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AIRPORT DEVELOPMENT 

Remote camps and communities in Alaska have been serve~ by 

general transport aircraft since the late 1950's. Since that 

time, air service provided by general transport aircraft in 

Alaska has primarily included mail and cargo dellvery, 

Passenger transportation, medical evacuations, as well ~s the 

transport of construction materials and e~ulpment. 

/ 

\ . 

One general transport aircraft which has proven suacessful in 

the transport of co~struotion materlals and eguipment, general 

cargo, and passengers to remote camps and communities in 

Alaska is the Lockheed Hercules. This aircraft was initlally 

designed by Lockheed during the early 1950's for use by the 

U°S. Air Force and U°S. Army as a cargo/troop carrier (C-130) 

(Lackheed-Georgla Company, 1980). The Lockheed Hercules was 

initially intended to provide straight-in rear loadlng for 

palletized cargo, and a ramp which would allow trucks, howit- 

zers, jeeps, and bulldozers to drive on. In addition, it was 

intended that this aircraft be capable of delivering men and 

supplles to remote or short-field situations (Dabney, 1981). 

Since its first dellvery of the Hercules to the U.S. milltary 

in 1956, Lockheed has delivered ap.proxlmately 1,000 of these 

aircraft to the U.S. military and an additional 600 Hercules 

to numerous internatlonal and commercial operators. Alaska 

International Airways in Falrbanks currently maintains a fleet 

of 5 Hercules and is the only operator in Alaska which uses 

the aircraft on a commerical basis. 

In the followlng paragraphs, concepts for the development of 

a general transport airport capable of handling Lockheed 

Hercules, and other smaller aircraft within the Droject area, 
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are presented and analyzed in terms of a recommended design 

approach and general concept; required facillties and general 

design criteria; O/M ].abor and heavy equipment reaulrements; 

and estlmated mobilization, construction, an~ O/M costs. 

RECOMMENDED DESIGN APPROACH AND GENERAL CONCEPT 

Because of the dependency on general aviation for the support 

of many remote camps and communities in Alaska, a slzeable 

number of local building contractors, Federal Aviation Admin- 

istration (PAA) and local government officlals, as well as 

commercial and recreatlonal pilots, are well acguainted with 

common O/M problems and practlcal construction solutions 

associated with airfleld development in the Alaskan Bush. 

Complementing thls local expertise is the availability of 

extensive FAA design c~Iterla and requirements whlch provide 

excellent predeslgn guidance to airport designers and buildlng 

contractors. Information available from both of these general 

sources should be carefully evaluated during the design phase 

of the proposed airport. However, design guidance from these 

sources must be combined with a detailed review and analysls 

of existing soil, hydrology, and climstlc conditions which 

will provide the primary basis for ~etailed airport design. 

Even though no substantive fleld investigations or resource 

analyses were made 'in conjunction w~th this plannlng effort, 

a cursory field reconnaissance of the project area an~ gross 

review of general soils data suggest that the project area is 

probably characterized by a significant amount of saturated 

soils and swampy muskeg areas. Consequently, design of the 

airport runway and support facilities must recognize the 

potentlally damaging mechanisms of frost heave and progressive 

frost jacking of objects within the freezing zone, as well as 
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the settlement or softening (loss of bearing capacity) of the 
soll upon thawlng (Smith, Reed, et al, 1979). 

Figure 5 presents a conceptual airport plan for the develop- 

ment of a general transport airport in the project area. The 

alrport would provide adequate runway area, air control, 

lighting, storage, and ancilllary facilities necessary to 

accommodate the use of a Lockheed Hercules aircraft during 

prevailing and crosswlnd conditions. 

REOU!RED FACILITIES AND GENERAL DESIGN_CRITERIA 

Introduction 

The following paragraphs provide more specific discussion 

concerning the relationship, size, and orientation of faciZ- 

ities required for airport development. It is intended that 

these brief descriptions will serve as conceptual design para- 

meters during the ultimate design of the airport. 

Runways 

C' 

Adequate wind information is not available for the project 

area at this time. However, discussions with local pi~ots, 

who make frequent fllghts over the project area (Eonrad, 1981) 

indicate that the.prevaillng wind in the project area is 

generally from the north (360 ° Magnetic) while locallzed 

storms, via Turnagaln Arm (Figure 2), generate occasional 

gusty winds from the east (90 ° Magnetic). Consequently, a 

primary north-south and alternative crosswlnd (east-west) 

runway configuration is regulred for airport development. 

However, the initlal construction of the primary north-south 

runway should be sufficient to handle air traffic during the 

construction phase of the Beluga Methanol Project. 
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The runway length required for a Lockheed Hercules aircraft 

is approximately 1 mile while the runway width should be 

approxlmately I00 feet (Figure 5). FAA criteria for a general 

transport, nonpresclslon runway, requires a basic runway 

safety area width of 300 feet (Federal Aviation Administra- 

tion, 1969). However, an additional 200-foot clear zone will 

also be provided in order that sufficient protection from 

potentlal obstructions is available. 

Should Boeing 737 air service be deslre% at some future date, 

an approximate G,000-foot runway length will be required. In 

addition, the runway safety area width will probably have to 

increase to an overall width of approximately 500 feet. 

The likely presence of saturated soils, potential frost heave, 

and ground settlement within the project area will necessitate 

the use of a minimum 4-foot gravel base for the runways which 

would be covered by a minimum 18-inch aggregate base course 

at 95 percent compaction (Figure 5). Wlth the use of gravel, 

the runway base will also be built above the surrounding 

ground elevations in order that the runways will usually blow 

free of snow, thereby reducing snow removal efforts and costs 

(Smith, Reed, et al, 1979). Proper drainage of the runway 

will be provided through the construction of a crowned runway 

surface at a slope of approximately 1 to 2 percent. 

Approach-zone clearance criteria established by FAA for a 

noninstrument runway requires a 40:1 slope • while instrument 

or precision runways require a slope of 50:i. FAA recommends 

that prescision runway clearances be used for ~esign purposes 

if a full conventlonal instrument landing system, with a glide 

slope, is desired. In light of the permanent nature of this 

facility and the likely eventual requirement for regular air 
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service between Anchorage and the project area, it is recom- 

mended that requlzed approach zone clearances for precision 

runways be used for design purposes. 

Air Control/Termlnal Buildlng 

The air control/terminal buiidlng will be a two-story struc- 

ture containing air control facilities and communication 

facilitles on the second floor, as well as a small pilots' 

lounge, office space, and passenger waiting area at ground 

level. Adjoining this buildlng will be an enclosed warehouse 

storage area which will serve as a staging facility for 

incoming and outgoing air freight. 

Fire Station 

A fire station facility will be situated adjacent to the air 

contrdl/terminal building and will house the emergency vehi- 

cles and equipment necessary for airport crash rescue activ- 

ities and fire supp~esslon within nearby camp facilities. 

Ut.i.!ities 

Airport Lighting 

Airport lighting will generally consist of medium-intensity 

runway lights, runway identification strobe llghts, a rotatinq 

beacon, and a lighted wind indicator. 

Initial identification of the runway by pilots will be aided 

through the installation of runway identification strobe 

lights. The runway edge lighting system will be a configura- 

tion of medium-intensity lights which will define the entire 

lateral and longitudlnal llmits of the usable aircraft landing 

48 



. , °" .. 

° •• 

/ °  • 

i 

• • %? 

. 

.• '• • : 

\ ' .• ' 

k • •\\ , 

• • i; ~ , ~' • 

• , • o- 

i 

I 

area (Figure 5). The rotating beacon will consist of two 

strobe lights which will be provided to assist pilgts in the 

location of the airport during nighttime hours or inclement 

conditions. A llghted wind indicator will aid the pilot in 

his determination of surface wind direction prior to landing 

or takeoff from the airport. 

Water Supply, Treatment, and Distribution 

The airport water supply will regulre a llmlted potable water 

supply to serve approximately I0 or less airport O/M and fire 

station personnel, and a small number of waiting passengers. 

Potable water demand is expected to be llmlted as restroom 

facillties will constitute the primary use of the water sup- 

ply. Assuming a potential water consumption rate of approxl- 

mately 25 gallons per person per day, the anticipated domestic 

water demand will be approximately 250 gallons per day. 

Consideration for fire flow has not been Included within the 

potable water regulrements for the alrpor~ since fire sup- 

pression within the airport area will be handled primarily 

through the use of ary chemicals. However, a fire truck/ 

pumper with a full tank of water will also be stored at the 

airport fire station to supplement the use of dry chemicals~ 

In addition, a domestic water truck serving the airport will 

also be stored at the fire station and will act as a back-up 

during any fire emergency. 

~, ° 

Given the limited guantity of potable water reguired, potable 

water and fire department supply can be trucked on a weekly 

basis from the townslte water treatment and storage facility 

to the airport. Upon arrival, the potable wat~c can be pumped 

into a small water storage tank located in th airport utility 
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buildlng, or insulated water tank which could be stored out- 

side on skids. A second option would be to develop a small 

groundwater supply and Install a small storage tank inside the 
alrport utillty building. 

" l  

Sewage Collection, Treatment, and Effluent Disposal 

Sewage flows generated by persons operating, maintaining, and 

using airport facilltles will be at a rate of approxlmately 

30 gallons per person per day, or a total sewage generation 

of approximately 300 gallons per day. Collector lines will 

transport the sewage to a 500-gallon package treatment facil- 

ity for primary treatment. Subsequently, primary sewage 

effluent will be discharged into a small subsurface soil 
absorption system. 

Power Supply and Distribution 

Airport power requirements will probably be provided through 
the exclusive use of electric power in light of the limite~ 

total power requirement for the airport and the uncertain 

availability of natural gas from nearby Cook Inlet production 

facilitles. The minimum total power r~uirement estimated for 

the airport facility is approximately 251 kilowatts (kW). 

However, should more detailed engineering studies during 

Phase IIA of the project indicate that sufficient ouantitles 

of natural gas are available for project use, approximately 

206 kW could possibly be deleted from the total electrical 
power requirements. 
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The total electrical power requirement is based on the use of 

the.followlng equation and a general facillty analysis of the 

airport plan (Figure 5). 

T o t a l  A i r -  

po~C Power Z (873 amps) x E(208 voits) x 1.73 x 0.8 (power factor) 
P " R e q u i r e m e n t  m .  ,, 

( k i l o w a t t s )  10 3 ( c o n v e r s i o n  f a c t o r )  

Rough calculation of the connected loads generated by the use 

of the airport facilitles is estimated to be approximately 

1,455 amps at 208 volts on a 3-phase, 4-wlre system. The 

demand load is assumed to be 100 percent of the connected load 

for the runway, strobe and wind indicator lights. However, 

the demand load for all other airport facillties is assumed 

to be 60 percent of the connected load. 

Similar to the construction camp, power for the airport wi~l 

be obtained through the use of electrical power from Cbugach 

Eleccric's Beluga Power Plant, and/or on-slte dlesel engine 

generators. In either case, the design of a power source for 

the airport must be integrated with the power requirements for 

the other major facility proposals such as the methanol plant, 

coal mines, townslte, and camp, which are associated with the 

project (Figure 2). 

Power to the airport will preferably be supplied through the 

Installation of a 14.4/24.9 kV overhead transmission line from 

the Tyonek Lumber facility, or Beluoa Power Plant, along the 

potential transportation and utility corridor. Prom the cor- 

ridor, a 14.4/24.9 kV, 3-phase, primary line will further 

distribute electrical power to airport facilities via a pad- 

mounted transformer which will be situated within a strategic 

airport location (Pigure 6). 

. ;  
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Prior to the installatlon of transmission lines along the 

transportation and utility corridor, two 275 kW diesel engine 

generators, with automatic transfer switches, will be used 

alternately to provide power to airport facilities, Once 

electri= power is available from transmission line along 

the corridor, the two generators can be used to provide emer- 

gency or stand-by power for the airport complex° 

Solld Waste Collectlon r Reduction r and Disposal 

A dumpster receptacle will be provided in a location central 

to the airport complex. Solld waste material stored in an 

airport dumpster receptacle will be collected on a regular 

basis by a dumpster truck which will also service the campsite 
an~ townsite areas. 

Upon collectlon, the solld waste material will be transported 

to the townslte solld waste management facilities for 

incineration and compaction. Reduced solid waste quantities 

will eventually be landfilled in an area situated near the 
townsite. 
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AIRPORT O/M CONSIDERATIONS 

Operation and malntenance of the airport generally will 

primarily consist of providing air traffic control, runway 

maintenance~ air cargo handling, passenger processing, emer- 

gency fire suppressldn capability, and utillty system O/M. 

Refuellng of aircraft will only be performed on an emergency 
basis. 

Labor and heavy requirements for these O/M activities bave 

been incorporated within anticipated O/M regulrements for 

variable camp populations in llght of the fact that camp and 

airport 0/M activities can be effectively combined (Tables 2 

and 3). For example, road clearing operators maintaining tb~ 

road between the camp and the airport also can be used to 

clear the airport runway. Utility system operators at camp 

can also operate and maintain the smaller utility systems at 

the airport. It should be noted, however, that union rules 

may somewhat restrict the use of O/M workers on a combination 

basis. Assuming that some degree of combined use can occur, 

the costly duplicat~on of labor and heavy eguipment reguire- 
ments can be signlflcantly reduced. 
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AIRPORT CONSTRUCTION AND O/M COSTS 

I n t r o d u c t i o n  

Base~ on conceptual requlrements for airport facilities and 

equipment, general design criteria, and related O/M considera- 

tions, CIRI/H&N has developed general order-of-magnitude 

estimates for airport construction and O&M (Table 8). These 

estimates are prlmarily derived from previous experience 

in the design and construction of slm~lar airports, as well 

as estimates and price quotations received from appropriate 

manufacturers and suppliers in Alaska and the lower 48 states. 

Anticipated construction costs reflect the use of all 

inclusive unit and lump sum estimates for site development, 

facility construction and utility installation. Esti~ate~ 

airport O/M costs have been combl, ed with estimates for camp 

O/M (Table 7) llght of the potential cost savings which may 

be derived from the combined use of O/M labor and heavy 

equlpment. 

i'i 

C 
~ 

55 

m 

i ̧ 

>. 

11. 

• • i ~ 

i I~ ..~i ~ 

~i~!,i ~! 

~.. : m ::1 

C•:. • ~ •..~ 



i l  ~ ~ ~ ~ ~ ~ ~ ° o o ,,, 
0 0 0 ~1 

i ~'~'~,~, ~ ~ ~ ~ -  ~ : ~ ~ 

.-, ~l~,l~; I 

~[ % % % % = 

i [ !  ~ ~ ~ ~ ~ ~ , ,,, ~ , 

i . . . ;  , 

m 

• ~ ~.~ m ' ,~  

~.~ ~ ~ ~.~ ~ ~ ~ ~..  

5 6  



. - " ' .  • 

i ~  ~ , 

/ 

I 

i 

."'2-'-- 
~ g  

il o o o o  1 ~ 0 0 0 0 

0 

~ 0  

(i 

ql 

0 

1" ~2 

o 

0 0 0 0 

ks ~ I.I 

° ~  oo~ 

[ ~  " ' "  e~ o°° ° 

e - I  

0 

,,I.I 
,ml 
i - I  
.e l  

,ml 

E 
I , - 4  

0 

Q 

J 
m 

u 
,e,I 

57 

[ ]  

H , 

J 

' • t 

o .  

o 

I 

! 



- , .  Ti 

° 

i ~ !1 

, i 

El : -  I 

• 1  

I ;~  " I 

~1~' i 
~II • 
~!~ .. 
~,4~ ~. 

If 

illi 
,.,, ! . .~ 

z 

i '  X':[ 

i 

p 

[ 

! 

,I 
] 

- I  

i 

TABLE 9 

ANTICIPATED ANNUAL O/M COSTS 

TOWNSITE t AIRPORT, AND 50-PERSON CAMP 

LABOR 

Project Management 
Administration 
Facilities 
Logistics 
Community Services 

EEAVY EOUIPMENT 

Rehabili ration 
Replacemen t 

OOTSIDE CONSULTANT FEES AND SERVICES 

TOTAL 

Total Cost 
(1981 Dollars) 

$ 252,007 
2,114,620 
3,718,576 
5,130,002 

2 0 0 , 0 0 0  
3oo f,,ooo 

$ 5 0 0 , 0 0 0  

$ 1 0 0 , 0 0 0  

• $ 1 4 , 2 7 3 , 1 4 8  

,| . 

%.. 
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INTRODUCTION 

. TOWNSITE DEVELOPMENT 

Aside from Anchorage and Palrbanks, approximately 28 percent 

of Alaska's resident population resides in small communities 

of three thousand or less persons. Many of these settlements 

were established long before municipal services were ever 

present in Alaskao Their location and haphazar~ layouts were 

based on survival and personal preferences (Smith, ~ee~, et 

al, 1979)o More recently, many of Alaska's rural communities 

have begun to demand increased public services and amenities. 

The construction or Installatlon of desired community 

improvements in these more remote areas is, at the outset, an 

extremely costly proposition ~n llght of increased mobiliza- 

tlon, material and labor costs. However, the spread-out, 

low-denslty nature of these settlements further aggravates 

the cost of providing expanded public facilities in these 
communities. 

Centralization of essential services such as commercial, 

recreational, and educational facilltles is an essential 

consideration for rural communities in Alaska. Winter 

weather is not amenable to extensive vehicular travel in the 

winter. Consequently, pedestrlan travel is 6eslrable within 

small communities as long as the distance between home and 

essential community services is not overwhelming during the 

winter months, or generally discouraging to the average town 
resident. 

[-.-, ,  
~.,. / 

The development of housing in and around essential small town 

community services also allows rural communities to benefit 

from the availability of centralized utility systems within 

the community. Scattered houses and cabins over a widely 
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dispersed rural area requires each landownerto Install indi -  
vidual utility systems such as water, power, and sewer. 
Unfortunately, many of the indlvldual utillty systems are less 

energy efficient and frequently generate locallzed environ- 

mental problems, such as sewage contamination of a nearby 

groundwater supply, which can often he avoided through the use 

of a communltywlde u~illty system. However, even with the 

development of one or more centralized utillty systems, a 

well-known problem in rural Alaskan communities is the limited 

availabillty of competent In~ivlduals who can operate and 

maintain these systems on a regular basis. 

The concepts presented for development of a permanent townslte 

in the project area are very preliminary in nature a,d are 

descrlbed in terms of a recommended design approach and gen- 

eral concept~ reguire~ facilities and general des.lgn criteria~ 

O/M labor and heavy equipment reguirements~ and estimated 

mobilization construction, and O/M costs. Greater attent$on 

is devoted to the general orientation of various permanent 

facilities and land uses in order to provide general guidance 

for the eventual design of the townslte. The defln~tion of 

required facil~tles and general design criteria is intended 

to clarify the basis of the general townslte development con- 

cept and estimated ~evelopment costs. 

RECOMMENDED DESIGN APPROACH AND GENEP~L CONCEPT 

Development of a permanent townslte in the project area 

represents only a small segment of the anticipated development 

costs and related financing requirements for the Beluga 

Methanol Project. However, the townslte is highly significant 

.to the overall pro~ect in terms of its potential impact on 

• ..,~: . 
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employee morale and efficiency, work force continuity, and 

the general perception of the project by adjecent Cook Inlet 
Basin communities. Consequently, it is imperative that the 

design and construction of the new town be responsive to 

project employment policies; physical resources and con- 

straints of the project area; regional housing, education, and 

consumer demands; and socioeconomic characteristics of the 

anticipated work force. 

The townsite development will be innovative in the sense that 

its design configuration and layout will be responsive to 

these preceding considerations, and will address some of the 

general problems associated with many of Alaska's rural com- 

munities. As suggested by the conceptual townsite plan 

(Figure 7), the permanent townsite will centralize basic 

commercial, educational, and community service facilities in 

order to enhance proviRions for these services in terms of 

reduced construction and O/H costs, and personal convenience 

to future town residents. These facilities, ~s well as some 

limlted multiunit housing, will comprise the central core of 

uhe townsit~ which will be financed and constructed incremen- 

tally by the project and other investors. Surrounding the 

central core of the townsite will be the development of 

single-family, townhouse and multiunit residential neighbor- 

hoods. These neighborhoods will be developed and financed by 

other investors. Individual housing units will be markete~ 

by a local real estate sales organization. 

Circulation within the townsite will be accomplished primarily 

through the use of small 20 and 45 passenger buses, as well 

as pedestrian and combination bicycle/cross-country ski trails 

throughout the town. However, vehicular parking may even- 

tually be planned in conjunction with the potential future use 
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of private automobiles. Similar to other rural Alaskan com- 

munities, school facilities will serve as a community =enter 

for both community education, as well as indoor and outdoor 

recreation. Access to other nearby recreational opportunities 

such as flshing~ hiking, hunting, and camping.would also be 

provided. 

Facillties and services within the townsite will be designed 

for an initial population of 2,600 persons. However, these 

facilities and services will expand as the townsite 

populatlon increases to approximately 4,200 persons in the 

1990's. 

9. 
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LAND USE DESCRIPTIONS 
Residential: 
SF 16 ;0 24  sllql/e fl~nzily units lit Six ~ r e  

nelgltll~rlWods. 
aver°fie density: 3.3 mllts/10re 

SO tewnhoneo a ~  acre nelghborhood~ pwtmant units In five 
aver°go density=. 10.0 units/acre 

F S F  Potential sis acre explnllon area for olngle 
family noighbodmod development. 

Commercial: 
COMMERCIAL ComMned shopping lad 

COMPLEX" entail°lament, ©ommunity vervloos, 
o ff~.a~ g o v e m m o n t l l  
8aml.nMtrlttlon, and resldenUal 
°Parenent unite on :JO.O a~ros.  

FUTURE PotenUal ten ~ r e  commar~lal 
COMMERCIAL oxpsnmio, area 
EXPAH~ION 

Educational: 
EDUCATIONAL Nigh ll:hool and K-8 facility 

COMPLEX on ~dxty enren. 
FUTURE 

EGUC..,TIONAL _l~_ten.Uai twenty °=re expamion 
EXPANSION are8  lOt a d d i l l o a l l  K - 8  l a c l t y  

Utilities: 
UIIUTY Water ~eatment, solid w a s t e  

MPLEX m~agamsnt,  and power subataUon 
faclU~lea on ~ p m x .  ~.7 acres. 

S T P  Sewage b~atlne~ ~ on approxlmofely 
4.6 acres. 

oxW'~lll .tlll~inl with likaola fmmOy nolOl~orhood 
p a n ~  on approxll~taly 4 .6  a©ron.  

MC Motor vehic le  =o.=. mr°as 
mmm Improved road 

- - - -  ,o, , . .  

Dh~oUon of vehicular cb~:uisllon 
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REQUIRED FACILITIES AND GENERAL DESIGN CRITERIA 

Houslnq 

Workers and their familles will resJ.de in stlck-built homes 

which wili be developed and marketed to the work force by a 

local housing builder and an associated real estate sales 

organization. Residential constru~tlon and marketing by the 

builder wall follow general desiun criteria and marketing 

procedures established by the project. Consequently, the 

project will not need to bear the substantive cost of 

financing and erecting permanent housing structures. 

Single-family neighborhouds CFigure 8) will be comprised cf 

16 to 24, two and three-bedroom houses on approximately 

6 acres of land, or an average density of approximately 

3.3 units per acre. Townhouse/multlfamily neighborhoods 

(Figure 9) will be characterized by approximately 50 town- 

houses and apartments consisting of one-, two-, and three- 

bedroom units on approximately 5 acres of land. Within the 

commercial complex, some 250 studio and two-bedroom units 

will be provided above and adjacent to commercial shops and 

community 3ervlces to enliven and enhance activity within the 

town center. 

64 

d " I 

,t 

f 

~i. ~ 

• i 

\ 

t, ~ ~ 

m m .:. _~" ...... ~ m 



;,. ': j 

© 

° . I . : "  

2: 
t 

° e l  ~ : ' ' "  

, . . . ' . ' , "  

° : . - -  ° , ' ,  

• - . - . , ,  " 

; . ' . .  

2,BRM 
. ' .  ' o 

, ' . o .  . o 

q : . . '  

" o *  
°. "1 

2 BRM 
2 BRM 

* I s t 

b!. ,~ 
" °  , 

• " .  , .  

; " o ' ~  

m m  m m 



O 4 

q g ~ Q i q 

,j~RM 
:., 

• ° "  

. - . . .  ',..,."' .~..:: 
' ~ : . . : ' ~  ,: . .-,  , . .  o 

Q 

t • i 4 e o 
• • j j • 

' ,  . , , ,  

• " * J4  
• ' , , ~ "  • . • '.,...,--., 

• • .  .* • .E '  

ii!" .,i~- :' .: " :  , ~ - ;  ............ 

* " . o .  

QQi 

© 

.~'.', 

, i , o *  

,,',% 

t j . ° 

Yt* 

i , ° °  

*~W"  * 

• " ~ t  | o 

t~  ' * ° 

" '  . ,  , 

SO 

, ~ o R  7"~, 

SCALE IN FEET 
0 80 60 9 0  

2 BRM 
3 BRM 

LEGEND 
T~o bedmam ainole family houses. 

t'lvoe bedroom slbOle fatally hotmeL 

[ -C ! R ! / .  H & N I 
ANCHORAGE, ALASKA 

CONCEPTUAL CAMP, AIRPORT, 
and 

TOWNSITE DEVELOPMENT PLAN 

o ,  I 
METHANOL PROJECT 1 

SINGLE FAMILY NEIGHBORHOOD 
FIGURE 8 

", ~ i  / 



. . . . . . . . . .  • ~ -  . . . . . . . . . . . . . . .  . . . . . . .  ~ , , , . , ~  ~:,,~.'~;'..",~."~ , ' . ~ . . ' "  " '  " ~ ' ~ ' . " , ~ , °  ~;,t', '; ',t;'~.°~'.~,:,•~',,~ ° , ' ; '1~. , ' ,~.~ '¢~'~, : ,  , ~ . ; ' "  ~ "  " ,  . . . .  ",,' ' , '  ~ ' . ,  : . . , . ~ . C • ¢ . ~ . ~ , ~ ' ~ . ~  

t ' ~ ' o :  

t , ' ~  ° 
° ° l ° ° , ~ B o '  

• , , v ° o ,  

~ o o  

, o 
; i  

, °  

I 

, ° 

°° :,,'..o 
° 

o 

r ~ ,  ° 

• ° 

° 

Q 
m Q 

° 

• o 

° 

° .  
° 

CENTRAL 
OPEN RECREATI 

8PACE 

o°  

. • . ° . 

. . :  

| •  ~ o '  

° • 

• ° 

I 4 

° .  - o 
o • °  , o ~ • o  

• . o 

o . . . ' .  • 

. ° ~ ' °  • 

e •  • • 

, • o .  • ° o 
• " ° ° . , o o ' °  

o O  

i w  0 Q 

b ~ t 

o ~  



.~ ,~. . , ,  

,~ ~ I 

~" 

"." ~ ~ - - " i ~  . . . . .  

"~° L E G E N D  

C Apartment l=llo¢~s t=dltlt four, o N  I s e d ~  
ants ~ four, two I~da'oom malta each. 

D ~ b l~k v~h I~m, l l v ~  b e ~ l ~  

• ....:.-,,,......,,~,g.. :n~ . . ~  
~ - A C E  z , 

a ~ ~'~ 
,: ~ 

iiii )S:i, 
} : ' i - . : '  " ". - . : .~- : . . .  

-o 

~ % °  ° '  

~ a r "  • 

. ~ . . , , .  . 

/ e 

~ ; ~ ~ -  co,cEP'ruA, ~dC"~" A,~PO,T.. 
"" I ~  O~ --:- '.,,- "row,s~ OEVE,OPM~,'r ~ ,  

• :i:-. - -  . -  ' .. ~ 
- o  

H O I  

i!" 

i 

i 

• , , .  • 

. .  ! 

I 



, .  : ' , [ .  : ,  

i . 

I 

! 

i i • . ,  , ,  ' 

i 

r, 

' . i ̧ 
• i 

, ' : i  ': . . . . .  ".k : :!.a 

i" " "' " 

=i,) 

. ! 

ii i :  
n 

n 

' L 

2 ' 
, . 

2-i' 

I 

Utillty distribution to residential neighborhoods will be 

accomplished through the use of an underground utilidor which 

will he located along the 12-foot wide loop access route 

within each neighborhood, The loop road will also provide 

access to 20 passenger buses~ small delivery and home repair 

trucks; as well as emergency vehicles for fire suppression, 

medical, and law enforcement emergencies. Otherwise, the 

access will be used for pedestrian/blcycle traffic and cross- 
country skiing activity. 

Educational Comple X 

An ultimate town populatlon of approximately 2,600 to 4,200 

persons in the project area is expected to generate a K-12 

school populatlon of 800 (Harrison, 1981) to ].,600 students 

(Ward, 1981). Preliminary discussion with the Kenai Penlnsula 

Borough School District (Ward, 1981) suggest the need for a 

high school facility capable of accomodatlng up to 800 stu- 

dents, as well as a K-8 school for a maximum of 500 students. 

With the development of a new educational complex in the 

townsite (Figure 10), the Tyonek community and/or the Kenai 

Peninsula Borough School District (KPBSD) may eventually wish 

to bus some 85 students from Bartlett Elementary/High School 

in Tyonek to the new educational facilities within the 
townslte. 

Within most rural Alaskan communities, local elementary and 

high school facilities are utilized for classroom space during 

the day. ~owever, during night-time hours and weekends, rural 

schools serve as a major focal point for numerous indoor and 

outdoor community activities such as public meetings, commu- 

nity school programs, and winter sport festivals. It i~ 

envisioned that school facilltles within the new town will 

operate in a similar fashion. With this assumption, eventual 
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school facility designs will need to reflect supplemental 

provisions for activities such as swlmmlngl community theatre 

and musical presentations in the school auditorlu~s; photog- 

raphy, painting, and ceramic studios~ and a llbrary collection 

suitable for community wide use. Outdoor facillties will 

include facilities for, at least, ice hockey and skating, 

cross-country skiing, football, track and field events, and 

baseball/softball. 

! 
i 

All educational facilities will be developed within one 

educational complex (Figure 7) with adequate separation being 

given between the high school and K-8 facilities. This can 

be accomplished through the use of forested buffer areas and 

commonly used outdoor recreational facility areas, such as 

football and baseball fields (Figure I0). Another advantage 

of the centralized educational complex is the potential for 

curriculum sharing of school programs, such as music and 

health services (Ward, 1981), whlch could aid in decreasing 

the annual cost of the town's educational program. Assuming 

use of the centrallzed educational complex, the Kenai 

Penlnsula Borough School District estimates that approximately 

40 acres would be required for a high school site while some 

20 acres would be needed for a E-8 "facility (Ward, 1981). 

Commercial Complex 

The other major component of the town center is the commerclal 

complex (Figure 11). This area will provide essential and 

deslrable community facilities for consumer purchases and 

services. Commerclal space for retail grocery and department 

stores, a church, medi=al facillties, bank, offices, movie 

theatre, restaurants, and future governmental administration 
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will be situated within an enclosed, two-story mall structure. 

In order to enhance the commercial and social viab~llty of the 

complex, studlo apartments and two-bedroom condominiums will 

also be developed in selected ground-level and second-floor 

areas adjacent to shops and community service facilities. The 

enclosed mall, which connects all comRercial and residential 

space, will also be characterized by a double-lnsulated glass 

roof (Figure 11) which will provide natural light to the com- 

plex during the spring and summer months. 

Access to the commercial complex will be primarily by bus und 
pedestrian traffic. In the winter, some residents will choose 

to use cross-country skiis in coming to the town while, in the 

summer, a sizeable number of residents will utillze bicycles. 

Commercial goods will be transported into the complez by truck 

via designated vehicular service areas (Figure 11). Special 

vehicular access will also be provided for emergency vehlclos 

such as ambulance an~ fire trucks, as well as utility and 

service vehicles which reguire access into the commercial 

complex to accomplish necessary repair work or loca! commer- 

cial dellverles. 

Utl]ity distribution lines within the commercial a~ea will be 

buried: in an underground utilldor serving the complex. 

TransDortation 

The work force will be provided regular public bus service for 

daily commuting to work areas within and outside the townslte. 

It is envisioned that transportation of workers to work areas 

out of town, for example, airport, mine, and plant, will 

require the use of 45 passenger buses while bus routes inside 

of town will use 20 passenger buses and/or 9 passenger vanz.: 
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F o r t y - f i v e  p a s s e n g e r  b u s e s  w i l l  a l s o  be  u t i l i z e d  t o  accommo-  

d a t e  school-aged children commuting to the educational complex 

from townsite residential areas. Throughout the year, vari- 

able sized buses will also be used to provide bus transporta- 

tion to nearby recreational areas such as Congahbuna Lake and 

Nikolai Creek. 

Within the townslte, vehicular circulation for required buses, 

utility and service trucks, and emergency vehicles will be 

accommodated primarily through the use of a 24-foot wide, one- 

way, loop clrculation system (Figure 7). Two-way traffic will 

OCcur alon~ this roadway from the town's main entrance to the 

motor vehicle maintenance and storage complex ~n order to 

minimize larger bus traffic within the primary loop access 

system. 

Secondary roads, approximately 12 feet wide, will provide 

vehicular access to buses and utility/service vehicles within 

residential areas, as well as the conqoercial and educational 

complexes. 

Automobiles for private use wlll initially not be permitted 

within tne townslte since adequate transportation and access 

will be provided through an efficient bus service, and an 

extensive communltywlde trail system for pedestrians, bicycl- 

ing, and cross-Qountry skiing. However, the use of private 

automobiles may eventually be allowed. ~f so, parking area 

for these vehicles may also be provided. 

All buses~ heavy equipment, and utillty/service vehicles 

seKvlng the townslte w111 be stored and maintained at the 

motor vehicle maintenance and storage complex. This facility, 

...•. 
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approxlmately 4 acres In size, will be situated neer the town 

center in order to enhance the efficiency of vehicular 

clrculatlon wlthln the townslte. 

Recreation .. 

Both indoor and outdoor recreational opportunities will be 

afforded to new town residents. Indoor recreational and 

social activities such as movle-going, informal art fairs, 

and restauranting will occur primarily within the town 

commercial complex while activities such as basketball, 

swimming, badminton, gymnastics, community theatre, art 

studios, and community clubs will function through the use of 

available elementary and high school facilities. Outdoor 

recreation ~I11 probably include the formal organization of 

various community leagues for hockey, football, and baseball 

which will use facilities located within the educational 

complex. Activities such as cross-country skiing, skating, 

and fishing will be carried out Informally at various 

locations throughout and adjacent to the new town. 

It is envisioned that new town residents who enjoy hiking, 

cross-country skiing, fishing, and hunting will also be 

attracted to other nearby recreational sites within the 

project area such as Congahbuna Lake and Nikolai Creek 

(Figure 7). Wlth the presence of existing logging roads, 

access to these areas can be provided by small 9-passenger 

vans available from the town's publlc bus service. 
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Utilities 

Water Supply, Treatment, and Distribution 

No s p e c i f i c  d e s i g n  c r i t e E i a  has been e s t a b l i s h e d  by t~e  S t a t e  
of Alaska for rural community wateE supplies. However, it is 

assumed that an ultlmate town population of approximately 

2,600 to 4,200 residents would consume approximately 120 gal- 

lons per person per day. Consequently, the new town's domes- 

tic water consumption will be approximately 504,000 gallons 

per day. Given this requirement, the well and booster pumps 

associated with a groundwater supply will need to be sized to 

accommodate an approximate 875 gpm flow. This flow rate 

includes a p~ak factor of approximately 2.5 times the average 

daily flow to allow for maxlmum peak day requirements. 

Fire flow is the quantity of water in gallons per minute that 

is required for a specified duration of time to give effective 

control of a major fire or fires at any designated point 

within a community. Fire flow criteria by the National Board 

of Fire Underwriters suggest that the townsite should be 

provided with a fire flow of approximatel~ 2,050 gpm for two 

hours, or 24~,000 gallons. 

The water supply f~r the townslte would desirably be obtained 

from the existing aquifier in the vicinity of the townsite. 

E~ery effort should be made to construct the well within or 

adjacent to the townsite utility complex which will he 

situated upslope of town residential neighborhoods, and 

¢ommerclal/educatlonal complexes. Whether or not adequate 

groundwater potential is available in the vicinity of the 
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utility complex or townslte cannot be assessed until test 

well investigations are undertaken within speclf~c alternate 

townsite locations. 

As stated earlier, the townsite water supply should be 

developed early in the ove=~11 construction program in order 

that the initial potable requirements of the temporary camp 

can be provided to the camp without developing a separate 

temporary water supply. It is recommended that the well pump 

size be originally constructed for the ultimate townsite 

demand to further reduce construction costs associated with 

water source ~evelopment. 

The storage requirements for the town's potable water system 

will be based on the sum of the fire denand and one-half the 

daily domestic demand, or a total of approximately 

498,000 gallons. This storage will either be a ground 

storage tank located upslope of the town, or an elevated 

storage tank in the vicinity of the well pump site. While in 

storage, domestic supplies will undergo some degree of treat- 

ment to enhance the acceptabillty of the potable water by 

camp residents, and maintain potable water quality at levels 

which are in keeping with the water quality standards of the 

State Department of Environmental Conservation. Such treat- 

ment may include the use of sediment filters; charcoal 

f~iters for taste, odor and color removal; water softeners 

for iron or manganese removal; &nd iodlnators for bacterial 

disinfection. 

DeDendlng on th~ outcome of test well investigations, a 

booster pump station may be required to provide the water 

pressure necessary for potable water storage and distribution. 

However, every effort will be made to take advantage of 

gravity flow from the storage tank to the town neighborhoods 

75 

7 

", , 



" 

T 

° 

e ~ 

t 

• . • 

and facility complexes. Otherwise, a slngle distribution 

system is presently envisioned to. provide domestic and fire 

requirements for the town. This system will consist of a 

main tr~nsmls~ion llne which wiil be installed within an 

underground u~ilidor along the town's primary loop access. 

Smaller diameter pipe will be installed within the utilldors 

providing distributiun within the residential neighborhoods, 

as well as the commercial, educational, and vehicle 

malntenance/storage complexes. 

Sewage Collection, Treatment, Effluent Disposal 

Sewage flows generated by the town will be a rate of approxi- 

mately 80 gallons per person per day (Smith, Reed, et al, 

1979), or a total camp flow of approximately 336,000 gallons 

per day. Variable size collector lines will transport the 

sewage to a tertiary treatment'facility within the townsite 

utillty complex. 

The sewage treatment process will consist of the four 

50,000 gallon package p1~nts, for example, extended aeration, 

previously utilized for ~he construction camp, as well as 

three additional 50,000 gallon package plants necessary to 

accommodate the illcreased sewage quantities. Similar to camp 

development, constructioD and actual use of the townsite wl]~. 

occur on an incremental basio. ConsequeNtly, the package 

plants from the camp will be transporte~ and installed incre- 

nlentally at the townsite as the camp population decreases and 

the permanent work force is nearing relocation to the 

townslte. 

The sewage treatment plant will be sited downslope of the 

towneite in order that gravity sewer collectlon lines can be 

used. The plant site will also be situated adjacent to a 
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natural dralnageway which can be utilized for the discharge 

of sewage effluent. Using this method, a portion of the 

effluent, during the spring and summer months, would be 

absorbed in ~h? substation while the remaining discharge would 

eventually flow downslope to Nikolai Creek. During the 

winter, a conslderable accumulation of frozen effluent would 

likely occur within the dralnageway. 

A significant salmon fishery area is present within Nikolai 

Creek along Cook Inlet (Armlnsky, 1981). Consequently, care- 

ful planning and coordination with the State Department of 

Fish and Game and the Department of Environmental Conservation 

will be required during the design phase of the camp sewage 

system to ensur~ that.fishery resources in this area will not 

be significantly affected by the upstream discharge of 

tertlary-treated effluent. 

If the accumulation of frozen effluent in a downslope 

drainageway is considered unacceptable for aesthetic reasons, 

or there is ecological concern for the rate of effluent dis- 

charge into Nikolai Creek, a holding pon~ could be con- 

structed adjacent to the treatment plant. Effluent would 

still freeze within the pond during the winter monthsl how- 

ever, containment of frozen effluent within one central area, 

and/or the option of a controlled rate of discharge, may be 

more acceptable for the mitigation of environmental concerns. 

Power Supply and Distribution 

Power requirements for the townsite will probably be met 

through the exclusive use of electrical power in llght of the 

uncertain availabillty of natural gas from nearby Cook Inlet 

prnduc~ion facilltles. Based on this .assumption, the minlmu~ 

.': 
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power requirement anticipated for the townslte is approxi- 

mately 25.9 megawatts (MW). However, should more detailed 

engineering studies during Phase IIA of the project indicate 

that sufficient quantities of natural gas are readily 

available, aPProximately 21.0 MW could possibly be delected 

from the total electrical power requirements. 

The total electrical power requirement is based on the use of 

the following equation and a general facility analysis of the 

townslte land use plan and related schematic plans for 

residential neighborhoods and facility complexes. 

Total Town- 
site Power I (668 amps) x E(24.9 kilovolts) x 1.73 x 0.9 (powe! factor) 

P " Requirement = 
(MeEawatts) 103 (conversion facEor) 

Rough calculation of the connected loads generated by the use 

of the townsite facilities is estimated to be approximately 

1,113 amps at 24.9 kilovolts on a 3-phase, 4-wire system. The 

demand load is assumed to be approximately 60 percent of the 

connected load as shown in the preceding equation. 

A 165-KW coal-fired power plant will ultimately be included as 

part of the overall Beluga Methanol Project. However, con- 

struction and subsequent use of the townsite will require the 

availability of the minimum power requirement prior to the 

development of the coal-fired power plant. As a result, elec- 

trical power will initially need to be obtained from the use 

of a 14.4/24.9 primary voltage line which will be installed 

from Tyonek Lumber Company to the townsite utility complex. 
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Howevez, the design of a power source for the camp must be 

integrated with the power requirements for the other major 

facility proposals such as the methanol plant, coal mines, 

townsite, and airport, which are associated with the project 

(Figure 2). 

As stated earlier in this report, Chugach Electric's Beluga 

Power Station has a 14°4/24.9-kV overhead transmission line 

to Tyonek Lumber Company in Tyonek (Figure 2). Excess power 

is technically available on thi~ line; however, Kodiak Lumber 

Company of Tokyo, Japan, owner of Tyonek Lumber Company, is 

90 percent owner of the existing transmission llne. Co~se- 

quently, successful negotiations between the project and 

Kodiak Lumber will have to be initiated and completed if this 

transmission line extension is to occur. 

Assuming installation of the 14.4/24.9 kV transmission line 

extension to the townslte utility complex (Figure 7), a 

switching station will be constructed in the utility complex 

in order that electrical distribution within the townsite can 

be installed underground. Distribution lines within the town 

will be accomplished through the use of pad-mounted trans- 

formers and an underground utilidor which will be situated 

along the town's primary and secondary roads. 

Solid Waste Collection, Reduction, and Disposal 
,# 

The new town will generate approxlmately 8 pounds of solid 

waste material per person per day. The wastes will be com- 

posed of approximately 14,784 pounds per day of burnable mate- 

rial and approximately 2,016 pounds per day of noncombustible 

material. 
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After daily collection of wastes by townslte O/M personnel, a 

dumpster will be used to haul garbage to a solid waste manage- 

ment facility situated within the townsite utility complex. 

Inolnerators at this facillty will reduce burnable material 

approximately 15 percent while nonburnable mst~rial will be 

compacted to approxlmately one-elgbth of its original volume. 

Remaining solid waste material will ultlmately be ~isposed 
within a sanitary landfill located on the downwind side of the 
townsite. 
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TOWNSITE O/M CONSIDERATIONS 

Once the townslte is fully occupied by the project's opera- 

tional work force, it is assumed that the need for a 50-person 

camp will still e~:Ist in order to accommodate visiting govern- 

mental officlals, subcontractor representatives, and prospec- 

tive project employees. Consequently, anticipated O/M labor 

regulrements for the townsite include provisions for the O/~ 

of a 50-person camp and the airport. Table 10 summarizes the 

labor requirements necessary for the operation and maintenance 

of the townslte, airport, and a 50-person camp facilLty. 

However, a more definitive breakdown of these reuuire~ents is 
presented in Appendix A. 

TABLE i0 

ANTICIPATED O/MLABOR REQUIREMENTS 

.TOWNSITE r AIRPORT r AND 50-PERSON CAMP 

Type of Work 

Project Manager 

Administration 

Facilities 

Logistics 

Community Service 

Required Number 
of Workers 

18 

30 

45 

2O 

Total 115 

The opera'~ion and maintenance of the new town will be 

accomplished most ideally through the use of slngle O/M 

organization for all facility complexes, residential 

neighborhoods, and utility systems. However, due to the 

variety of tasks required, the availabillty of a single 
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contractor capable of providing such a broad range of O/H 

services may be limited. In either case, the townsite O/M 

organization will generally reflect a delegation of 'respon- 

sibilities similar to that pzevlously used for camp and air- 

port O/M. 

Due to the nature and presence of the permanent townsite, O/M 

labo~ requirements will generally include ground maintenance 

of common areas within residential neighborhoods; the daily 

maintenance of the commercial and educatlona3 complexesT 

roadway and trail maintenance, for example, snow plowingl as 

well as the operation and malntenanee of the towns!re utility 

systems. Heavy equipment required for the performance of 

these tasks can largely be accomplished through use of heavy 

equipment previously used for camp O/M. However, some 

equipment rehabilitation and replacement should be expected. 

82 

mm 



L --,_.;.._ / .  , . / " - -  

Q, t QQ 

TOWNSITE CONSTRUCTION AND O/M COSTS 

Introduction 

Based on conceptual facility ~equirements, general design 

criteria, and related O/M considerations, CIRI/H&N has devel- 

oped general order-of-magnitude estimates for townsite con- 

struction and O/M (Tables Ii, 12, 13, and 14). The estimates 

were primarily derived from price quotations and cost esti- 

mates obtained from transportation companies, bui!ding con- 

tractors, architects, an$>equipment manufacturers'in Alaska. 

In some limited cases, itlwas necessary to suppl6ment 'local 

cost data from similar sources in the lower 48 states. How- 

ever, such information was generally escalated to account for 

regional cost variations in labor, materials, and equipment. 

Construction Costs 

Townsite construction estimates are segregated to enhance 

separate consideration of mobilization, facility construction, 

and utility system installation (Tables 11, 12, and 13). 

Facility construction costs presented in'Table 11 assume the 

development of all townsite facilities. However, the poten- 

tial finanoial participation by private builders in the devel- 

opment of the commercial complex and residential neighborhoods 

would significantly reduce the costs which would actually be 

absorbed by the project for townsite development. Another 

potential reduction in townsite facility costs would be gen- 

erated through development of the educatlonal complex by the 

Kenai Peninsula Borough School District. 

Given the preliminary assumptions regarding the potential 

financial participation by the project and other investors 
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(Tables 12 and 13), it is estimated that the level of flnan- 

cial responsibility anticipated for facility construction and 

utility installation will be as follows. .. 

Agency Amount 

The Project 

Other Investors 

$ 17,479,205 

_ 82,866,400 

~i00,345,605 

Assuming disproportionate reguiremQnts for construction 

mobilizatlon (Table Ii), each agency will also incur an 

• additional $0.5 to $i.0 million for this aspect of townsite 

development. 
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TABSE 14 

ANTICIPATED ANNUAL O/M COSTS 
,TOWNSITE, AIRPORT, AND 50-PERSON 'CAMP 

LABOR 

T0tal Cost 
,! , ,!981 Do%lars_.__~) 

Project Management 
Administration 
Facilities 
Log is tics 
Community Services 

HEAVY EQUIPMENT 

$ 252,007 
2,114,620 
3,718,576 
5,130,002 

Rehabilitation 
Replacement 

OUTSIDE CONSULTANT FEES AND SERVICES 

TOTAL 

200 ,000  
_ 3 0 0 , 0 0 0  

$ 5 0 0 , 0 0 0  

$i00,000 
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Construction Mobilization 

Similar to camp and airport development, mobilization costs 

for the townsite (Table ii) reflect the assumption of CIRI/ 

PLACER, or i~s construction manager, contracting air and barge 

services for the transport of heavier and more bulky equipment 

to the project area. It is assumed that barged material will 

be off-loaded at some point along Trading or Beshta Bay Shore 1 

line (Figure 2). Subsequently, the materials wilA be tempo- 

rarily stored at a nearby staging area until materials can be 

loaded onto flatbed trucks which would deliver the materials, 

via existing logging roads, to the townsiteo Barge trans- 

portation will be s~pplemented through the use of Lockheed 

Hercules aircraft which will deliver construction materials 

and equipment to the proposed airport. Upon arrival, mate- 

rials will be temporarily stored at a staging area at the air- 

port until truck delivery, via existing logging roads, is 

available to transport the materials to the townsite. 

Facillty Construction and Utility System Installation 

Facility construction estimates (Table 12) generally assume 

the use of wood frame and truss systems for residential units, 

concrete and steel construction for the commercial complex, 

and prefab steel construction for maintenance and warehouse 

facilities. The costs developed are based upon anticipated 

floor area envisioned fo~ each townsite facility, as well as 

estimated unit prices for each type of facility construction. 

Estimates for utility system installations primarily reflect 

the use of package utility systems and an underground utilidor 

for utility distribution. Water, sewer, and solid waste 

facilities have been generally priced on a lump sum basis. 
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However, power transmission and underground utility distribu- 

tion costs are based upon appropriate unit. prices. 

Q/M COsts 

Townsite O/M costs (Table 14) include the operation and main- 

tenance of the townsite, airport, and a 50-person camp facil- 

ity. The costs associated with providing heavy equipment for 

O/M activities should be llmited to the replacement, rehabil- 

itation and maintenance or the same equipment previously used 

for both camp and airport O/M. 
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