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1. Introduction 
 
Today, many rural Alaskans have inadequate water and sanitation facilities. As a result, they face 
unacceptable health risks and an unacceptably poor quality of life. While much has been 
accomplished during the past 30 years, the honeybucket remains the primary form of sanitation in 
scores of communities. 
 
This paper is intended to stimulate discussion about several issues related to operations and 
maintenance of rural sanitation systems. It is based on three premises. The first premise is that 
the gravity of the problem demands that we explore new solutions, even when these solutions are 
partial or risky, and even when they challenge us to adopt new frames of reference, new policies, 
or new institutions. The second premise is that resources are limited and should be used rationally 
and cost-effectively. The third premise is that communities should choose their own sanitation 
systems to the greatest extent possible. 
 
The paper focuses on operations and maintenance issues because so many observers agree that 
proper O&M is crucial to success but severely lacking in many communities today. While I try to 
address concerns raised by others, the views expressed are my own. Section 2 reviews the prior 
recommendations of the Alaska Sanitation Task Force and issues raised during meetings of the 
Federal Field Work Group. Section 3 provides some discussion of these recommendations and 
issues, based on subsequent research. Section 4 provides a simple method for quantifying the 
benefits of preventive maintenance and R&D. Section 5 discusses mechanisms for providing O&M 
assistance. Section 6 provides three case studies of life cycle costs for three different system 
types. 
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2. Review of Previous Recommendations and Work Items 
 
The Alaska Sanitation Task Force (ASTF) fielded an O&M subsidies work group which made three 
recommendations in October 1992: 
 
1. Evaluate a sample of 25 communities to determine actual O&M expenses and user fee 

collections. 
2. Monitor and learn from the Local Utility Matching Program (LUMP) funded by Alaska DEC 

through the Northwest Arctic Borough. 
3. A subsidy program is advisable for communities to close the gap between costs and user 

fees. It should be based on four broad concepts: 
 

 Eligibility based on ability to pay and cost of operation, relative to other communities. 
 Matching concept: community must match part of the difference between individual 

user fee collections and overall cost of service. 
 Minimal competency standards must be met by operators, managers, and users as a 

condition for continuing participation. 
 Federal and State governments should share the burden since both have substantial 

capital investments at risk. 
  

In addition, the ASTF executive summary recommended that: 
 
4. The State of Alaska Power Cost Equalization program (PCE) be maintained and defended, 

as it provides vital low-cost energy supplies necessary to operate sanitation systems. 
 
The O&M breakout group at the July 16, 1993 meeting of the Federal Field Work Group identified 
several issues for further investigation. These included: 
 
5. Monitor the NANA Regional Corporation / Northwest Arctic Borough privatization study for 

lessons and conclusions about the benefits of regional utilities. 
6. Investigate whether there are artificial barriers to the use of waste heat from village power 

plants as a source of heat for piped water systems and water plants. 
7. Consider the extent to which existing funds can be re-directed from capital construction 

towards O&M assistance. 
8. Investigate the costs and benefits of seeking policy changes to allow for the reallocation of 

capital monies into support for O&M 
9. Propose methods for tying O&M subsidies to incentives for proper O&M practices. 
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3. Follow-up to Previous Recommendations 
 
3.1  Comparison of actual financial records to PHS cost estimates  
 
In response to the ASTF's request for analysis of actual data, we worked with State of Alaska 
Department of Community and Regional Affairs staff to identify and obtain the certified financial 
statements for about 30 rural communities judged to have reliable books1. Our initial review of 
the expenses data from these statements indicates that, on average, the overall actual costs of 
operating village water and sewer systems are reasonably close to the estimates developed by 
Public Health Service (PHS) staff for various system types. The PHS estimates, based on their 
experience with cost estimates for past and current projects, are: 
 
 Circulating Piped water/sewer  $1,200 per house per yr 
 Washeteria      $480 per house per yr 
 Conventional Piped water/sewer  $600 per house per yr 
 ATV Haul System      $1,800 per house per yr 
 
Table 3.1 shows how these costs compare to averages of actual expenses for several groups of 
systems. Not shown on the table are costs of flush/tank haul systems. This is due to the lack of 
good "actuals" data in our sample of community expenditures. We discuss flush/tank haul 
system O&M costs in section 6 below. 
 

Table 3.1:
Comparison of Actual Reported O&M Expenses with 

PHS Average Cost Estimates
PHS Actual

# houses Estimate Expenses
Selected Group Totals System Type served $/house $/house
4 Calista Villages / Circ Pipe Circ Pipe 477 1,200 845
7 Calista Washeterias Washeteria 625 480 532
5 Coastal Conventional Piped Conv Pipe 559 600 769
 
 
As a further check on these numbers, we reviewed several detailed cost estimates in PHS project 
summary reports. These estimates are typically quite thorough, especially those prepared for 
vehicle haul systems. Labor rates are in the realistic $12 to $15 per hour range, with additional 
allowance for benefits. Labor hours are calculated based on specific task requirements, and 
overall workloads therefore span a wide range running from 0.3 to more than 2 full time positions. 
Snow removal and road maintenance costs are not included in the estimates, however. Road 
costs are discussed further in Section 6. 
 
On its face, this comparison suggests that the PHS averages may be slightly low for conventional 
piped systems and high for circulating piped systems. However, two of the four communities in the 
circulating pipes sample have suspiciously low expenses, which would explain the discrepancy in 
this category. Overall, given the poor quality of the data and small sample size, we see no reason 

                                            
 1 Our sample was an “opportunity sample” of villages in regions with sanitation problems. 
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to revise the estimates at this time. In fact, it is gratifying that the two approaches are in such close 
agreement. The PHS average cost estimates are used below in estimating the potential cost of 
O&M assistance programs. 
 
 
3.2  After a slow start, the LUMP program appears to be showing promising results 
 
The Local Utility Matching Program (LUMP) is a pilot project which matches user fee revenues 
dollar for dollar up to a cap of $40,000 per village per year, provided the participating 
communities meet certain minimum competency standards. These standards basically boil 
down to: 

 Water & sewer ordinance in place 
 One full-time plus one alternate operator, certified or in-training 
 Initial RMW inspection complete, approved plan for correcting deficiencies 
 Financial plan in place; balanced budget 
 Collection of at least 80% of billed user fees 
 Compliance with water quality testing requirements 

 
As recently as August, 1993, only one village of the 11 eligible for the program had met the initial 
criteria for funding. This slow start led some observers to question whether the program 
requirements were perhaps too stringent. However, the Alaska DEC reported that as of November 
3, seven villages had qualified for entry into the program and are receiving funding. It is too early 
to tell whether the communities will be able to meet the more stringent requirements for continuing 
participation in the program. 
 
 
3.3 Three approaches to a statewide O&M subsidy program are analyzed below. They 

would cost between 4 and 15 million dollars per year -- less than the cost of the 
current Electric Power Cost Equalization Program. 

 
In order to promote discussion of O&M assistance program options, we worked with PHS and 
DEC staff to prepare ballpark estimates of the statewide cost of several O&M subsidy programs. 
These are presented in Section 5 below. 
 
 
3.4 The PCE program is vital to the operation of rural sanitation utilities, but could be in 

financial trouble.  
 
The Alaska Power Cost Equalization Program (PCE) is designed to bring the consumer price of a 
basic amount of electricity in rural Alaska down to a level close to the price prevailing in urban 
Alaska (about 10 cents/kWh). Specifically, PCE reimburses rural utilities for a high percentage of 
the difference between their average cost of producing power and the average cost in urban 
Alaska. 
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Not all power consumption is eligible for reimbursement. Each residential consumer can be 
reimbursed for up to 750 kWh of direct consumption per month. Community facilities (street lights, 
sanitation systems, community centers, washeterias, health clinics, but NOT schools) are eligible 
as a group for subsidy of up to 70 kWh per resident per month. 
 
The latest PCE Statistical Report indicates that approximately 16% ($2.7 million) of total PCE 
payments is for electric consumption of community facilities. Because of the intensive power 
consumption of washeterias, water treatment plants, lift stations, heat tracers, and other 
components of water and sewer systems, and because of the general lack of other heavy power 
users among community facilities, it is reasonable to assume that at least $2 million per year of 
PCE funds are currently being used to support sanitation operations. 
 
Data for individual communities are more compelling. The Alaska Sanitation Task Force found that 
for the month of June, 1992, the PCE program paid between 60 and 70 percent of the sanitation-
related electricity costs for a representative group of 5 western Alaska villages. In one village, this 
meant a subsidy of $50,000 per year. 
 
Until last year, PCE funding enjoyed a measure of political protection because the urban majority 
of the Alaska Legislature needed rural support for several urban energy projects. Now that these 
urban energy projects have been funded, it will be more difficult for the rural coalition to defend the 
program as Alaska faces an ever-increasing fiscal gap between declining oil revenues and 
historical expenditure patterns. 
 
Under legislation signed in May 1993, the PCE program is currently funded out of a so-called 
"Capitalization Fund" which currently contains only $67 million and is therefore likely to earn only 
about $4 million per year in income2. PCE outlays have been about $17 million per year during the 
past five years. If no continuing general fund support for PCE is forthcoming, simple arithmetic 
shows that the "capitalization fund" will be exhausted in about 6 years. Alternatively, the program 
might be cut back in scope to extend the life of the fund. Should this occur, an important issue will 
undoubtedly be the eligibility requirements for community facilities viz. residential consumers 
 
 
3.5 The NANA privatization study suggests that regionalization would cost more than 

current arrangements, although service and O&M would probably be improved. 
 
The NANA / Northwest Arctic Borough privatization study (CH2mHill, 1994)  was an effort to 
evaluate whether a private entity such as the NANA Regional Corporation (an Alaska Native 

                                            
2Memorandum on PCE funding from APUC Commissioner Foster to S. Colt. August 8, 1993. 

PCE Reimbursement Formula: Example

Cost of producing power in rural village 60 cents/kWh
Cost of producing power in Anchorage: 10 cents/kWh

Difference: 50 cents/kWh
x 90%

90 percent of "Difference" is paid by PCE: 45 cents/kWh paid by PCE
remainder of cost is paid by consumer: 15 cents/kWh paid by consumer
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Corporation formed under the Alaska Native Claims Settlement Act of 1971) could profitably 
operate some or all of the utilities in the Northwest Arctic Borough region.The study found that a 
regional utility would face significantly increased costs compared to current village operations, 
although service quality, wages, benefits, and the quality of preventive maintenance would also be 
likely to improve. 
 
In evaluating the results of this study, it is important to keep in mind that profitable operation may 
be too much to ask of a utility operator in rural Alaska. For example, the largest regional electric 
utility, the Alaska Village Electric Cooperative, derives approximately 30% of its total revenue from 
the State of Alaska Power Cost Equalization program. It is also important to remember that at 
least some of the “increased costs” of a well-run privatized utility are costs that are currently being 
paid by the public through the Remote Maintenance Worker, Rural Utility Business Advisor, and 
LUMP programs.  
 
 
3.6 Regulatory and Policy Barriers to the Use of Waste Heat from Power Plants 
 
Concern was raised at a Work Group meeting that there may be barriers imposed by the PCE 
program, the Alaska Public Utilities Commission, or other State agencies that inhibit the use of 
power generator waste heat for sanitation systems. Commissioner Foster of the APUC 
investigated this issue as it relates to the PCE program. He reported back that the APUC, in 
determining whether waste heat-related expenses are eligible for PCE reimbursement, does 
consider whether the waste heat is being sold or bartered for something of value to the utility. If so, 
the allowable PCE expenses are reduced by the amount of what is received.3 
 
Under current PCE regulations, an electric utility can sell waste heat at low cost to a sanitation 
utility so long as it does not just give it away. There are no clear guidelines as to what constitutes 
the "market value" of the heat. The State could encourage waste heat projects to benefit sanitation 
by changing the PCE rules to explicitly allow utilities to give away waste heat while rolling the 
associated expenses into the amount recoverable from the PCE program. Such a policy would 
amount to a further subsidy to sanitation operations from the PCE program. If total PCE dollars are 
limited, such a policy would therefore only shift the limited pot of PCE dollars towards utilities that 
have waste heat projects and away from those that don't. 
 
Further research revealed that the State of Alaska, through the Division of Energy (formerly the 
Alaska Power Authority) funded and still owns about 10 waste heat projects for which it charges a 
waste heat price equal to between 50 and 70 percent of the estimated btu value (to the consumer) 
of the heat sold. According to DOE staff4, one reason for this policy was to ensure that funds were 
available to maintain the equipment. Another was apparently to help sustain the construction of 
additional installations. The State could reduce or eliminate these charges as a means of assisting 
the recipients of this waste heat. However, such a blanket policy would be a poorly targetted use 
of State assistance, since many other facilities besides sanitation use the waste heat from these 
projects. 
 
We also determined that the Alaska Village Electric Cooperative (AVEC) currently makes available 
the “raw” hot jacket water from its diesel generators to other agencies that install waste heat 

                                            
3Ibid. 
4Peter Crimp, Division of Energy, 5/12/94 
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recovery equipment. This is now official AVEC policy dated October 1993.5 The AVEC policy does 
contain an “escape clause” which says that the policy may be rescinded should the PCE program 
suffer a substantial cutback. AVEC also does not allow installation of stack gas recovery 
equipment. AVEC is the largest single rural utility, operating in 52 villages. It is not clear what 
policies other village utilities have towards third-party installation of waste heat equipment. 
 
The basic policy goal should be to encourage waste heat projects which lower the combined cost 
of electricity and sanitation. However, this goal might not be met when the electric utility is focused 
solely on providing low-cost electricity, without concern for the usefulness of waste heat. That is, 
there may be investments in waste heat technology which are cost-effective for the combined 
electric/sanitation system, but which cannot be financed by sanitation user fees alone. 
 
One solution to this problem is to merge the operations of the two utilities. Another approach is to 
encourage the electric utility to consider waste heat needs and opportunities when replacing aging 
generators with new equipment, since it is generally cheaper to build in waste heat recovery than it 
is to retrofit the equipment later. The current AVEC policy, which makes “raw” heat available if third 
parties such as PHS pay for the recovery equipment, is a good one. Other utilities should be 
encouraged to adopt such a policy if they haven’t already. 
 
 
3.7 Other O&M Policy Issues 
 
The Work Group endorsed the idea of investigating the costs and benefits of a policy change 
which would allow capital dollars to be reallocated to cover some O&M expenses. A central 
concern was expressed that any such reallocations be carefully tied to incentives for proper and 
effective use of the funds. These issues are considered in more detail in the sections that follow. 
 

                                            
5See: AVEC Policy re: “Waste Heat Utilization Systems,” adopted 10/1/93. 



O&M Issues in Rural Alaska Sanitation  8/9/94   page 8 
 
 

 

4. Economic Benefits of Preventive Maintenance and R&D 
 
Most engineers and observers with field experience in rural Alaska agree that preventive 
maintenance is critical to protect the public investment in hundreds of millions of dollars of 
sanitation facilities. Because there is hardly any hard data available to support this proposition, the 
following calculations concering the potential benefits of preventive O&M may be useful. 
 
To make the numbers simple, assume that there is a $1 billion stock of sanitation facilities now in 
place in rural Alaska. This estimate is not unreasonable if past expenditures are adjusted for 
inflation to estimate replacement cost. If the average lifetime of these facilities is 20 years, the 
long-run capital replacement cost for the existing stock is: 
 
 ($1 billion / 20 years) = $50 million per year. 
 
If, however, the average lifetime is only 10 years, the annual capital replacement burden doubles 
to a level of: 
 
 ($1 billion / 10 years) =  $100 million per year. 
 
This arithmetic shows that even small increases in facility lifetimes yield significant benefits. For 
example, if the average life can be increased from 15 to 16 years, the benefits from reduced 
annual capital replacements are $4.2 million per year. If average lifetime is currently 20 years, but 
could be increased to 21 years, the benefit would be $2.4 million per year in reduced replacement 
costs. The lower the current average lifetime, the greater the benefits of extending average life by 
one year. 
 
These numbers give engineers, planners and policy makers a benchmark by which to judge the 
worth of preventive maintenance programs. They tell us that when the installed capital base is 
about $1 billion, it is worth investing up to $2.4 million per year in preventive maintenance just to 
extend the average service life of current sanitation facilities from, say,  20 to 21 years. Similar 
calculations could be carried out for specific system components for which design and actual 
lifetimes are known. To maximize benefits, preventive maintenance efforts should be concentrated 
on those components which are more expensive, have shorter -- but extendable -- design lives, or 
seem to be failing prematurely. 
 
There are two further points to note about these benefits. First, the calculations are equally valid 
for any investment in R&D activity which produces longer-lived equipment (such as freeze-friendly 
plastic pipe). Second, the benefits of these life-extending measures will be growing over time as 
more and more facilities are added to the capital stock. 
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5. Preliminary Cost Estimates for O&M Assistance Programs  
 
In this section we present the results of some simple calculations which tally up the approximate 
cost of a statewide O&M assistance program using three different funding concepts. It should be 
repeated that all of these programs should be tied to reasonable performance standards such as 
those required by the LUMP program and listed above in Section 3.2. In addition, it is important to 
remember that these O&M costs generally do not include the cost of capital replacements other 
than vehicles for haul systems. 
 
 
5.1  Option 1: Extended LUMP Program (Revenue-Matching Concept) 
 
The LUMP program is a revenue-matching concept. It matches user fees collected by the utility 
dollar for dollar up to a cap of $40,000 per village per year. It gives the utility a very strong 
incentive to increase or maintain collections of user fees. In the long run, it would allow a 
community to increase its expenses by up to $40,000 per year without increasing user  rates. The 
program is predicated on the idea that communities are currently scrimping on expenses and/or 
not devoting sufficient attention to collecting fees. It is not clear from reading program guidelines 
whether payments made by the State to the communities under LUMP must actually be used for 
water/sewer expenses. That is, the requirements for demonstrating that the money is reimbursing 
actual costs are not obvious. This issue has been a major concern over the years for the Power 
Cost Equalization program (PCE) and should be carefully addressed in any expanded version of 
LUMP. 
 
One modification of LUMP which might be considered prior to expansion is to make the maximum 
annual payment a function of community size; i.e. express the maximum annual payment as a per-
household amount. Although this approach has an appealing quality of fairness, it should be 
tested against the fixed vs. variable nature of system costs. If most system costs are fixed (e.g. 
operator, administration, testing), then it is more fair to provide equal assistance per community. If 
most costs vary with system size (e.g. pumping and heating energy), then it may be more fair to 
provide equal amounts per household. Unfortunately, piped systems seem to have major fixed 
cost elements while haul systems have costs that vary directly with number of customers. This 
point raises a related problem with a LUMP-type program: the current program structure does not 
take account of differences in system costs. 
 
 
Cost of Statewide LUMP Program: If the existing LUMP payment level of $40,000 per 
community per year were expanded to cover the entire state, the cost would be about $8 million 
per year, exclusive of administration costs. This estimate is an upper bound, however, since many 
villages with simple haul systems have estimated total O&M costs less than $80,000 (See, e.g., 
"Rate Study for St. Michael," (PHS, 1993)). The average community size of the 10 Northwest 
Arctic Borough villages (where LUMP is being run as a pilot program) is 65 houses served, while 
the average rural community size statewide is almost the same (about 58 houses served, using a 
PHS list of 183 small villages). This means that the total cost of the expanded program would be 
the about the same under an "equal payments per household" basis as it would be under an 
"equal payments per community” basis. 
 
 
5.2  Option 2: Technology-Based Cost Reimbursement 
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Under this approach, O&M assistance payments would be allocated on the basis of average per-
household system costs necessary for acceptable operation of the technology actually used. That 
is, if a community has a circulating piped system, it would receive $1,200 (say) per household 
towards the operation of that system. If the community had a haul system, it would receive more -- 
$1,800 perhaps -- per household served. To limit the scope of the program to villages with 
demonstrated need, a size criterion of less than 1,000 population has been suggested. Other 
income-based criteria could be employed to further reduce the scope of the program. Initial 
qualifying criteria could be less stringent than current LUMP criteria in order not to exclude the 
villages who need the help the most. A set of incremental improvements could be required or 
encouraged as a condition for continuing participation. 
 
Two variations of this approach are proposed for discussion. The first bases payments on overall 
system type, as illustrated above. This approach offers an important advantage of simplicity: the 
annual payment amounts are fixed and determined by population and technology. There is no 
need for detailed documentation of actual costs, and communities would have no incentive to 
artificially inflate costs, as they do under the current PCE program. 
 
The second variation, a finer-grained version of the same concept, would base payment amounts 
on specific technology components. This practice is currently used in Canada. While the concept 
potentially offers a closer match between need (actual cost) and assistance, it seems to raise the 
administrative burden considerably. 
 
Cost of Statewide Cost-Reimbursement Program: PHS has estimated that a statewide 
program limited to communities with less than 1,000 population would cost $15.1 million for 100% 
reimbursement of basic system costs, assuming all communities were upgraded to at least a 
hauled water and wastewater system. (As stated above, our examination of actual expenses 
supports the accuracy of this estimate.) This $15.1 million Cost is an Upper Bound, for three 
reasons. First, if haul systems are slowly replaced by piped systems, the O&M cost drops 
significantly. Second, if the reimbursement percentage is set at less than 100%, required cost 
drops proportionally. Third, if the program were confined to particularly needy geographic areas, 
costs would be further reduced. 
 
The cost of a more detailed component-based scheme cannot be estimated without detailed data 
on current components. However, there is no reason to believe that the overall cost would be 
much different from the $15 million amount for the system-based approach. 
 
 
5.3  Option 3: "Sanitation Cost Equalization Program" -- Modified PCE Concept 
 
This method of cost sharing is based on the existing Power Cost Equalization program (see 
section 3.4 above for explanation). The PCE program reimburses utilities for a high percentage of 
the difference between  their average cost and the average cost of power in urban Alaska. For 
example: suppose average cost in Anchorage is 10 cents/kWh and average cost in Wainwright is 
60 cents/kWh. PCE pays about 90% of the difference between Anchorage cost and Wainwright 
cost: 
 
 (60-10) * .9 = 45 cents/kWh, leaving the Wainwright consumer to pay 15 cents/kWh. 
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A Sanitation Cost Equalization program (SCE) could be structured in a similar fashion. We used 
the PHS O&M cost estimates to make an initial analysis of such a program. The major assumption 
is that a base level cost is set at $50/house/month or $600/house/yr. This base level is equal to 
the estimated cost of conventional piped utilities, and about equal to the cost of piped water and 
sewer in urban centers such as Anchorage. There would be no reimbursement of costs below this 
level. For costs above this level, communities would receive a fixed annual payment per 
household served, equal to some fraction of the difference between average estimated per-
household cost and $600. By using the PCE concept of a baseline level of "acceptable cost 
burden," the total amount of required subsidy is significantly reduced. 
 
The SCE concept differs from the current PCE program because the reimbursements would be 
fixed (for given technology types) and thus preserve a utility's incentives to keep costs under 
control. There will always be some tension between the twin goals of encouraging more spending 
on valid O&M practices and encouraging less spending in the name of efficient operations. Right 
now it seems that most communities need to be spending more, rather than less, on sanitation 
O&M. However, the situation could change rapidly if subsidy money became available. The use of 
fixed payments based on average system costs will serve as an effective deterrent to bloated 
expense budgets without deterring prudent expenses. 
 
Cost of Statewide SCE Program: The total amount by which village sanitation O&M costs 
exceed base level costs would be about $9 million maximum. So a reimbursement rate of 100 
percent of costs above the base level could cost $9 million. Actual program cost would depend on 
the reimbursement percentage. The current PCE rate of 90% reimbursement would yield a 
maximum program cost of $8 million. These estimates are also "long-run" because they assume 
that all villages have been upgraded to at least a hauled water/sewer system. Initial costs would 
be lower, because many villages currently have the low costs (and low service levels) of 
honeybucket systems. Also, costs would ultimately be lower than $9 million to the extent that 
villages develop piped systems with O&M costs lower than haul systems. If all villages could 
ultimately substitute a circulating piped system for the combination of washeteria and haul system, 
eligible costs could drop as low as $4.4 million. 
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6. Case Studies of Life-Cycle Costs 
 
This section presents three case studies of the life-cycle cost (capital plus operating) of sanitation 
systems using three different technologies: light truck flush/tank, ATV flush/tank, and circulating 
piped water with vacuum piped sewer. The systems serve different places and deliver distinctly 
different levels of service, so their costs are clearly NOT comparable on an “all else equal” basis. 
We review costs, not benefits. Any comparison of these costs is a comparison of apples with 
oranges. In the real world, however, people and governments make choices based on both 
benefits and costs. Piped utilities clearly provide vastly improved benefits compared to 
honeybuckets, but scores of villages do not currently have piped utilities, because of their high 
costs. 
 
 
6.1 Split Incentives, the O&M Funding Trap, and the Importance of Life-Cycle Cost. 
 
Life-cycle costs are important because scarce public dollars can bring sanitation improvements 
more rapidly to more people when they are used to build systems with lower capital costs. The 
Alaska Sanitation Task Force report recognized this possibility. It suggested: 
 

“To reduce costs, use haul systems rather than piped utilities.” (ASTF, 1992, p. 15) 
 
Under current policy, however, no community has any reason to choose a system with low capital 
costs. That’s because state and federal agencies typically pay for 100% of capital costs, while the 
community pays for 100% of the O&M. The sensible community will choose a system which offers 
acceptable O&M costs and the highest possible level of service, without regard for capital cost. 
The predictable result of these split incentives is that communities will choose more expensive 
(usually piped) systems over less expensive alternatives. The lucky few get piped systems, but at 
current funding levels, others may have to wait a very long time. 
 
A second reason why life-cycle costs may deserve more attention is that some communities 
cannot afford all the O&M for any  improved systems at all. They cannot afford the O&M for pipes. 
They cannot afford the even higher O&M for ATV- or truck-based flush/tank systems. Perhaps 
they cannot even afford the O&M for honeybucket haul. These places are caught in the O&M 
funding trap. It is extremely difficult for them to tap in to available construction funding, even if the 
resulting capital expenditures would be minimal. 
 
 
6.2 Using Lower Total Cost as one Tool for Building Affordable Systems 
 
From a purely economic perspective both of these problems could be solved, at least in part, if 
public policy allowed agencies and communities to work together to choose and install systems 
based on lower total cost, with less regard for the distinction between capital costs and O&M 
costs. Under such a LTC plan, funding agencies might be given some discretion to reallocate 
construction dollars into long-term support of O&M on a case by case basis, when such a 
reallocation reduced total system costs. In these cases, the savings in total cost could be shared: 
Users could pay lower utility rates, some places could escape the O&M funding trap, and more 
systems could be built more rapidly as a bridge to the future day when piped systems can 
hopefully be provided to all. 
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Of course such a plan poses serious political risks. Chief among them is the risk that the O&M 
portion of the public funding stream might dry up shortly after the construction dollars have been 
spent. One way to avoid this would be to establish an O&M support fund as part of the 
construction cost. This is standard practice among some private non-profit institutions (such as 
colleges) when constructing new buildings, and the concept has long been recommended by 
Alaskan economists (eg, Goldsmith 1985) as a rational way to use the State’s one-time oil wealth 
to sustain government services. 
 
Clearly, the validity of the LTC approach for a specific community depends on how much overall 
cost savings are actually possible for that community. These savings and the possibilities for faster 
elimination of the honeybucket must be balanced against the lower service levels and lower health 
benefits of a flush/tank system. The choice should always be the community’s, and the choice 
should not depend on artificial distinctions between capital cost and operating cost. Use of the 
LTC criterion should never be the basis for a “take-it-or-leave-it” program that requires a 
community to choose between the lowest life-cycle cost option and nothing at all. The important 
point is that choices are currently distorted because the community must consider all of the 
operating costs but none of the capital cost. The ability to remove this distortion could be a useful 
tool in specific places and circumstances. In essence, it would allow for more local self-
determination of how sanitation funds are spent. 
 
 
6.3 Basis for Presentation of Case Studies 
 
With this context established, we now present and discuss three illustrative case studies of system 
costs. Clearly, every village is unique and faces unique costs of building and operating various 
systems. Only a community-level analysis of technically feasible alternatives can produce accurate 
cost comparisons for a specific place. The case studies shown here are for different places. We 
used actual examples for two reasons. First, the data do not exist to determine statistical averages 
of actual costs for flush/tank systems in Alaska. Second, we lack the engineering skills to draw up 
hypothetical cost estimates from scratch.6 
 
It bears repeating that the three specific systems analyzed here provide fundamentally different 
levels of service. The flush/tank systems provide a minimal level of hauled water and 
wastewater service which eliminates the honeybucket. The Emmonak piped system can provide 
more than 10 times more water flow through a system equivalent to that of a modern American 
city. It goes without saying that people living in twentieth-century America have a strong 
preference for piped utilities. Piped systems provide the full health benefits and convenience of 
in-house running water sufficient for bathing and laundry. 
 
A third important point to keep in mind when evaluating actual costs is that specific system costs 
depend heavily on what infrastructure is already in place. Piped systems typically require a 
complete “whole-system” installation of specialized equipment. Pre-existing water treatment 
plants, storage tanks, and (perhaps) lagoons have inadequate capacity to serve the increased 
flows of a piped system. Flush/tank systems, on the other hand, may be able to make some use of 
pre-existing gravel roads, boardwalks, washeterias, and storage tanks. Roads and boardwalks, in 
particular, are useful for other things besides hauling water. That is why in some cases they 

                                            
6Doyle (1993) presents such an engineering analysis of normalized costs for a hypothetical design 
community of 100 housholds. He, too, recognizes that actual comparisons are required. 



O&M Issues in Rural Alaska Sanitation  8/9/94   page 14 
 
 

 

already exist, and why in other cases they can be funded from other sources of money, such as 
federal highway funds. Obviously when such infrastructure does not exist its cost must be counted 
as part of the cost of a flush/tank system. 
 
To make the capital costs somewhat more comparable, we present two sets of capital cost 
numbers for each of the the two examples that use flush/tank technology. The “incremental” 
capital cost is basically the actual estimated project cost, which in both examples makes use of an 
existing storage tank, treatment plant, washeteria, lagoon, and gravel roads or limited existing 
boardwalk. The “whole-system” capital cost includes cost items for new roads or heavy-duty 
boardwalks, new water treatment plant, new water storage tank, and a lagoon upgrade. See the 
appendix for a more detailed discussion of cost assumptions and adjustments. 
 
All future costs are converted to present values using a real (above inflation) discount rate of 3%.7 
 The assumed economic lifetime of all systems is twenty years. Within that lifetime, trucks are 
replaced at 8 year intervals and ATVs at 5 year intervals. Both the whole-system and the 
“incremental” capital cost versions of capital cost include the discounted present value of one-half 
of the washeteria/water plant cost after 10 years of operation. This cost reflects the short service 
life of the “innards” of a washeteria. 
 
 
6.4 System Descriptions 
 
Case Study 1: Buckland Light Truck Haul System. This project, due for construction in summer 
1994, will provide trucked water and sewage for 85 homes in the Northwest Alaska village of 
Buckland. To accommodate increased wastewater flows, a new 1.5 acre lagoon and 1 mile 
access road are included in project costs. The light truck haul system will employ two vehicles to 
deliver water to a 232 gallon tank and remove sewage from a 350 gallon tank, at the rate of about 
480 gallons per household per month. This works out to about 4 gallons per person per day, which 
is not enough to allow showers and laundry in the home. The existing washeteria will be retained. 
 
Because it makes use of the existing washeteria, storage tank, and some gravel roads, the project 
has a low incremental capital cost of about $25,000 per house served. If new local roads and/or 
driveways were required, these alone could add between $8,000 and $24,000 per house to capital 
costs. The exact amount depends on gravel requirements and gravel availability. O&M costs for 
the Buckland system are high -- about $2,000 per house per year, if one assigns the full estimate 
of $300 per house per year for road maintenance and snow removal to the sanitation system. 
 
 
 
Case Study 2: Mekoryuk-type ATV Flush/Tank System. This example is based on pilot studies 
in the village of Mekoryuk of a flush/tank system which would use ATVs or snowmachines to haul 
100 gallon tanks of water or wastewater. The ATV would deliver about 80 gallons of water to each 
house and, making a separate trip, remove about 80 gallons of sewage from a holding tank. Like 
the Buckland light truck example, this system eliminates individual water haul and direct contact 
with waste. It would allow the user to draw limited amounts (perhaps up to 6 gal/person/day) of 

                                            
7This is equivalent to a nominal interest rate of about 7.5%, if inflation of 4.5% is assumed. A higher 
interest rate reduces the life-cycle cost of O&M-intensive systems, such as flush/tank, relative to piped 
systems. 
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running water from the water tank and to flush a low-flow toilet directly into the sewage holding 
tank without having to handle the waste. Because this system is untested for large numbers of 
households, the estimated costs must be considered very preliminary. 
 
Although the demonstration community of Mekoryuk has sand roads, the technology shows most 
promise for the coastal lowlands of Southwest Alaska which depend on boardwalks for summer 
ATV travel. We therefore increased both the whole-system and incremental capital costs to 
include boardwalk construction. (See the appendix for details.) At a current cost of about $150 per 
foot, heavy-duty boardwalks would be the largest component of whole-system capital costs at 
about $13,000 per house for a complete new layout. In-house plumbing and tanks are next at 
about $5,000 per house. The adjusted capital costs for this ATV flush/tank example are still 
relatively low, at about $41,000 per house for a “whole-system” installation. The incremental 
capital cost assumes an existing washeteria, tank, and lagoon, and assumes that one half of the 
required boardwalk could be built by reinforcing existing boardwalk, while the other half would still 
need to be built from scratch. Under these assumptions, the incremental capital cost drops to 
about $22,000 per house. 
 
The estimated O&M costs for this system have been scaled up from the manufacturer’s figures 
(Cowater, 1993) to reflect a hypothetical water delivery rate of 6 gal/person/day. Because ATV 
hauling capacity is limited to 100 gallons per trip8, this delivery rate would require 2 deliveries and 
2 wastewater hauls per house per week, which might prove to be logistically difficult, although it is 
apparently the norm in Canada. At this rate, annual O&M would cost about $2,300 per 4-person 
household, which is almost certainly unaffordable for most people. Lower levels of service are 
possible without sacrificing health benefits, according to the consultant that manufactured and 
installed the pilot system.9 However, service levels below 6 g/p/d have not been shown to provide 
clear health benefits in past studies.10 
 
Case Study 3: Emmonak Circulating Piped Water / Vacuum Sewer System. This example is 
based on actual costs of a piped utilities system installed during the past decade in the western 
coastal village of Emmonak. The system serves 165 households with piped water and vacuum-
piped sewage collection. The Emmonak system provides a very high level of service to its users 
-- up to 80 gallons per person per day -- and has a very high capital cost of about $12.6 million 
in today’s dollars, or $76,000 per house. It also has fairly high operating costs -- about $1,100 
per house per year -- but these are only about one half the estimated annual O&M for the 
Mekoryuk system operating at 6 g/p/d. Furthermore, because the system is able to provide safe 
water to a connected school, some of these O&M costs are actually paid by the school district. 
 
 
6.5 Discussion of Costs 
 
Table 6.1 summarizes the life-cycle costs of the three systems just described, using the “whole-
system” basis for counting capital costs. Because the gravel requirements of a light truck system 
could easily be three times as high as they are in Buckland, the whole-system capital cost of the 
Buckland-type light truck system is shown as a range. Assuming gravel requirements equal to 
                                            
8100 gallons is maximum capacity. Effective capacity would be about 80 galllons delivered or removed. 
9Letter from Steve Abbott, Cowater International, to Jim Patterson, Alaska DEC, dated 5/25/94. Abbott 
feels that 3 g/p/d is reasonable for 8 toilet flushes, hand washing, and kitchen sink use. He also suggests 
that if people can choose varying service levels, many will probably choose fewer than 6 g/p/d. 
10Jim Crum, Alaska Area Native Health Service, personal communication, 6/20/94.  
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Buckland’s (the low end of the potential range), the Mekoryuk ATV and Buckland light truck 
flush/tank systems have approximately equal overall costs, with the lower capital requirements of 
the ATV system offset by its higher annual O&M costs. The Emmonak system is expensive, with a 
whole-system capital cost of almost $80,000 per house that is partially offset by lower O&M costs 
of about $1,100 per year. Even so, if gravel requirements (or costs) were equal to three times 
those in Buckland, a light truck system would have a higher life-cycle cost than the Emmonak 
piped example. 
 

Table 6.1:
Approximate Cost Comparison of

Whole-System 20-year Life-Cycle Costs per Household

for Selected Rural Alaska Sanitation System Case Studies (1)

(Costs in present value of 1994 dollars, discounted at 3%)

Present Value Total Life-Cycle
Level of Capital Annual of 20 Years Cost

Case Study Service Cost O&M Cost O&M Cost (Capital + O&M)
Buckland light 4 gal/person/day 47,000 -- 77,000 --

truck flush/tank plus washeteria 69,000 (2) 2,000 29,000 99,000

Mekoryuk 6 g/p/d plus

ATV flush/tank washeteria (3) 42,000 2,300 34,000 76,000

Emmonak circ. 60-80 g/p/d,
pipe/ vac sewer full piped service 80,000 1,100 17,000 97,000
Notes:
1. "Whole-System" cost basis includes cost of washeteria, water plant, lagoon, storage tank, and
      gravel roads or heavy-duty boardwalks, as appropriate.
2.  Range for light truck capital costs reflects highly variable gravel requirements and costs. 
3.  ATV Flush Tank system delivering 6 g/p/d requires 2 deliveries per house per week.

 
 
 
Since many villages already have some washeterias, water tanks, lagoons, and roads or 
boardwalks in place, it is also useful to consider life-cycle costs using incremental capital costs. 
These are shown in Table 6.2. As the table shows, when roads, treatment plants, tanks, and 
lagoons are already in place, the flush/tank examples can have significantly lower incremental 
costs than to pipes. For example, the capital cost of the Mekoryuk ATV system example drops to 
$21,000 per house, only about one qarter that of the Emmonak capital cost. The overall life-cycle 
cost of the ATV example drops to $55,000 per house, just slightly more than half the life-cycle cost 
of pipes. 
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Table 6.2:
Approximate Cost Comparison of

Incremental 20-year Life-Cycle Costs per Household

for Selected Rural Alaska Sanitation System Case Studies (1)

(Costs in present value of 1994 dollars, discounted at 3%)

Present Value Total Life-Cycle
Level of Capital Annual of 20 Years Cost

Case Study Service Cost O&M Cost O&M Cost (Capital + O&M)
Buckland light 4 gal/person/day
truck flush/tank plus washeteria 25,000 2,000 29,000 54,000

Mekoryuk 6 g/p/d plus

ATV flush/tank washeteria (2) 21,000 2,300 34,000 55,000

Emmonak circ. 60-80 g/p/d,
pipe/ vac sewer full piped service 80,000 1,100 17,000 97,000
Notes:
1. "Incremental" cost basis assumes existing washeteria/WTP, lagoon, tank, local roads,
     and that 1/2 of boardwalk requires upgrade only.
2. Mekoryuk-type ATV Flush Tank system delivering 6 g/p/d requires 2 deliveries per house per week.

 
 
 
It is also useful to break the life-cycle costs down into a few simple components. Figures 6.1 and 
6.2 show these breakdowns using the whole-system and the incremental cost basis, respectively. 
Figure 6.1 highlights the importance of road or boardwalk costs in determining total capital cost for 
a whole-system installation. It is easy to see that if roadway costs were double or triple what is 
estimated here, the flush/tank systems could easily cost more -- on a life-cycle basis -- than the 
Emmonak example. 
 
Both figures show the labor-intensive nature of the flush/tank systems. Although this represents a 
high cost burden for users, it also means ongoing local employment for the flush/tank system 
operators. Much of the “other O&M” component represents utilities costs for the piped system and 
vehicle maintenance for the flush/tank systems. Vehicle replacements are shown as a separate 
item because they are currently treated as an O&M item but could be thought of as capital. This 
issue is discussed in section 7 of this report. 
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Figure 6.1:

Components of Whole-System Life-Cycle Costs
1994 $ per house over 20 years @ 3% (real)

Flush/Tank Flush/Tank Flush/Tank Circ. Pipe/
Light Truck Light Truck ATV vacuum sewer
low gravel high gravel

requirements requirements
Roads/Boardwalks 11,200 33,500 13,300 0

Other Capital 35,800 35,800 28,500 79,700
Labor 12,300 12,300 23,500 7,600

Vehicle Replacement 3,300 3,300 2,000 0
Other O&M 13,900 13,900 8,500 9,300
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Figure 6.2

Components of Incremental System Life-Cycle Cost
1994 $ per house over 20 years @ 3% (real)

Flush/Tank Flush/Tank Vacuum/
Light Truck ATV Circ. Pipe

Buckland Mekoryuk Emmonak
Roads/Boardwalks 2,900 8,900 0

Other Incremental Capital 21,800 11,800 79,700
Labor 12,300 23,500 7,600

Vehicles Replacement 3,300 2,000 0
Other O&M 13,900 8,500 9,300
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6.6 Trading Lower Levels of Service for Lower Total System Costs by Building 
Flush/Tank Systems with O&M Support 

 
Flush/tank systems offer lower levels of service than pipes, but may offer lower life-cycle costs. 
The Alaska Sanitation Task Force report suggested that some communities might wish to make 
this trade-off if they could receive a flush toilet sooner: 
 
 “Residents desire flush toilets, not necessarily piped sewers.” (ASTF 1992, p. 15) 
 
The estimated costs shown above can be used to suggest one way that this could be 
accomplished while maintaining or reducing overall life-cycle costs. The mechanism used is an 
O&M support fund. The steps are summarized in Table 6.3. 
 
It would take an annual support payment of about $1,700 per house to close the gap between the 
$2,300 total O&M cost of the Mekoryuk ATV Flush/Tank system (at 6 g/p/d) and the acceptable 
level of $600 per house in user fees. This annual support could be sustained for 20 years by a 
maintenance fund that initially contained about $25,300 per house. That is, the $25,300 amount, 
plus interest accruing on the fund balance, could be drawn down at the rate of $1,700 per year for 
20 years. Therefore, the total incremental capital cost of installing the ATV system and 
establishing the maintenance fund is about $46,300. 
 
When this total initial cost of $46,300 is compared to the Emmonak construction cost of $80,000 
per house, it is easy to see that even after paying for the maintenance fund, 70% more houses 
could be be served per dollar of public spending on the “Mekoryuk option” than could be served 
using the “Emmonak option.” In addition, users in this scenario would pay only $600 in annual user 
fees, rather than $1,100 for circulating piped service.  
 

Table 6.3:
Potential Costs of ATV Flush/Tank Example with Maintenance Fund

Compared to Circulating Piped Example
$ per House

Annual O&M Cost of Mekoryuk type ATV Flush Tank delivering 6 g/p/d 2,300
less: Acceptable Annual O&M User Fees 600

= Required Annual O&M External Support 1,700

O&M Fund amount required to provide $1,700 per year for 20 years 25,300
plus: Incremental Capital Cost of Mekoryuk-type ATV flush/tank 21,000

= Total Cost of construction and maintenance fund for ATV flush/tank 46,300

Compare to construction cost of Emmonak piped system 80,000
Cost Savings available to apply to other homes 33,700

Annual O&M Cost to Users:
Current User Cost of Emmonak-type piped system: 1,100

less: Potential User Cost of Mekoryuk-type system, after external support: 600
= Potential Annual Savings to Users: 500

 

6.6  Timing and Implementation Issues 
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Legitimate concerns have been raised about whether the use of the flush/tank option might “lock 
in” a community to twenty years of minimal service. There are two dimensions to this concern. The 
first is political and ethical. It would be extremely bad public policy to force a community to lock 
itself in to 20 years of haul service in order to receive a share of the life-cycle benefits in the form 
of O&M support. However, in order for the use of transitional flush/tank systems to actually lower 
the overall cost of service over time, the systems must be used for a period of time sufficient to 
amortize the major capital costs. It would make no economic sense to install haul systems only to 
abandon them after 1 year. 
 
This hard fact brings up the second dimension of concern: If communities are able to move on 
from a flush/tank system to pipes after only a few years, how many years of flush/tank operation 
are sufficient to achieve real cost savings? This is an important question which will have a different 
answer in different places. A sample calculation using the Mekoryuk and Emmonak numbers 
above shows that 5 years of operation would be sufficient for the Mekoryuk system to produce 
lower life-cycle costs than the Emmonak system11. What this means is that It would be cost-
effective to install a Mekoryuk-type ATV system even if it were only used for 5 years. The short 
period of time is due to the fact that a large part of the Mekoryuk system life-cycle costs are annual 
O&M costs. 
 
This example shows that there would have to be some understanding by the community that the 
flush/tank system would have to be used for some period of time before the funding agency could 
provide additional construction funding. The community would also have to acknowledge that the 
O&M support fund was only available to support the O&M of a flush/tank system. Nonetheless, 
five to ten years does not seem like an unreasonable period of time between major funding 
commitments. System planning could of course proceed during this period, and the community 
would have a chance to demonstrate its operation and management capabilities. 
 
Additional concerns have been raised about the perceived inequities and administrative difficulties 
that might develop if each community had a unique fiscal relationship with a funding agency. It is 
hard to see how perceived inequities would be a problem if the community choosing the lower 
level of service made the choice freely and received O&M support in lieu of capital dollars. If a 
neighboring community chose to wait for a piped system, that would be its free choice also. There 
certianly are gross disparities today between communities, and it seems plausible that the greatest 
perceived inequities are felt by those communities still using honeybuckets. 
 
Administrative difficulties could be a real problem, especially in places where the flush/tank system 
was added incrementally to only part of the community, or in places that were partially covered by 
piped utilities and partially served by flush/tank. For this reason, as well as equity concerns, some 
members of the Federal Field Work Group feel that legislative appropriations for construction 
should be provided separately from appropriations for O&M support. That is, they feel that 
construction should be funded as a public works construction program while O&M support is 
funded as a revenue-sharing program. 

                                            
11This calculation compares the cost of two “plans” for providing service forever. In plan 1, an Emmonak-
type piped system is used immediately and forever (replaced every 20 years). In plan 2, a mekoryuk-type 
system is built and used for 5 years, during which time all the incremental capital costs must be 
amortized. Beginning in year 6, the annual costs of a piped system are incurred forever (system is 
replaced in year 26,46, etc.). Plan 2 has a lower life-cycle cost than Plan 1. When the flush/tank system is 
only used for 4 years, Plan 1 has a lower cost. 
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This separation of appropriations is a good idea, so long as the allocation of the O&M support 
funds is somehow tied to the choice of a system with lower overall  cost. If O&M support is not 
linked to a cost-effectiveness test, then communities will continue to choose only piped systems, 
but with some dollars diverted to O&M, even fewer systems could be built than currently. This 
outcome would seem to make matters worse, not better. 
 
 
6.7  Implications 
 
It is important not to read too much into this analysis. It compares the cost of apples in Buckland 
and Mekoryuk to the cost of oranges in Emmonak. The flush/tank systems provide basic hauled 
water and sewer service which eliminates the honeybucket and may provide significant health 
improvements if washeterias and service levels of 6 gal/person/day can be maintained. The 
Emmonak piped system can provide 10 times as much water flow with attendant health benefits 
and the convenience of showers and laundry in the home. 
 
Nonetheless, the examples of these three communities show that there may be significant 
potential in some places to trade off lower levels of service and lower health benefits for lower life-
cycle costs and quicker installation. Currently, communities are unable to take advantage of such 
opportunities, should they exist. A policy change would be needed to allow a community and a 
funding agency to negotiate a long-term agreement that provided for continuing O&M support to a 
system with a lower level of service. The rationale for considering such a policy change is that in 
certain instances overall costs could be reduced and the savings shared in such a way that O&M 
was made affordable to users and people in other places could receive system improvements 
sooner. 
 
To repeat, the basic lesson of this section is simply that there may be overall savings to be had by 
using transitional flush/tank systems in some places, particularly where boardwalks or roads are 
already in place or can be funded from other sources. When overall savings are available, they 
can in principle be shared so that everybody benefits. 
 
To translate principle into practice will be difficult. There are serious issues and problems involved 
with implementing the required policy changes. Some have been mentioned above. Others will 
undoubtedly arise if the concept is further clarified and tried out. But taking no action is also a 
policy decision. Taking no action means that almost all funding will remain allocated to capital 
construction and that communities will continue to make distorted choices based solely on O&M 
costs and quality of service. 
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Appendix: 
 Notes on Cost Calculations for Life-Cycle Cost Examples 

 
The numbering of these notes corresponds to references in the “notes” column of the detailed 
cost estimate spreadsheets which are shown at the end of each discussion. 
 
Example 1: Buckland Light Truck Haul 
 
1. In-house plumbing estimated using latest per-house figures from Amendment 1 to AN 

93-A09 Project Summary, applied to all 85 houses. 
 
2. Vehicles Capital cost based on latest vehicle cost data from Amendment 1. Also, garage 

cost is increased from 20,000 to 40,000.: 
 

number item unit cost total cost
2 vehicles 73,500 147,000
1 trailer 20,000 20,000
1 renovate garage 40,000 40,000
1 facility plan 5,000 5,000
1 Vehicle O&M 10,000 10,000

Total to Schedule 1 222,000  
 
3. Lagoon and access road from AN 93-A09. 
 
4. Misc. capital shown here is from Amendment #1. WTP mods are excluded since the cost 

of a new WTP are included below under “adjustments.” Initial Vehicle and system O&M 
are included in capital cost because PHS pays for them. 

 
5. Local gravel roads based on author’s assessment of Buckland aerial photos indicating 

36 meters of local road per house. PHS estimated cost of $230/meter per D. Moore. 
Note lagoon access road also costed separately (note 3 above.). Due to variability in 
gravel requirements (eg, for driveways) and gravel cost, the total cost of local roads plus 
road to lagoon is assumed to be potentially 3 times as high as estimated for Buckland 
conditions. This range of gravel costs potentially adds $1.9 million to whole-system 
capital costs.  

 
6. Initial washeteria/WTP cost = $1 million (per Don Moore and review of Buckland actual 

installation cost ($700,000 in 1983 inflated to 1994$ = $894,000)). 
 
7. Washeteria/WTP capital replacement cost is computed assuming 1/2 of initial cost must 

be replaced after 10 years. Discounted present value of $500,000 is shown. 
 
8. Storage tank capital cost based on 200,000 gal @ $1/gal. 
 
9. “Whole System” cost basis includes all components previously listed, as if no roads, 

WTP, or lagoon existed. 
 
10. “Incremental” cost basis based on actual facilities in place at time of project. This cost 

includes the capital replacement of 1/2 of W/WTP cost after 10 years. 
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11. Light Truck O&M costs shown here are based on Canada model as adapted by D. Baer. 
According to D. Moore, some PHS staff feel that significantly lower labor costs are 
possible. Therefore, these costs are labelled as an upper bound. 

 
12. Vehicles amortization is calculated using sinking fund method (rather than capital 

recovery factor) since initial investment is provided as part of capital cost. 
 

Vehicles amortization detail
0.03 discount rate (real)

8 lifetime
Water (same for sewer)

73,500 vehicle
10,000 trailer
83,500 total

0.112456 sink fund factor
9,390 annual payment  

 
13. 480 gal/house/month * 12 months * 85 houses. 
 
14. Net cost based on gross washeteria O&M cost of $480/house/year. Less, estimated cost 

of $400 for in-home hot water and cost of appliances. (Average hot water use in urban 
areas is 5,000 kWh/yr for electric water heater.) 

 
15. Road Maintenance costs based on review of actual costs reported by 6 communities in 

interior Alaska: 
 
Place Amount Occ. Houses $/House Year
McGrath 42,414 175 242 1990
Noorvik 11,159 107 104 1990
Nulato 42,643 90 474 1990
Kaltag 5,438 63 86 1990
Nikolai 27,000 40 675 1990
Tanana 23,183 123 188 1990
Average 295  
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Example 1: Light Truck Haul (Buckland, with road costs)
System Type Truck Haul water and sewage
Level of Service 4 gal/person/day to house, plus washeteria
Location Northwest Alaska
Construction Year 1994
Total Households served 85 1990 Census population 318
basis for costs PHS estimates, adjusted by author. See referenced notes.

Initial Capital Costs per AN-93-A09 and Amend 1 thereto Total Cost $ per HH See note #:
House Plumbing (adjusted to 85 houses) 486,625       5,725 1
Initial Vehicles (2 ea @ 1994 cost, 1 trailer) 222,000      2,612      2
Lagoon 300,000 3,529      3
1 mile road to Lagoon 250,000 2,941      3
Intake mods, initial O&M, freight, gravel 241,250 2,838      4
Contingency 15% 224,981       2,647      
Total Project Capital Cost 1,724,856    20,292    

Adjustments to Capital Cost to Account for Existing Facilities
Local roads @ $230/meter * 36 meters/house 698,214       8,214 5
Washeteria/WTP Initial Capital Cost 1,000,000    11,765    6
Capital replacement of 1/2 W/WTP cost after 10 years 372,047 4,377      7
Storage Tank Capital Cost 200,000 2,353      8

Adjusted Whole-System Capital Cost 3,995,117  47,001  9
Potential Additional Road costs (2 * (250,000 + 698,214)) 1,896,429  22,311  5
High Whole-System Capital Cost Estimate 5,891,546  69,312  5

Incremental Capital Cost 2,096,903  24,669  10
     uses existing local roads, washeteria, and tank but includes replacement of 1/2 W/WTP after 10 yr

Projected Annual O&M Cost per Canada/Baer Model (probable upper bound) 11
Rate Cost $/HH/

Amount units $/unit $/yr year
Water Delivery

Labor 1,601 hrs 18 28,812 339         
Vehicles O&M 14,466 170         
Vehicles amortization 9,390           110         12
Garage O&M 600 7             

Total Water Haul Cost 53,268         627         
Sewage Haul

Labor 2,300 hrs 18 41,394 487
Vehicles O&M 17,318 204
Vehicles amortization 9,390 110 12
Garage O&M 600 7

Total Sewage Haul Cost 68,701 808

Water production 489,600 gal/yr @ 0.03 14,688 173 13
Washeteria O&M net of consumer savings on DHW/laundry 6,800 80 14
Road Maintenance and Snow Removal 25,079 295 15
Total Annual O&M Cost 168,536 1,983

Whole-System 20-Year Life Cycle Cost at 3% Real Discount Rate
Total $ $ per HH

Capital Cost 3,995,117    47,001 9
Present Value of 20 Years O&M 2,507,395 29,499
Total Whole-System Life-Cycle Cost -- Buckland Light Truc 6,502,512 76,500
High Estimate (3X Gravel Road costs) 8,398,941 98,811 5

Incremental 20-Year Life Cycle Cost at 3% Real Discount Rate Total $ $ per HH
Capital Cost 2,096,903    24,669 10
Present Value of 20 Years O&M 2,507,395 29,499
Total Incremental Life-Cycle Cost -- Buckland Light Truck H 4,604,298 54,168
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Example 2: ATV Flush Tank Haul System Based on Mekoryuk Project 
 
16. ATV Flush tank plumbing costs assumed to cost slightly less than Buckland light truck 

plumbing costs, due to smaller size of holding tanks. 
 
17. The Cowater report calculated that each vehicle would need to be in service for 657 

hours per year to serve 30 homes at 3 g/p/d. I assume that each vehicle could provide 6 
g/p/d service to 90 homes by operating at 1304 hours per year (about 4 hours per day). 
This implies 3 sets of vehicles. A fourth set of vehicles (and trailers) is added to the 
capital cost to allow for downtime. 

 
Mekoryuk Vehicles Detail

6,000 sewer vehicle
6,000 sewer haul tank
2,000 sewer trailer
6,000 water haul vehicle
6,000 water haul tank
2,000 water haul trailer

28,000 total capital for hauling 3 gpd to 30 HH
4 increase factor for 90 houses and 6 gpd

112,000 Vehicle capital cost  
 
18. Heavy duty boardwalk cost based on unit cost of $150/ft. Required length of new 

construction estimated from village project summaries per detail: 
 
Heavy Duty Boardwalk Cost Detail

amount units Rationale/Source
Cost Est.: 150 $/foot New --PHS personnel at 5/9 review meeting

50 $/foot Upgrade
150 $/foot Adopted cost, assumes all boardwalk is new

Length: Nunapitchuk data
10,000 feet Nunapitchuk estimate (AN-89-986)

93 houses 57+21 existing plus 15 new HUD (AN89-986)
108 feet/house

Kasigluk Data
4,550 feet Kasigluk HB Haul system (AN-91-063)

85 houses Kasigluk HB Haul system (AN-91-063)
54 feet/house

Atmautluak
7000 feet Atmautluak HB Haul system (AN-92-85)

67 houses
104 feet/house

average: 89 feet/house avg of 108, 104, 54
13,277 $/house for heavy-duty boardwalk  

 
19. Cowater report made no specific assumptions about garage space. For 4 times 2 = 8 

vehicles, garage is clearly required. Garage O&M of $1,200 is based on Buckland 
estimated garage O&M. 
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20. Cowater report estimated 657 hours of direct labor for service at 3 g/p/d to 30 houses. 
This figure is multiplied by 6 to derive labor estimate of 3,942 hours per year per service 
(water and sewer). 

 
21. Cowater report estimated $1,960 for two vehicles serving 30 houses at 3 g/p/d. This 

figure is multiplied by 6 to estimate repairs and spares for 90 houses at 6 g/p/d. 
 
22. Vehicles and trailers replaced at 5 year interval. Cost estimated using sinking fund 

method since initial cost is provided for in capital cost. 
 

ATV vehicle replacement detail

real discount rate = 0.03
life = 5 years

vehicles principal = 64,000 (vehicles and trailers)
sinking fund factor= 0.188354571

so annual cost is 12,055  
 
23. 6 g/p/d * 4 persons/house * 365 days/year * 90 houses 
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Example 2: Flush Tank and ATV Haul System -- Based on Mekoryuk System
Extrapolated to 6 g/p/d and 90 houses served

System Type Flush Tank and ATV Haul System
Level of Service 6 gal/person/day water delivery plus washeteria
Location Southwest Alaska
Construction Year 1994 (prospective)
Total Households served 90 (illustrative)
basis for costs Cowater Estimates adjusted by author
O&M Extrapolation Factor 6 times the 3 g/p/d estimate for 30 houses
Capital Extrapolation Factor 4 times the 3/g/p/d estimate for 30 houses

Initial Capital Costs based on Project Total Cost $ per HH See note #:
House Plumbing /Tanks 450,000 5,000 16
Initial Vehicles 112,000 1,244 17
Contingency 15% 84,300 937

Total Project Capital Cost 646,300 7,181

Adjustments to Account for Y-K Conditions and Existing Facilities
Heavy Duty Boardwalk @ 89 ft/house * $150/ft 1,194,903 13,277 18
Washeteria/WTP 1,000,000 11,111 6
Capital replacement of 1/2 W/WTP cost after 10 years 372,047 4,134 7
Water Storage Tank 200,000 2,222 8
Lagoon 300,000 3,333
Garage 50,000 556 19

Adjusted Whole-System Capital Cost 3,763,250 41,814 9

Incremental Capital Cost 1,864,949 20,722 10
Based on removing existing facilities from Whole-System Cost:

Uses existing Washeteria/WTP, tank, lagoon (1,500,000) (16,667)
Assume half of required boardwalk needs upgrade only @$50/ft (398,301) (4,426)

Projected Annual O&M Cost Rate Cost $/HH/
Amount units $/unit $/yr year

Water Supply Labor 3,942 hr 18.00 70,956 788 20
Sewage Haul Labor 3,942 hr 18.00 70,956 788 20
Administration @ 8% of direct labor 11,353 126
Repairs and Spare Parts 11,760 131 21
Vehicles Fuel 15,768 trip 0.20 3,154 35 21
Vehicle Amortization 12,055 134 22
Garage O&M (water and sewer) 1,200 13
Washeteria O&M net of consumer savings on DHW/laundry 7,200 80 14

Total Cost of Service 181,433 2,016
O&M Cost of Water Production 788,400 gal/yr @ 0.03 23,652 263 23
Total Annual O&M Cost 205,085 2,279

Whole-System 20-year Life Cycle Cost at 3% real Discount Rate
Total $ $ per HH

Capital Cost 3,763,250 41,814
Present Value of 20 Years O&M 3,051,151 33,902
Total Whole-System Life-Cycle Cost -- ATV Flush Tank 6,814,400 75,716

Incremental 20-Year Life Cycle Cost at 3% Real Discount Rate
Total $ $ per HH

Capital Cost 1,864,949    20,722 10
Present Value of 20 Years O&M 3,051,151 33,902
Total Incremental Life-Cycle Cost -- ATV Flush Tank 4,916,099 54,623
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Example 3: Circulating Piped Water / Vacuum Sewer based on Emmonak 
 
24. Emmonak Costs are adjusted to 1994 dollars using the Alaska Construction Cost Index 

maintained by HMS, Inc., As follows: 
 
Emmonak Capital Cost Detail, Adjusted to 1994 Dollars

Restated Current $ Contributions by Source:
HMS Total in 1994 AK-DOA AK-VSW PHS

Year Cost Index Current $ Dollars Amount Amount Amount
1983 115.6 1,820,000 2,326,955 1,820,000
1984 118.6 2,144,000 2,671,865 544,000 1,600,000
1985 117.7 970,000 1,218,063 970,000
1986 121.4 2,731,000 3,324,891 1,818,000 913,000
1987 123.0 15,000 18,024 15,000
1988 124.8 850,000 1,006,651 80,000 370,000 400,000
1989 126.4 1,400,000 1,637,025 800,000 600,000
1990 131.8 350,000 392,489 150,000 200,000
1991 134.3 0 0
1992 138.8 0 0
1993 143.3 0 0
1994 147.8 0 0

Totals 10,280,000 12,595,963 5,232,000 2,920,000 2,128,000  
 
25. Emmonak WTP initial cost was about 1.5 million in 1986 (per Coolidge/Gajeuski) and 

would cost more today, but produces significantly more water than Buckland. Emmonak 
WTP capital replacement needs estimated at 750,000 after 10 years. The discounted 
present value of this cost is shown as a capital cost. 

 
26. Emmonak O&M costs are average of 1991 and 1992 actuals reported on the City’s 

certified financial statements. 
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Example 3: Circulating Piped Water / Vacuum Sewer (Emmonak)

System Type Circulating Piped Water / Vacuum Sewer
Location Western Coastal Alaska
Construction Year 1982-1990
Total Households served 165
1990 Census population 642
basis for costs actual

Initial Capital Cost Total
Cost $ per HH See note #:

Initial Capital Cost (adjusted to 1994 dollars) 12,595,963 76,339 24
Capital Replacement of WTP components after 10 years 558,070 3,382 25
Adjusted Whole-System Capital Cost 13,154,034 79,721 9

Approximate Annual O&M cost
Labor 45% 84,030 509 26
Utilities 24% 44,226 268 26
Other 32% 59,319 360 26

Total Annual O&M Cost 187,575 1,137

Whole-System 20-year Life Cycle Cost at 3% real Discount Rate
Total $ $ per HH

Capital Cost 13,154,034 79,721
Present Value of 20 Years O&M 2,790,642 16,913
Total Whole-System Life-Cycle Cost -- Emmonak 15,944,676 96,634

 
 


