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Base-extra
capacity water
rate design

R.F. Banker and Frank B. Costanza

Increasing emphasis is being placed on developing water rates
that reflect the costs of providing water service. The principles
and philosophy of one cost-allocation method—the base-extra
capacity method—are discussed.

Every water utility must receive sufficient revenue to
assure proper operation and maintenance, development
and perpetuation of the system, and maintenance of
financial integrity. Consumer interest in utility rates and
the impact of inflation have brought about increasing
emphasis on developing rates that reflect the cost of
providing service.

This article discusses the principles and philosophy of
the base-extra capacity method of cost allocation and
illustrates its effect on determining cost-of-service block
rates.

The first step in developing water rates is to determine
the total annual operating revenue requirements, or costs
of service, for the period during which the rates will be
effective. Costs of service are then allocated to functional
cost components. The next step is to distribute the
component costs to the various customer classes accord-
ing to their requirements for service. The final step is the
design of rate schedules that will recover from each
customer class, within practical limits, the cost to serve
that class. This discussion is limited to the last three of
these steps, i.e., allocation of costs to functional cost
components, distribution of those costs to customer
classes, and design of rates.

Because the need for total volume of water supply and
the peak rates of use vary among customers, the costs to
the utility of providing service to meet the differing
requirements of customers or classes of customers also
vary.

In seeking equitable charges for different types of

customers, the premise in establishing rate schedules is
that the cost of providing water service should be
reflected in rates. A sound analysis of the adequacy of
charges requires allocation of costs among customers
commensurate with their service requirements, recogniz-
ing differences in the costs of furnishing service to
different types of customers. For example, a customer
with a high peak-use rate compared with that customer’s
average-use rate would require the installation of larger-
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capacity pumps, mains, and other system facilities than
would be required by another customer who uses an
equal total volume of water but uses it at a uniform rate.
Therefore, cost allocation procedures should recognize
the individual service requirements of customers for
total volume of water, peak rates of use, and other
factors.

The allocation of water utility costs is accomplished
by applying any of a variety of methods. In most cases,
the costs are allocated, or assigned, in two steps: first, to
appropriate cost components and, second, to customer
classes. The cost components vary depending on the
basis of allocation used. The two most widely used
methods of cost allocation are the base-extra capacity
method and the commodity-demand method. Each
recognizes, in its way, the fact that costs of serving
customers depend not only on total volume of water used
but also on the rate of use, or peaking requirements. In
general, the base-extra capacity method is judged by
many to be the superior means of cost allocation for rate
design, partly because it inherently identifies the lowest
average cost at which water should be sold.

Base-extra capacity method

Allocation of the cost of service to functional components.
Water supply and treatment systems are typically de-
signed to meet both total annual water requirements and
coincidental peak-day and peak-hour demands in excess
of average annual demand. In the base-extra capacity
method, the costs of service are usually separated into
four functional cost components: base costs, extra capac-
ity costs, customer costs, and direct fire protection costs.

Base costs tend to vary with the total quantity of water
used and include operation and maintenance expenses as
well as the capital costs of supply, treatment, pumping,
storage, and distribution facilities, to the extent required
for a constant, or average, annual rate of use. They do not
include the cost elements incurred to meet peak demand.
Impounding reservoirs are an example of facilities whose
costs would usually be totally allocated to base costs.

Extra capacity costs are associated with meeting
requirements in excess of average use and include
operation and maintenance expenses and capital costs
for system capacity beyond that required for average
rate of use. These costs can be subdivided into the costs
that are necessary to meet maximum-day extra demand,
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maximum-hour extra demand, or other extra demand
criteria that are appropriate for a particular utility. Costs
related to water treatment plant and high-service pump-
ing would be allocated to both base cost and maximum-
day extra capacity cost functions because these facilities
are designed to meet both average and maximum-day
extra service requirements.

In the base-extra capacity method of cost allocation,
care must be taken to separate the base costs from the
extra capacity costs. The appropriate allocation factors
between base costs and extra capacity costs vary among
systems and should be determined by the operating
history or design criteria for each system. For example, if
a system has an annual average-day use to maximum-
day use ratio of 1to 1.54 and an annual average-day use
to maximum-hour use ratio of 1 to 2.22, 65 percent
(1/1.54) of the cost of facilities designed to meet
maximum-day requirements can be allocated to base
costs and 35 percent (0.54/1.54) to maximum-day extra
capacity costs. Costs of facilities designed to meet
maximum-hour requirements would be allocated 45
percent (1/2.22} to base costs and 55 percent (1.22/2.22)
to maximum-hour extra capacity cost.

Customer costs are the costs associated with serving
customers regardless of the amount or rate of water use.
Customer costs include meter reading and billing, cus-
tomer accounting and collecting expense, and mainte-
nance and capital costs related to meters and services.

Direct fire protection costs are applicable solely to fire
protection. Usually such costs are defined as the cost of
public fire hydrants and branch mains. The costs allo-
cated to direct fire protection are usually only a small
part of the total cost of fire protection. A significant
portion of extra capacity cost is also allocable to fire
protection.

Proper allocation of costs under the base-extra capacity
method identifies the costs of coincidental demands
placed on the utility by system customers and is the
preliminary step in distributing costs to customer classes
served by the system.

Distribution of component costs to customer classes.
Theoretically, the ideal solution to developing rates for
water customers is to assign cost responsibility to each
customer served and develop rates to derive that cost. It
is not economically practical—or even possible—to
determine the cost responsibility and applicable rates for
each individual customer. However, the cost of providing
service can be reasonably determined for groups or
classes of customers who have similar water use char-
acteristics and for special customers who have unusual
water use or service requirements. The objective of rate-
making is to assign costs to classes of customers whose
service requirements are similar, so that rates are non-
discriminatory and meet, as nearly as possible, the cost
of providing service to such customer classes.

Units of service. Component costs can be distributed
among customer classes in proportion to the responsibil-
ity each class bears for the total cost of serving all
customer classes. This applies for each of the component
costs of service. Responsibility for each component can
be expressed in terms of the number of units of service
required by each class. The sum of all component costs
attributable to a given class is the total cost of service to
be recovered from that class of customers.

The total cost allocated to each component, such as the
total base cost, can be divided by the appropriate total
requirements for units of service, thus expressing a unit
cost for each component. The unit costs of each compo-
nent serve as the basis for designing rates. To distribute
component costs to customer classes, it is essential to
establish the units of service attributable to each of the
respective customer classes. This involves determining
or estimating the total quantity of water that will be used
by each class of customers during the test year and the
peak-use rates of each class, usually for both maximum-
day and maximum-hour rates of use. In addition, a
determination of the number of equivalent meters and
services serving each class and the number of bills
rendered to each class must be made. Table 1 lists the
units of service during a hypothetical test year for a
water utility serving three customer classes and provid-
ing fire protection service. The base annual usage is the
measure for distributing base costs to customer classes.

Maximum rates of use can be expressed in terms of the
capacity factor, i.e., a percentage expression of each
customer class’s maximum rate of use to its average
annual rate of use. Thus, if the residential customer
class’s maximum-day rate of use is 2.5 times its average
rate, it has a maximum-day capacity factor of 250
percent. Maximum-day use in excess of average-day use
is shown as extra capacity. Maximum-hour capacity
factors and use are expressed in a similar manner. As
shown in Table 1, demand patterns of various customer
classes differ depending on peak-day and peak-hour
rates of demand compared with average demands. For
example, residential customers typically place high
summertime lawn irrigation loads on the system and
therefore account for a much higher extra capacity
requirement compared with average demand than does
the industrial class that typically requires water more
uniformly throughout the year. Computation of extra
capacity requirements is a mechanism for distributing
extra capacity costs to customer classes. Fire service
demands are based on the requirements of the Insurance
Services Office for the system.

Customer-related costs for meters and services can be
properly distributed among customer classes by recog-
nizing the factors that are generally responsible for the
costs incurred. For example, one method distributes
meter reading and services costs to customer classes in
proportion to the number of equivalent meters. Distrib-
uting billing and collecting costs to customer classes can
be in proportion to the number of bills rendered.

Unit costs of service. Component costs can be distributed
to customer classes in proportion to the service units
applicable to each class. Unit costs of service are based
on the total costs allocated previously to functional
componenis and the total number of units of service
expected to be used during the test year. The development
of costs per unit of service is shown in Table 2.

Unit costs are simply determined by dividing the test
year’s functionally allocated operation and maintenance
and capital costs by the total requirements for units of
service in the test year. For example, under the base-extra
capacity method of determining the cost of service, the
base unit cost for operation and maintenance expense of
$0.1928/1000 gal can be derived by dividing the allocated
base expense for operation and maintenance of $514 100
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by the total base units of service of 2 667 000 thousand
gal. Similar computations are made to determine all
other unit costs of operation and maintenance expense
and depreciation expense.

The unit return is determined by first calculating the
unit rate base. The total rate base is divided by the total
units of service to yield the unit base rate, Subsequently,
a unit return on the rate base is derived by applying the
appropriate rate of return to the unit rate base. In this
simplified example, a rate of return of 9 percent on the
rate base is used.

Total unit costs of service consist of operation and
maintenance expense, depreciation expense, and return
on rate base. Unit costs of service are applicable to all
customer classes. The costs of service directly allocated
to fire protection service are also shown in Table 2.

The distribution of costs of service to customer classes
is made by applying unit costs of service to customer
classes. The total units of service and the unit costs of
service for the test year derived from Tables 1 and 2 are
summarized in Table 3.

As shown in Table 3, all residential customers are
projected to use 928 000 thousand gal of water in the test
year, commercial customers 590 000 thousand gal, and
industrial customers 1 149 000 thousand gal. Applying
the unit base cost of $0.3575/1000 gal to the units of
service required by each customer class yields the
distributed base cost of service. By definition, the unit
base cost is the minimum rate at which water should be
sold, if perfect load factors could be achieved (after
customer costs are recovered).

Extra capacity costs for maximum-day and maximum-
hour service are incurred in providing facilities to
furnish water at varying rates above the average rates of
use. The responsibility of customer classes for extra
capacity costs is determined by applying the unit costs of
service to customer class units of service in a manner
similar to that used for determining customer class base
costs.

Customer costs, which include meters and services
and billing and collecting, are usually treated separately
in rate studies. Customer costs associated with meters
and services can be distributed to customer classes on
the basis of equivalent meters and service factors. Billing
and collecting costs are distributed to customer classes
based on the number of bills estimated to be issued to
each class during the test year.

Developing unit costs of service provides two advan-
tages. First, unit costs are a useful tool in allocating total
costs to customer classes as shown in Table 3. The unit
cost approach demonstrates to all customer classes that
the costs allocated to them are computed on the same cost
basis. Second, unit costs provide a tool for use in
designing rates.

Designing rate schedules

The final step in a cost-of-service rate study is to
develop a schedule of rates that will recover, as nearly as
possible, the allocated costs of service from customers.
Since it is impractical to identify the cost responsibility
of individual customers, rates are normally designed to
fit average conditions for groups of customers who have
similar service requirements.

Service charges. Customer costs, composed of meter and
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service costs and billing and collecting costs, can be
recovered through a service charge. In addition, a portion
of distribution main costs and a portion of demand-
related costs are often included in service charges. In this
example, however, only meter and service costs and
billing and collecting costs are included in service
charges. The base and extra capacity costs are recovered
in the volume portion of the rate.

Table 4 shows how to develop a monthly service
charge for retail customers. The unit billing and collecting
cost of $2.2881 per bill is based on the projected total
number of bills to be issued annually. In this example, it
is assumed that billing and collecting costs do not vary
substantially from smaller to larger customer accounts.
All accounts are billed at a uniform rate of $2.2881 per
bill per month.

Since the meter and service cost of $20.8404 is an
annual cost, itis divided by 12 to derive the monthly unit
cost of $1.7367. A 50-mm (2-in.) meter is assigned a 2.9
ratio factor, indicating the relative difference in cost
incurred by the utility to buy, install, and service this
meter compared with a smaller 17-mm (5/8-in.) meter. By
applying the 2.9 ratio to the unit cost of $1.7367, a total
cost of $5.04 is derived for the 50-mm (2-in.) meter. The
billing and collecting cost of $2.29 is added to the meter
and service cost to derive the total service charge for a
50-mm (2-in.) meter of $7.33, which is rounded to $7.35.
Similar determinations are made for each meter size to
determine the total service charge.

Once the service charge for each meter size is estab-
lished, the charge is applied to the total number of
customer class bills to determine the total service revenue
that will be derived from each customer class.

Declining block rates. A declining block water rate sched-
ule can be designed to recover the costs of serving
different classes of customers and to maintain reasonable
equity among customer classes. Declining block rates do
not reflect quantity discounts but provide a mechanism
for recovering costs from residential, commercial, and
industrial users based on the differing water demand
characteristics associated with providing service to each
class of customers. Large-quantity users, as a class,
characteristically show a lower peak- to average-demand
factor, with correspondingly lower extra capacity re-
quirements and related costs than do smaller-quantity
users as a class. Accordingly, a properly designed
declining block rate schedule of decreasing charges per
unit of service will ordinarily recover revenue from each
class commensurate with the cost of providing service to
that class.

To design rate blocks and estimate revenues obtained
through the designed rates, an analysis of the number of
bills rendered to various customer classes at various use
levels is necessary. The blocks used for rate design
should reflect customer class water usage derived from
billing records. Such information can be presented in the
form of a bill tabulation showing levels of use for each
customer class, the number of bills rendered for each
customer class, the cumulative use, and the number of
bills rendered at each level of use. This information can
then be projected on graphs by means of curves showing
the relative percent of total use by each customer class at
various levels of use per month (Figure 1).

The curves shown in Figure 1 express the amount of

JOURNAL AWWA

85U8017 SUOWIWIOD BA 1D 3|qedl|dde 8 Aq pausenob ase sapile YO '8N 0 S3jnu Joj A%eiq1 T 8UIIUO AB|IA UO (SUORIPUOD-PUe-SWSIWOD A8 |IMAReIq U |Uo//Sd1Y) SUOIIPUOD PUe SLWB | 8U1 885 *[5202/90/02] Uo Akiqiauliuo AB|IM * oueisHO ppoL Aq X Z6TS00YE86T €€88-TSST  [/200T 0T/I0p/LI0D A 1M AkeJq 1 pU1|UOBMME//SANY WO1J PAPROIUMOQ ‘6 ‘E86T ‘EEBBTSST



TA

LE1
service requirements

Units of
Number
Base Use Maximum-Day Use Maximum-Hour Use ‘Of
Equivalent
Capacity Capacity Extra Meters
Customer Total Annual Average Daily Factor Total Extra Factor Total Capacity and Number
Class Use—1000 gal | Use—1000 gal | percent | Capacity—1000 gpd |Capacity—1000 gpd | percent | Capacity—1000 gpd 1000 gpd Services of Bills
Residential 928 000 2542 250 6 355 3813 400 10 168 7 626 16 039 190 488
Commercial 590 000 1616 200 3232 1616 325 5252 3636 1951 12 528
Industrial 1149 000 3148 150 4722 1574 200 6296 3148 169 120
Fire service 960 960 5760 5760
Total system 2 667 000 7306 15 269 7963 27 476 20 170 18 159 203 136
TABLE 2
Unit costs of service
Extra Capacity Costs Customer Costs
Total Maximum Maximum Meters and Billing and Direct Fire
Cost—dollars Base Day Hour Services Collecting Service
Total number of system units 2667 000 7 963 20170 18 159* 203 136t
of service—thousand gal
Operation and maintenance expense
Total—dollars 1470 000 514 100 109 500 111 800 239 000 464 800 30 800
Unit cost—dollars/unit 0.1928 13.7511 5.5429 13.1615 2.2881
Depreciation Expense
Total—dollars 213 000 72 00D 17 500 52 800 61 500 9200
Unit cost—dollars/unit 0.0270 2.1977 2.6177 6.3868
Rate base
Total rate base—dollars 9001000 4 080 000 576 000 3221000 866 000 258 0600
Unit rate base—dollars/unit 1.5298 72.3345 159.6926 47.6899
Unit return on rate basef—dollars 0.1377 6.5101 14.3723 4.2921 23 200
Total unit costs of service—dollars 0.3575 22.4589 22.5329 20.8404 2.2881
*Equivalent meters
tNumber of bills
19 percent
TABLE 3
Cost distribution to customer classes
Extra Capacity Costs Customer Costs
Maximum Maximum Meters and Billing and Direct Fire Total Cost
Base* Day* Hour* Servicest Collecting} Service of Service
Unit costs of service—dollars/unit 0.3575 22.4589 22.5329 20.8404 2.2881
Residential
Units of service 928 000 3813 7626 16039 190 488
Allocated cost of service—dollars 331800 85 600 171 800 334 200 435 800 1359 200
Commercial
Units of service 590 000 1616 3636 1951 12528
Allocated cost of service—dollars 210900 36 300 81900 40 700 28 700 398 500
Industrial
Units of service 1149000 1574 3148 169 120
Allocated cost of service—dollars 410 800 35 300 70 900 3500 300 520 800
Fire service
Units of service 960 5760
Allocated cost of service—dollars 21500 129 800 63 200 214 500
Total allocated cost 953 500 178 700 454 500 378 400 464 800 63 200 2493 000
of service—dollars
*Units of service are 1000 gpd
tUnits of service are equivalent meters
tUnits of service are bills
First 15 thousand gal Next 1485 thousand gal More than 1500 thousand gal
TABLE 4 f e

Test year design of monthly service charges for 17-mm (%-in.)
and 50-mm (2-in.} meters

=

Unit Cost
dollars

17-mm (%-in.) service charge
Meters and service-related costs
Billing and collecting-related costs
Total
Rounded total

50-mm (2-in.) service charge
Meters and service-related costs
Billing and collecting-related costs
Total
Rounded total

1.7367 per meter*

2,2881 per bill

1.7367 per meter*

2.2881 per bill

*$20.8404 annually per equivalent meter divided by 12 bills per year is $1.7367 per month

per equivalent meter.
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Figure 1. Example of monthly water usage for residential, commer-
cial, and industrial customers

Monthty Water Usage—thousand gal

50 000

/
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Test year derivation of typical cost per 1000 gal* by water use blocks

TABLE 5

Water Use
Block— 1000 gal/month

Unit Base Cost
dollars/1000 gal

Maximum Day

Maximum Hour

Extra-Capacity Factor
in Excess of
Average Day

percent

Extra-Capacity
Cost*
dollars/1000 gal

Extra-Capacity Factor
in Excess of
Average Day

percent

Extra-Capacity
Costt
dollars/1000 gal

Total Cost}
dollars/1000 gal

First 15 units
Next 1485 units
More than 1500 units

0.3575
0.3575
0.3575

150
100
50

0.0823
0.0615
0.0308

300
225
100

0.1851
0.1388
0.0617

0.6349
0.5578
0.4500

*Based on maximum-day extra capacity unit cost of $22.4589/year/1000 gpd divided by 365 days/year (or $0.0615/1000 gal) applied to extra capacity factor
tBased on maximum-hour extra capacity unit cost of $22.5328/year/1000 gpd divided by 365 days/year {or $0.0617/1000 gal} applied to extra capacity factor
tTatal cost per 3785 L (1000 gal} is equal to sum of values shown in columns 2,4, and 6.

TABLE 6
Summary of customer water use by rate block and application of proposed rates
Revenue Under Allocated Cost Revenue as
Monthly Usage Use Annual Water Proposed Rates Proposed Rates of Service Percent of Cost
Customer Class Block percent Use—1000 gal dollars/1000 ga!l dollars dollars of Service

Residential Service charge 774 400

First 15 units a4 872 300 0.63 548 600

Next 1485 units 6 55 700 0.56 31200

More than 1500 units 0.44

Total 100 928 000 1355 200 1359 200 99.7
Commercial Service charge 69 400

First 15 units 15 88 500 0.63 55 800

Next 1485 units 79 466 100 0.56 261 000

More than 1500 units 6 35 400 0.44 15 600

Total 100 590 000 401 800 398 500 100.8
Industrial Service charge 3 800

First 15 units 0.2 2300 0.63 1400

Next 1485 units 13.8 158 600 0.56 88 800

More than 1500 units 86.0 988 000 0.44 434 800

Total 100 1149 000 528 800 520 800 101.5
Public fire protection

annual service charge
1155 hydrants at
$186/hydrant 214 800 214 500 100.2

Total 2500 600 2493 000 100.3

-

J

water used monthly by each class as a percent of the total
water used monthly by that class. The cumulative
percent of total water used by the class is shown on the
vertical scale, and the monthly amount of water used per
customer is shown horizontally. The residential cus-
tomers’ usage of 10 thousand gal/month intersects the
curve at 88 percent. The 88 percent figure for residential
customers represents all of the water used by those
customers who use less than 10 thousand gal/month and
the first 10 thousand gal/month used by residential
customers with usage exceeding 10 thousand gal/month.
Similarly, the curves indicate that only 12 percent of the
commercial class usage and essentially no industrial
usage occurs in the range of 0-10 thousand gal/month.

Such curves provide a basis for selecting usage blocks
and estimating by customer class total annual revenues
that would be derived from rate designs. The curves for
all water systems are usually similar in configuration,
often of an ogee type, but the slope and relative location
of the curves for any particular utility depend on the type
and mixture of customers served by the utility. For
instance, the amount of lawn sprinkling that occurs
affects the location and shape of the residential curve
significantly. The commercial class curve for a large city
would represent a composite usage pattern of numerous
stores, office buildings, hotels, and other commercial
establishments, whereas in the case of a smaller town,
the pattern might be subject to the influence of one
business or customer.

Comparison of the customer class curves shows the

differences in use patterns among the classes of custom-
ers. These patterns provide a basis for the proper
selection of usage blocks to design a rate structure under
which revenues can be derived in accord with the cost
responsibility of each class.

An example of rate block selection is indicated at the
top of Figure 1. An initial block of 15 thousand gal
includes a large portion of the residential water use but
relatively little commercial or industrial water use.
Accordingly, most residential costs of service, other than
service charges, need to be recovered in this first block.
Water use and demand cost characteristics of residential
service would serve as the predominant basis for the
design of rates for the initial block.

The next increment of 1485 thousand gal includes a
major part of the commercial class use but only a small
portion of industrial water use. The rate for this block
should be adequate to recover a large part of the costs of
providing commercial service. Water use and demand
cost characteristics of commercial customer service are
included in the design of the second block rate. The final
block encompasses almost all industrial service and the
use by commercial customers not covered in the first and
second blocks. Therefore, rates for this block would be
designed primarily to recover the industrial class costs of
service.

The next step after selecting usage blocks is designing
an appropriate schedule of rates for the blocks. The
design of a water rate schedule, which requires each
customer class to pay its full share of the cost of water
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service, takes into account the unit costs applicable to the
level of service rendered. Unit costs for each component
of base cost and maximum-day and maximum-hour
extra capacity costs are developed in Table 2. Recognition
of the degree to which each component is involved in
providing the level of service rendered provides the basis
for the design of a schedule of rates.

Table 5 shows how typical costs per unit (1000 gal} are
derived for various rate blocks, including base costs and
maximum-day and maximum-hour extra capacity costs.
The total cost for each block reflects the characteristics
of the predominant class of water use that occurs within
each block.

Base cost, by definition, is the cost for constant,
uniform, or perfect load factors, and the unit cost is the
same for all levels of use or classes of service. According-
ly, the variation in the total cost per unit between levels
of usage reflects only the difference in extra capacity
requirements for classes of service represented by the
various levels of use.

The first block of usage consisting of 15 units (15
thousand gal/month) includes 94 percent of the residen-
tial class use, 15 percent of the total commercial class
use, and almost no industrial use. The maximum-day
and maximum-hour extra capacity factors in excess of
average-day use selected for the design of the first block
rate are representative of residential service.

The next block of 1485 thousand gal/month represents
predominantly commercial usage. Therefore, the extra
capacity factors used to develop the average cost for
water use in this block reflect commercial service
characteristics.

The last block, with usage exceeding 1500 thousand
gal/month, is primarily industrial water use. According-
ly, the extra capacity factor used to derive the average
costs for the last block of the rate schedule is characteris-
tic of industrial water use.

The total cost per unit (1000 gal) is derived by adding
the costsin columns 2, 4, and 6, providing an initial basis
on which to select potential rates. The costs indicate that
a monthly schedule of declining block rates of $0.63,
$0.56, and $0.45 per unit of use might be proposed.
However, the rates would be subjected to further testing
to determine if revenues from each customer class would
be sufficient to meet costs of service.

The total costs per unit of use {1000 gal) developed in
Table 5 are based on a single set of water-use charac-
teristics selected as representative of all customer use
within each block. Actually, the amount and characteris-
tics of use vary among customers within blocks. Detailed
rate design studies involve examination of the costs fora
range of amounts used and the characteristics of water
use for various users within each block. Such variations
might indicate that extra capacity factors should be
selected to reflect a combination of factors derived from
more than one class.

Actual rate designs also recognize that charges for the
relatively high capacity factors associated with water
use in the initial block may recover costs in excess of
costs of service for those customers who have better load
factors than residential users and whose use extends into
subsequent blocks. The calculated charges for subsequent
rate blocks might need to be adjusted downward to
account for the costs recovered in lower-use blocks.

The calculated rates should be tested by applying
them to customer class water usage to determine if
revenues derived from each class will be in accord with
the cost of service. At this point in developing the rate
schedule, comparison of revenues derived from the
designed rates with the cost of service by customer class
mightindicate that the designed rates would not recover
costs of service from one or more customer classes.
Selection of slightly different rate blocks or redesign of
rates for selected blocks would be warranted. Normally,
if designed rates recover the total system cost of service
and the costs of service to each customer class within 2 to
3 percent, the rates are adequate.

Table 6 illustrates a test of a rate schedule developed
for all classes of service. The final block rates are slightly
different from those reflected in the initial schedule of
rates developed in Table 5 in order to recover more
closely customer class costs of service.

Columns 1, 2, and 3 show the development of total
annual water use by rate blocks for each class of service.
The percent use by rate blocks is derived from the
customer class curves shown in Figure 1. Application of
these percentages to the average annual use by each class
results in the projected water use by block. The resulting
revenues derived from the proposed rates for water
usage in each block are shown in column 5. The costs of
service by customer class developed in Table 3 are
shown in column 6. The revenues expressed as a percent
of costs are shown in column 7 and indicate that the
proposed schedule of rates derives revenues from all
customer classes that conform with the costs of providing
service. Indicated deviations from allocated costs for all
classes are less than 2 percent and are therefore well
within practical allowances.

In actual practice, rates resulting in revenues that meet
costs within the limits indicated may involve adjustments
in the number of rate blocks, usage allowances in each
block, and the block rates. Satisfactory results on the
first try would be an oversimplification of the problems
usually involved in developing an appropriate schedule
of rates.

Summary

The base-extra capacity cost allocation method is a
means of determining costs of service for classes of
customers and provides a basis for developing rate
schedules that recover those costs of service. When
appropriate determination of water demand by customer
class is made and costs are allocated properly, it is
possible to design schedules of declining block rates that
recover allocated costs of service from customer classes
based on a single set of unit costs applicable to all
customers.

Acknowledgment

This article is an adaptation of a paper presented at the
1982 annual conference of the National Association of
Water Companies and includes material that was sub-
sequently incorporated into the 1983 edition of AWWA
Manual M1, Water Rates.

R.F. Banker is a partner and Frank B. Costanza is a project engineer
with Black & Veatch, Consulting Engineers, P.O. Box 8405, Kansas
City, MO 64114.

Copyright (C) 1983 American Water Works Association

SEPTEMBER 1983

R.F. BANKER & F.B. COSTANZA 449

88U SUOWILLIOD) dAIRa.ID 3|ged!|dde ayy Ag pauienoh ale sajonle YO ‘8sn Jo sajnJ 10} AreiqiauljuQ A8|IAN UO (SUONIPUOD-pUe-SWIBY W0 AB | 1M AReiq 1 BUUO//:SdNY) SUOIIIPUOD pUe SWd | 8Y1 39S *[G202/90/02] U0 AidiauliuQ AB|IM ‘ ouensiD ppol Ag X'Z6 TS0y 86T EE88-TSST [/200T OT/I0p/Wod A3 1M Areig 1)Ul [UOBMAME//SANY WO papeo|umoq ‘6 ‘€86T ‘€E88TSST



	CD-ROM Title Page
	Help
	Search
	1980
	January
	January 1980 Cover
	January 1980 Table of Contents
	Viewpoint: Water conservation rationales: are there historical parallels?
	Roundtable: What causes water quality to deteriorate?
	President's message
	Water requirements for industrial development
	A survey of quality control practices in water bacteriology laboratories
	An early warning organics detection system for the Ohio river
	Reservoir improvements as a key to source quality control
	Bacterial dynamics in a water supply reservoir: a case study
	An evaluation of activated carbon for drinking water treatment: a national academy of science report
	The logistic curve as a model for carbon bed design
	Activated carbon versus resin adsorption of humic substances
	Controlling bed losses of granular activated carbon through proper filter operation
	Feasibility studies on liquid ion exchange for alum recovery from water treatment plant sludges

	February
	February 1980 Cover
	February 1980 Table of Contents
	Viewpoint: The intangibles of management
	February 1980 Letters
	Theme intro: Maintaining distribution system integrity
	The impact of federal water policy on state planning: a cautionary example
	Equity and economics in setting water rates for apartment complexes
	Grounding of electric circuits to water services: national electrical code versus AWWA policy
	Grounding of electric circuits to water services: one utility's experience
	Conducting a regular main flushing program
	The behavior of asbestos-cement pipe under various water quality conditions: a progress report
	Dual distribution systems analysis
	Measuring the velocity of water in a paddled flocculator
	Disposal and handling of water treatment plant sludge
	The rathation method of solving for fluid flow
	Analytical note: A new DPD-steadifac method for specific determination of free available chlorine in the presence of high monochloramine

	March
	March 1980 Cover
	March 1980 Table of Contents
	Viewpoint: Implementation of the safe water drinking act: South Carolina's approach-Georgia's approach
	Viewpoint: Implementation of the safe water drinking act: Georgia's approach
	Theme intro: Direct filtration: how well does it work?
	Public notification: pain or panacea
	"Will the four-day, 40-hour work week replace the five-day 40-hour work week?"
	The effects of water conservation kits on water use
	Direct filtration treatment plants: costs and capabilities
	Plant-scale comparison of direct filtration versus conventional treatment of a Lake Erie water
	Studies of asbestos removal by direct filtration of a Lake Superior water
	Experience with direct filtration at Ontario's Lake Huron treatment plant
	Recent developments in direct filtration
	"Algal concentration as a quality parameter of finished drinking waters in and around Pittsburgh, PA"
	The use of choramines to prevent trihalomethane formation

	April
	April 1980 Cover
	April 1980 Table of Contents
	Theme intro: Expecting the unexpected
	Reliability and redundancy: dual protection for water
	Pumping station reliability: how and how much
	Interagency connections: insurance against interruptions in supply
	Organizing to cope with hazardous material spills
	Evaluating the effects of earthquakes in buried pipelines
	A computer method for loading model networks
	The effectiveness of in-line aqueduct treatment
	Determination of selected volatile organic priority pollutants in water by computerized gas chromatography-quadruple mass spectrometry
	"Removal of radium-226 from Sarasota County, Fla., drinking water by reverse osmosis"
	"A fluoride overfeed incident at Harbor Springs, Mich."
	Notes and Comments: On Measuring the Velocity of Water in a Paddled Flocculator

	May
	May 1980 Cover
	May 1980 Table of Contents
	"Viewpoint: Communication, accountability, and the engineer"
	Face to Face
	Letters
	Theme intro: Internal corrosion
	Analyzing the risk of drought: the Occoquan experience
	Upgrading water treatment plants: an alternative to new construction
	Aggressive water: assessing the extent of the problem
	The costs of internal corrosion in water systems
	An experimental approach to corrosion control
	Monitoring and controlling corrosion by potable water
	Evaluation of the tentative standard method for enteric virus concentration from large volumes of tap water
	Health effects of alternate disinfectants and their reaction products
	Laboratory technique for measurement of pH for corrosion control studies and water not in equilibrium with the atmosphere

	June
	June 1980 Cover
	June 1980 Table of Contents
	Viewpoint: Federal help for aging tempting but unwise
	Counterpoint: Distribution systems: a viable option
	Roundtable: Laboratory contributions to successful system operation
	Letters
	Theme intro: Energy efficiency in the eighties
	Water for the world: the scope of the challenge
	Curbing the distribution energy appetite
	Hydropower: inflation-proof energy from water supply dams
	Energy costs: a new factor in pipe size selection
	Practical Power-saving
	Pump systems: what price efficiency?
	Algae as sources of trihalomethane precursors
	Modifications of the tentative standard method for improved virus recovery efficiency
	Orthokinetic flocculation in deep bed granular water filters

	July
	July 1980 Cover
	July 1980 Table of Contents
	Viewpoint: Price elasticity-one more time
	Roundtable: Distribution system operation and maintenance-the outlook for today and tomorrow
	Theme intro: Water reuse for groundwater recharge
	How much water supply capacity is enough?
	Water reuse for groundwater recharge: an overview
	Groundwater recharge operations in California
	Experience with riverbank filtration along the Rhine river
	The role of groundwater recharge in wastewater reuse: Israel's Dan Region project
	Organic water quality changes during sand bank and dune filtration of surface waters in the Netherlands
	The status of direct filtration
	Treatment technology to meet the interim primary drinking water regulations for inorganics: part 5
	Trihalomethane levels in public water supplies drawn from the Sacramento river system

	August
	August 1980 Cover
	August 1980 Table of Contents
	Viewpoint: Wanted: Comprehensive cross connection control
	Law and water
	Letters
	Theme intro: Controlling organics: Research update
	Water supply in the Paris suburbs: Changing treatment for changing demands
	Denver's potable reuse project: pathway to public acceptance
	Can prices tame the inflationary tiger?
	Reevaluating Hunter's model for residential water demand
	The costs of compliance: an EPA estimate for organics control
	Evaluation and treatment of synthetic organics in drinking water supplies
	Control of trihalomethanes in drinking water
	Coagulation: Experiences in organics removal
	Removal of total organic halogen by granular activated carbon adsorbers
	The monochloramine-GAC reaction in adsorption systems

	September
	September 1980 Cover
	September 1980 Table of Contents
	Viewpoint: The mythical monster
	Counterpoint: The grim reality
	Roundtable: Gauging the effect of regulation on utility operations
	Theme intro: Distribution system maintenance: problems and solutions
	Keeping a century-old water system young
	"The why, what, and how of maintaining system records"
	Controlling the cost of system maintenance
	Forecasting water demand in the Pacific Northwest
	Computer modeling programs: tools for model operations
	Coagulation mechanisms: an electron microscopic study using aluminum sulfate
	Initial degradation of effluent quality during filtration
	The bed depth service time design method for deep bed filtration
	The use of a perforated baffle at the inlet of rectangular settling basins
	"Well water quality deterioration in central Pierce County, Washington"
	Taste as an indicator for drinking water quality

	October
	October 1980 Cover
	October 1980 Table of Contents
	Viewpoint: In search of nationwide operator certification
	Law and water
	Letters
	Theme intro: The regulatory environment
	The new regulatory constraints: From conflict toward compromise
	How to keep ahead of the regulators
	Threading the regulatory maze: A small utility's view
	"New facilities increase capacity, improve efficiency"
	Designing equitable water rates: What managers need to know
	Drinking water chlorination: A practice unrelated to cancer mortality
	The effects of permanganate pretreatment on trihalomethane formation in drinking water
	An empirical kinetic model of trihalomethane formation: Applications to meet the proposed THM standard
	Seasonal variations in trihalomethane levels in an Iowa River water supply

	November
	November 1980 Cover
	November 1980 Table of Contents
	Viewpoint: Regulation: the misdirected mission
	Roundtable: Cost control: how water utilities meet the challenge
	November 1980 Letters
	Theme intro: Microbiological quality of distributed water
	An overview of European treatment practice
	Tapping drinking water data: a prototype system
	Large-scale ozone-DE filtration: an industry first
	Change: a management problem or a problem with management
	The occurrence of microorganisms in water main encrustations
	"Bacterial, chemical, and mineralogical characteristics of tubercles in distribution pipelines"
	Biologically mediated corrosion and its effects on water quality in distribution systems
	Elevated levels of sodium in community drinking water
	Cancer mortality and public drinking water in St. Louis city and county

	December
	December 1980 Cover
	December 1980 Table of Contents
	Viewpoint: Taking account of utility accounting
	Roundtable: Groundwater: the hidden resource
	Law and Water
	Theme intro: Developing water supplies for developing countries
	Quenching the thirst for potable water in arid Saudi Arabia
	Upgrading the old while building the new
	Breaking the cost barrier to household water service
	Submarine transmission line: lifeline for Vieques
	Design of aeration towers to strip volatile contaminants from drinking water
	Reservoir coatings can support bacterial growth
	Response of lead solubility to dissolved carbonate in drinking water
	Recent developments in filtration system design
	Notes and comments: the problem with perforated baffles
	Journal indexes


	1981
	January
	January 1981 Cover
	January 1981 Table of Contents
	Viewpoint: Reducing pipline damage: a dollars-and-sense approach
	President's message
	A usable input-output flow chart of a municipal water system
	Industrial water conservation within the Great Lakes region: an overview
	Declining block rates can encourage water conservation
	Raw water studies determine siting of new intake
	Package plants: a cost-effective solution to small water system treatment needs
	Research and technology: Alternative disinfectants 1: principles
	Public health aspects of alternative water disinfectants
	Controlling trihalomethanes while attaining disinfection
	Comparison of the biocidal efficiency of alternative disinfectants
	Uses of ozone in drinking water treatment
	Waterborne disease: occurrence is on the upswing
	"The use of chloramines to prevent trihalomethane formation in Huron, S.D., drinking water"

	February
	February 1981 Cover
	February 1981 Table of Contents
	Viewpoint: Overzealous consumerism...a triple-edged sword
	Roundtable: Safety in the water utility industry
	Law and water
	Theme intro: Alternative disinfectants 2: practice
	Water reuse: projecting markets and costs
	Hydropower: a step toward energy independence
	"Denver's ECH2ONERGY program: a boon to homebuyers, a boost for housing"
	Coordinating utility location: a defense against distribution system damage
	Evaluating costs and benefits of alternative disinfectants
	Research and technology: A pilot study of chlorine dioxide use to reduce total trihalomethanes
	"Use of chlorine dioxide, chloramines, and short-term free chlorination as alternative disinfectants"
	Experience with chloramines as primary disinfectants
	The anatomy of an ozone plant
	Alternative filtration methods for removal of Giardia cysts and cyst models
	Determination of organic contaminants by the Grob closed-loop-stripping technique
	Analytical note: catalytic effects of sulfur and other compounds in the azide-iodine test

	March
	March 1981 Cover
	March 1981 Table of Contents
	One hundred years of service
	Viewpoint: What price political reticence?
	Theme intro: Savings by computer: money and energy
	One approach to computerized operation
	The computer as a tool for meeting future demands
	Computer administration: plan ahead and stay ahead
	Increasing employee security and productivity with computers
	Expanding computer applications to reduce energy consumption
	Water conservation devices for new or existing dwellings
	Chronoamperometric determination of free chlorine by using a wax-impregnated carbon electrode
	The occurrence of trihalomethanes in public water supply systems of New York state
	"Treatment of Mount St. Helens volcanic ash suspensions by plain sedimentation, coagulation, and flocculation"
	Virus removal by coagulation and flocculation

	April
	April 1981 Cover
	April 1981 Table of Contents
	Law and water
	Theme intro: Groundwater: an endangered resource
	Energy conservation opportunities in municipal water and wastewater systems
	Slow sand filter design and construction in developing countries
	Rights and liabilities of water suppliers arising from groundwater pollution
	Groundwater contamination in Connecticut
	"Chemical contamination of aquifers on Long Island, New York"
	Trichloroethylene and methyl chloroform in groundwater: a problem assessment
	Detection of trace organics in well water near a solid waste landfill
	Selecting polymers for direct filtration
	Conduct and uses of jar tests
	The relationship between asbestos and turbidity in raw water

	May
	May 1981 Cover
	May 1981 Table of Contents
	May 1981 Letters
	Viewpoint: Compositing trihalomethane samples can save money
	Law and water
	Theme intro: Regionalization: why and how
	Regional allocation of water resources
	A regional response to water supply emergencies
	Evolution of a regional system
	State initiatives
	Eliciting public participation
	Customer metering practices
	The occurrence and reduction of sodium in drinking water
	Estimating color in Hazen units by spectrophotometry
	Cavitation damage to hydraulic structures
	Common pipe flow formulas compared with the theory of roughness

	June
	June 1981 Cover
	June 1981 Table of Contents
	June 1981 Letters
	Viewpoint: What price political involvement?
	Face to face
	Law and water
	Theme intro: Water worldwide: staff training
	Manpower development for water and sanitation programs in Africa
	A successful training program in Brazil
	Staff training for water supply projects in the West Indies
	Trainee involvement in the training process
	Chemical equilibria in split-treatment softening of water
	Optimizing coagulants and flocculant aids for settling
	Interpreting laboratory results for the design of rapid mixing and flocculation systems
	Demonstration testing of alum recovery by liquid ion exchange

	July
	July 1981 Cover
	July 1981 Table of Contents
	Face to face
	Law and water
	Theme intro: Watershed protection
	Water quality monitoring in a limited-use watershed
	Computer modeling of Los Angeles water resources
	Interstate highways versus watershed protection in New England
	Field management of hazardous spills
	Inserting plastic liners in distribution mains
	Outbreaks of waterborne disease in the United States: 1971-1978
	Carcinogenesis of synthetic organic chemicals in drinking water
	Hydraulic scale-model simulation of the sedimentation process
	Water supply reliability theory
	Changes in strength of pressurized PVC pipe with time
	Spectrophotometric determination of chlorine dioxide
	Discussion-The costs of compliance: an EPA estimate for organics control

	August
	August 1981 Cover
	August 1981 Table of Contents
	August 1981 Letters
	Viewpoint: The politics of water
	Law and water
	Theme intro: Activated carbon
	Trihalomethane formation in North Carolina drinking waters
	Specific organic removals by granular activated carbon pilot contactors
	Chemical pretreatment for activated-carbon adsorption
	Synthetic adsorbents and activated carbons for water treatment: overview and experimental comparisons
	Synthetic adsorbents and activated carbons for water treatment: statistical analyses and interpretations
	Controlling trihalomethanes with powdered activated carbons
	Activated carbon adsorption of humic substances
	An assessment of microbial activity on GAC

	September
	September 1981 Cover
	September 1981 Table of Contents
	September 1981 Letters
	Roundtable: The future of water supply
	Law and water
	Theme intro: Upgrading treatment plants
	New concepts in filtration plant design and rehabilitation
	Upgrading to increase treatment capacity
	Optimizing coagulation with pilot filters and zeta potential
	Upgrading water treatment plants in San Diego
	Evaluating a plant's potential for upgrading
	Declining-rate filtration
	Comparative performance of dual- and mixed-media filters
	Removing color and chloroform precursors from low turbidity waters by direct filtration
	Concrete pressure pipe performance in acid soils

	October
	October 1981 cover
	October 1981 Table of Contents
	Law and water
	Viewpoint: Drought:engineering end-product?
	Theme intro: Advances in analytical techniques
	Tailoring design of treatment plants to local conditions
	Hydrologic applications of weather and climate information
	Information management: a role for primacy agencies in the 80s
	Ground-level versus elevated storage
	Waterborne disease in the United States and Canada
	Closed-loop stripping analysis as a tool for solving taste and odor problems
	Limitations of standard coliform enumeration techniques
	Evaluating adsorbent filter performance for enteric virus concentrations in tap water
	Gas chromatographic techniques for  controlling organics removal processes
	Continuous, automated, and low-cost  monitoring of the organic content in water
	Notes and comments: leaching of organics from a PVC-polyethylene-plexiglass pilot plant

	November
	November 1981 Cover
	November 1981 Table of Contents
	November 1981 Letters
	Viewpoint: Will New Orleans miss the Mississippi?
	Face to face
	Law and water
	Theme intro: Sustaining distribution systems
	Leak detection programs recover revenues
	Leak detection-case histories
	Innovative design overcomes regulatory constraints on elevated water storage
	The siderite model of the formation of corrosion-resistant scales
	The search for a corrosion index
	Cavitation limits for valves
	Evaluating mediums and plating techniques for enumerating bacteria in water distribution systems
	"Application of the OECD eutrophication modeling approach to Lake Ray Hubbard, Texas"
	Lime softening sludge treatment and disposal

	December
	December 1981 Cover
	December 1981 Table of Contents
	December 1981 Letters
	Viewpoint: On a national water utilities bank
	Law and water
	Face to face
	Theme intro: Managing for productivity
	Improving productivity through work measurement
	Increasing meter readers' productivity
	Preventive maintenance programs-must a system be automated?
	Productivity gains through job reorganization and rotation
	Water representatives provide a systematic approach to meter reading
	Operator certification: 1980 status report
	"The behavior of asbestos-cement pipe under various water quality conditions: part 2, theoretical considerations"
	Specific and chelate exchangers: new functional polymers for water and wastewater treatment
	1981 Index


	1982
	January
	January 1982 Cover
	January 1982 Table of Contents
	Viewpoint: The real price of urban water
	Law and water
	Roundtable: Drought in the East: 1981 style
	Theme intro: Potable water: determining its price
	Conserving water through pricing
	Marginal cost and seasonal pricing of water service
	Costs for small systems to meet the national interim drinking water regulations
	A spatial costing system for drinking water
	Final report on metric units and sizes
	Factors affecting coliform bacteria growth in distribution systems
	Laboratory testing of ozonation systems prior to pilot-plant operations
	Electrophoretic mobility measurements in coagulation with aluminum salts
	Water reuse planning by means of an input-output table

	February
	February 1982 Cover
	February 1982 Table of Contents
	Viewpoint: Crisis-ridden water systems should go private
	Law and water
	Roundtable: Problems of small water systems
	Theme intro: Controlling organics: research update
	The cost effectiveness of public notifications of MCL violations
	Planning maintenance management
	Communicating with water utility customers
	Removing trihalomethane precursors by permanganate oxidation and manganese dioxide adsorption
	Effects of salts on activated carbon adsorption of fulvic acids
	Evaluating regenerated activated carbon through laboratory and pilot-column studies
	Reactivity of halogens with aqueous micropollutants: a mechanism for the formation of trihalomethanes
	Procedures for analyzing organic contaminants in drinking water
	Performance of granular activated carbon for total organic carbon removal

	March
	March 1982 Cover
	March 1982 Table of Contents
	March 1982 Letters
	Viewpoint: Regulations or public service? John C. Bumstead
	Law and water
	Roundtable: The runaway costs of construction for water utilities
	Theme intro: Planning for drought
	Drought-related water conservation efforts in Missouri
	Drought management: expecting the unexpected
	Industry helps conserve municipal water
	Water supply for New York City in the 1980s
	Economic analysis of water main breaks
	Considering sludge production in the selection of coagulants
	Investigation potential water contamination by petroleum-asphalt coatings in ductile-iron pipe
	Using pump curves and valving techniques for efficient pumping
	Addendum to: Evaluating regenerated activated carbon through laboratory and pilot-column studies

	April
	April 1982 Cover
	April 1982 Table of Contents
	Law and water
	Theme intro: Better water for the Americas
	Building water and sanitation projects in rural Guatemala
	Costs for supplying alternative community water and sanitation systems in Brazil
	Developing and applying international water quality guidelines
	Tracing well water pollution in a limestone aquifer
	Saving time during master plans and feasibility studies
	Removing soluble organic contaminants by lime-softening
	Adsorption of toxic and carcinogenic compounds from water
	Rapid-mix design for mechanisms of alum coagulation

	May
	May 1982 Cover
	May 1982 Table of Contents
	May 1982 Lettes
	Viewpoint: Water supply and distribution in larger communities
	Law and water
	Face to face
	Theme intro
	Construction services: a contractor's view
	Prequalifying construction contractors
	Hazardous material spills-are you ready?
	Customer awareness of public notification
	Factors that affect use of direct filtration in treating surface waters
	The effect of backwashing rate on filter performance
	Getting your money's worth from filtration
	Low-dosage high-rate direct filtration
	Energy-input-controlled direct filtration to control progressive eutrophication

	June
	June 1982 Cover
	June 1982 Table of Contents
	June 1982 Letters
	Face to face
	Viewpoint: The regulatory climate and the water utility manager
	Counterpoint: Risk: a regulator's perspective
	Law and water
	Theme intro: Devising water rates
	Water utility costs and rate design for fire protection services
	Water rates and residential water conservation
	Cost-based water rate design
	How rate structures and elasticities affect water consumption
	Policing demand through pricing
	Work management standards
	Statistical sampling technique for controlling the accuracy of small water meters
	Potable water treatment by dissolved air flotation and filtration
	Advanced water treatment for color and organics removal
	Nonstandard methods for enumerating bacteria in drinking water
	Viruses in a community water supply associated with an outbreak of gastroenteritis and infectious hepatitis

	July
	July 1982 Cover
	July 1982 Table of Contents
	Viewpoint: The abuse of science in public policy
	Law and water
	Face to face
	Theme intro: Water rights: competing for supplies
	Colorado water rights-an engineer's case studies
	East is West and West is West: Have the twain met?
	Decentralizing water resource planning and management
	Analysis of water supply costs in the Washington [D.C.] area
	The economics of municipal wastewater reuse
	Determining free available chlorine by DPD-colorimetric, DPD-Steadifac (colorimetric), and FACTS procedures
	Evaluating the potential for contaminating drinking water from the corrosion of tin-antimony solder
	Disinfection

	August
	August 1982 Cover
	August 1982 Table of Contents
	August 1982 Letters
	Counterpoint: Crisis-ridden water systems should go public
	Law and water
	Roundtable: Coping with rising energy costs
	Theme intro: Organic contaminants in groundwater
	Nuclear power reactor accidents and the role of water system managers
	Correlating a customer information system with online scheduling
	Alternatives for controlling organics in groundwater supplies
	Groundwater pollution: a case study
	Movement of organic contaminants in groundwater: implications for water  supply
	Treatment of drinking water containing trichloroethylene and related industrial solvents
	Direct filtration: polymer in backwash serves dual purpose
	"Performance variability, ranking, and selection analysis of membrane filters for enumerating coliform bacteria in river water"
	Long-term trends in nitrate concentration in Iowa water supplies

	September
	September 1982 Cover
	September 1982 Table of Contents
	Letters
	Viewpoint: Financial planning during times of economic uncertainty
	Face to Face
	Law and water
	Theme intro: Managing water utility finances
	Creative financing techniques for water utilities
	The role of investment banking firms in managing water project financing
	Funding improvements with debt capital and revenues
	Forecasting short-term revenues for water and sewer utilities
	The financial impact of water rate changes
	Asbestos analysis case history: surface water supplies in Southern California
	Evaluating water treatment techniques for barium removal
	Testing the membrane plugging factor in reverse osmosis
	Chlorophyll-a raw water quality parameter
	Technical note: removing trihalomethane formation potential by coagulation with activated silica and cationic polymer

	October
	October 1982 Cover
	October 1982 Table of Contents
	Letters
	Viewpoint: The need for preventive control of drinking water contaminants
	Law and water
	Theme intro: Water quality technology today
	Analyzing transportation-related hazardous material spills in New England
	Management's role in crime prevention
	Creating the Denver water department's security program
	Stress differs from distress
	Managing stress at the East Bay Municipal Utility District-a case study
	Groundwater quality management
	Detecting an algal toxin by high-pressure liquid chromatography
	Measuring chlorine dioxide with a rotating voltammetric membrane electrode
	Analyzing asbestos fibers in water by means of transmission electron microscopy
	New approaches to measuring total bacterial populations in water supplies
	Determining the concentration of easily assimilable organic carbon in drinking water
	Comparison of several instrumental methods for determining chlorine residuals in drinking water

	November
	November 1982 Cover
	November 1982 Table of Contents
	Letters
	Law and water
	Roundtable: Training managers for the 1980s
	Theme intro: Rehabilitating distribution systems
	Maintaining aging systems-Boston's approach
	Managing a comprehensive water main reconstruction program
	Designing and installing large steel water mains to prevent failures
	Maintaining distribution system valves and fire hydrants
	Constructing and maintaining distribution storage structures
	Inspecting, painting, and maintaining steel water tanks
	Organizing and analyzing leak and break data for making main replacement decisions
	Aqueous odor and taste threshold values of industrial chemicals
	Survey of polyelectrolyte coagulant use in the United States

	December
	December 1982 Cover
	December 1982 Table of Contents
	Letters
	Viewpoint: Changes proposed for water management in the United Kingdom
	Law and water
	Face to face
	Theme intro: Health effects of drinking water
	Recent developments in water treatment in France
	A model of costs for treating drinking water
	Obtaining analytical grasp of water distribution systems
	Drinking water and Legionnaire's Disease
	Evaluating potential health risks of consuming reused water
	Toxicological problems associated with alternative methods of disinfection
	The role of filtration in preventing waterborne disease
	The relationship of minerals commonly found in drinking water to atherosclerosis and hypertension in pigeons
	Comparative inactivation of six enteroviruses by ozone
	1982 Author Index


	1983
	January
	January 1983 Cover 
	January 1983 Table of Contents
	Viewpoint: How much preventive maintenance is too much?
	Counterpoint: Don't throw out the baby with the bath water
	January 1983 Letters
	Law and water
	Face to face
	President's message
	Theme intro: Solving economic problems
	Introduction to AWWA economics research committee report
	Economic research needs relevant to improved drinking water quality
	Research needs for water supply cost estimating
	Research needs for capacity planning
	A research agenda for municipal water demand forecasting
	Water pricing research needs
	The economics of leak detection and repair-a case study
	Standard plate count: a comparison of pour plate and spread plate methods
	Significance of eutrophication in water supply reservoirs
	Efficiency of point-of-use treatment devices
	"Disinfection, water quality control, and safety practices of the water utility industry in 1978 in the United States"

	February
	February 1983 Cover
	February 1983 Table of Contents
	February 1983 Letters
	Face to face
	Viewpoint: The cure for stress: a sense of humor
	Law and water
	Theme intro: Curbing corrosion
	Using water distribution system models
	Developing and monitoring municipal groundwater supplies in Florida
	Traffic control-safety's first line of defense
	Hidden costs of accidents can finance safety programs
	Principles of internal corrosion and corrosion monitoring
	The interior surface of galvanized steel pipe: a potential factor in corrosion resistance
	Plumbosolvency reduction by high pH and low carbonate-solubility relationships
	"Control of lead, copper, and iron pipe corrosion in Boston"
	An evaluation of the calcium carbonate saturation indexes
	"Corrosion study at Carbondale, Illinois"

	March
	March 1983 Cover
	March 1983 Table of Contents
	March 1983 Letters
	Viewpoint: Can the water supply industry fend for itself in the future?
	Law and water
	Face to face
	Theme intro: Finding alternative water supplies
	Desalting water in Florida
	Desalting-a water supply alternative for Virginia Beach
	Reusing cooling water in an electric power plant
	Designing and constructing the Trap Falls water treatment plant
	Formation of organic chlorine in public water supplies
	"The ecology of acid-fast organisms in water supply, treatment, and distribution systems"
	Desorption of compounds during operation of GAC adsorption systems
	Modeling copper corrosion in water with low conductivity by using electrochemical techniques
	Determining residual chlorine: effect of temperature on the titrametric starch-iodine end point

	April
	April 1983 Cover
	April 1983 Table of Contents
	Law and water
	Theme intro: Operating small water systems
	Theme intro Operating small water systems
	Managing countywide water services with satellite systems
	Organizing and managing South Dakota's rural water systems
	The Latin American approach to improving water supplies
	Management training programs for small water utilities
	Evaluating the economics of alternative technology for small water systems
	Tetrachloroethylene leached from lined asbestos-cement pipe into drinking water
	"Variations in particulate matter, algae, and bacteria in an uncovered, finished-drinking-water reservoir"
	"Free chlorine versus ammonia-chlorine: disinfection, trihalomethane formation, and zooplankton removal"
	Enterovirus removal by a full-scale tertiary treatment plant

	May
	May 1983 Cover
	May 1983 Table of Contents
	May 1983 Letters
	Viewpoint: Excessive zeal to publish
	Face to face
	Law and water
	Theme intro: Coagulation and flocculation
	Is a foreign assignment in your future?
	Treating surface waters for communities in developing countries
	Simplifying design of water treatment plants for developing countries
	Overview of rural water and sanitation programs for Latin America
	Chloride and alum as single and dual coagulants
	Preozonation as a coagulant aid in drinking water treatment
	Using by-products of an iron removal process to improve water treatment
	Removing nonvolatile organic chlorine and its precursors by coagulation and softening
	Using backwashing kinetics to evaluate attachment mechanisms and forces during filtration

	June
	June 1983 Cover
	June 1983 Table of Contents
	June 1983 Letters
	Viewpoint: A mayor looks at the Safe Drinking Water Act
	Law and water
	Roundtable
	Theme intro: Protecting groundwater resources
	From dream to reality: Lake Michigan water for four Chicago suburbs
	"The movement of typhoid organisms in saturated, permeable soil"
	Tetrachloroethylene contamination of groundwater in Kalamazoo
	Groundwater laws: opportunities for management and protection
	Protecting water supply aquifers in areas using deep-well wastewater disposal
	Contaminated groundwater treatability-a case study
	The chemistry of reduced sulfur species and their removal from groundwater supplies
	Relationship of bacterial counts with turbidity and free chlorine in two distribution systems
	Deterioration of water quality in large distribution reservoirs (open reservoirs)

	July
	July 1983 Cover
	July 1983 Table of Contents
	Roundtable: Water conservation-the nemesis of water utility revenue
	July 1983 Letters
	Viewpoint: The Los Angeles-Owens River Aqueduct
	Law and water
	Theme intro: Conserving water
	Denver's water conservation program
	Choosing the optimal water conservation policy
	Reducing water demand and wastewater flow
	Noncrisis use of household water-saving devices
	Minimum-flow plumbing fixtures
	Wastewater reuse: a resource or a nuisance?
	The design of in-line jet injection blenders
	Optimizing large-scale water treatment plants for asbestos-fiber removal
	Coliform occurrence and chlorine residual in small water distribution systems
	Removing uranium by current municipal water treatment processes
	Environmental studies of enteric bacteria longevity in membrane filter chambers

	August
	August 1983 Cover
	August 1983 Table of Contents
	Law and water
	August 1983 Letters
	Viewpoint: A water utility engineer assesses fundamental research
	Face to face
	Theme intro: Controlling trihalomethanes
	Public water systems and Superfund: recovering losses caused by contamination
	"Surviving the Johnstown, Pa., flood"
	Engineering water wells
	Granular activated carbon installations
	Evaluating GAC adsorptive capacity
	Trihalomethane removal by packed-tower aeration
	A predictive model for chloroform formation from humic acid
	Adsorption of chlorinated methanes from aqueous solution on selected plastic adsorbents
	Effects of prechlorination on THM formation and microbial growth in pilot-plant units
	The analysis of organohalides in water-an evaluation update

	September
	September 1983 Cover
	September 1983 Table of Contents
	September 1983 Letters
	Viewpoint: Calming troubled waters through regulatory reform
	Law and water
	Roundtable: Setting equitable water rates
	Theme intro: Financial planning
	Strategic financial planning
	Trends in the real price of water
	Base-extra capacity water rate design
	Indexing water rates
	Financing water utility improvements
	Effects of holding time and temperature on coliform numbers in drinking water
	Secondary utilization of trace organics by biofilms on porous media
	Determining velocity gradients in laboratory and full-scale systems
	Microbial alterations in water distribution systems and their relationship to physical-chemical characteristics
	Methods for testing the efficacy of ultraviolet light disinfection devices for drinking water

	October
	October 1983 Cover
	October 1983 Table of Contents
	October 1983 Letters
	Viewpoint: Conservation makes sense for all
	Law and water
	Theme intro: Saving energy costs
	Denver's foothills project: energy efficiency in action
	Energy efficiency through pipe design
	Energy-saving pump selection
	Optimizing pump operating costs
	Improving energy efficiency through computer modeling
	Fundamental characteristics of water treatment plant sludges
	Chlorinated acids and chloral in drinking water
	Cationic polyelectrolytes as primary coagulants for removing trihalomethane precursors
	Removing trihalomethane precursors from various natural waters by metal coagulants
	Removing uranium from drinking water by metal hydroxides and anion-exchange resin

	November
	November 1983 Cover
	November 1983 Table of Contents
	Viewpoint: Water supply and the new federalism: a foggy glimpse into the past and future
	Roundtable: Infrastructure-is urban water supply part of the problem?
	Law and water
	Theme intro: Strengthening distribution systems
	Telemetric control of water distribution systems
	Closed-loop pumping
	The effect of upstream piping on swing-check valves
	Maintaining distribution system valves
	Check valves with brains
	Coliforms in a water distribution system: a remedial approach
	Relationships between standard plate counts and other parameters in water distribution systems
	Axial and bending behavior of pipeline joints
	A statistical experimental design for comparison testing of analytical procedures
	Effect of sampling variables on recovery of volatile organics in water

	December
	December 1983 Cover
	December 1983 Table of Contents
	Law and water
	Face to face
	Theme intro: Salary benefits: Attracting effective personnel: water utility salaries and benefits
	Developing a salary program
	Tailoring benefits to attract effective managers
	Flexible benefits for employees
	Self-esteem in the workplace
	Changes in particle size distributions in batch flocculation
	Adsorption of humic substances: the effects of heterogeneity and system characteristics
	Developments in water softening by means of pellet reactors
	"Equivalency testing of procedures for measuring free available chlorine: amperometric titration, DPD, and FACTS"
	1983 Index


	1984
	January
	January 1984 Cover 
	January 1984 Table of Contents
	January 1984 Letters
	Viewpoint: A venture into the past and future
	Law and water
	Face to face: Environmentalist sees change in water industry's attitude
	Theme intro: Water storage: problems and solutions
	Evaluating the safety and seismic stability of embankment reservoirs
	Keeping old reservoirs active
	Cathodic protection of water storage tanks
	Computer modeling solves a water storage problem
	Steel water storage tanks
	Selecting and applying protective coatings
	"Determination of chlorine dioxide, chlorine, chlorite, and chlorate in water"
	Experience with chlorine dioxide in Brussels: generation of chlorine dioxide
	Chlorination-Filtration for iron and manganese removal
	Overland flow for iron removal from potable water
	The occurrence of aluminum in drinking water
	Committee Report: Comparison of alternative systems for controlling flow through filters

	February
	February 1984 Cover
	February 1984 Table of Contents
	February 1984 Letters
	Viewpoint: Service or disservice
	Law and water
	Roundtable: Construction management
	Theme intro: Minimizing construction problems
	Construction arbitration and mediation
	Negotiating construction claims
	Mediation: An alternative to litigation
	Liability for new products
	Key elements of construction specifications
	Transformations of tetrachloroethene in microcosms and groundwater
	Waterborne disease outbreaks-1946-1980: a thirty-five-year perspective
	Control of trihalomethane precursors in drinking water: granular activated carbon with and without preozonation
	Reducing tetrachloroethylene in vinyl-lined asbestos-cement pipes through cement-mortar linings
	Technical note: Adsorption of p-Dichlorobenzene from water

	March
	March 1984 Cover
	March 1984 Table of Contents
	March 1984 Letters
	Law and water
	Roundtable: Acid rain
	Theme intro: Acid rain
	Effects of acid rain on water supplies in the Northeast
	The dilemma of an acidic sky
	The effects of acid precipitation runoff on source water quality
	Current research on the effects of acid deposition
	Acid precipitation and drinking water supplies
	Field monitoring of chrysotile asbestos in California waters
	Temperature effects on the use of metal-ion coagulants ofr water treatment
	"Experience with chlorine dioxide in Brussels, part 2: methods for controlling chlorine dioxide operation"
	Air stripping of taste and odor compounds from water
	Controlling corrosion by controlling bacterial growth

	April
	April 1984 Cover
	April 1984 Table of Contents
	Law and water
	Theme intro: combating organic contaminants
	Controlling discharges of water plant wastes to the Ohio River
	Studies on home water treatment systems
	Developing joint water projects
	Biologically induced variations in the nature and removability of THM precursors by alum treatment
	The coagulation of humic substances by means of aluminum salts
	The removal of organic halide precursors by preozonation and alum coagulation
	Biological activated carbon-at what cost?
	Spectrophotometric determination of total trihalomethanes in finished waters
	Preventing haloform formation in treated surface water: a case study

	May
	May 1984 Cover
	May 1984 Table of Contents
	May 1984 Letters
	Turning uncertainty into opportunity
	Law and water
	Is the Ogallala aquifer endangered?
	Theme intro: Preserving groundwater quality
	Techniques for protecting groundwater quality
	Legal means of protecting aquifers
	Removing organics from groundwater through aeration plus GAC
	Sampling for organic contaminants in groundwater
	The groundwater supply survey
	Controlling attached blue-green algae with copper sulfate
	Chrysotile asbestos in California surface waters: from upstream rivers through water treatment
	Inorganic chloramines as drinking water disinfectants: a review

	June
	June 1984 Cover
	June 1984 Table of Contents
	June 1984 Letters
	Viewpoint: A perspective on the control of toxics
	Law and water
	Face to face: Chicago's water commissioner describes his city's system
	Theme intro: International water supply
	Water supply in the People's Republic of China
	Regional authorities support small water systems in the Americas
	Real world design: Appropriate technology for developing nations
	Consumer panels monitor taste of water in Rotterdam
	The Hardhof groundwater complex in Zurich
	Jordan meets water supply challenges
	How safe are organic polymers in water treatment
	Biofilm fouling of RO Membranes-its nature and effect on treatment of water for reuse
	THM precursors in the environment

	July
	July 1984 Cover
	July 1984 Table of Contents
	July 1984 Letters
	Viewpoint: system manager deplores cover-up compliance
	Law and water
	Roundtable: Is vandalism a threat to water utilities?
	Theme intro: Computers: the water industry's new friend
	METROCOM: An interactive database for managing a modern metropolis
	Computerized distribution records-CADD paves the way
	Microcomputer programs for designing water systems
	Calibrating water system models
	Pump station design: the benefits of computer modeling
	Computer modeling in water system planning and design
	A computer-assisted water system analysis and design for Charleston, S.C.
	Flocculation model testing: particle sizes in a softening plant
	Lower detection limits found for chlorine dioxide contaminants
	Sedimentation success from modified jar tests
	Ann Arbor controls trihalomethanes

	August
	August 1984 Cover
	August 1984 Table of Contents
	August 1984 Letters
	Viewpoint: The goal: a predictable national water policy
	Law and water
	Face to Face: Honolulu's unique groundwater sources
	Theme intro: Curtailing corrosion
	A history of the attempted federal regulation requiring GAC adsorption for water treatment
	A survey of problems with reverse osmosis water treatment
	Conducting an operator's training and certification study
	Improved methods of designing filter boxes
	Lead hazard controlled in Scottish water systems
	Conditions contributing to underground copper corrosion
	Temperature and ionic strength corrections to the Langelier index-revisited
	Pipe loop system augments corrosion studies
	Determining internal corrosion potential in water supply systems

	September
	September 1984 Cover
	September 1984 Table of Contents
	September 1984 Letters
	Viewpoint: Quality: an essential component of water resources
	Law and water
	Roundtable: Creating a positive public image
	Theme intro: Water rates: complying with reality
	Old water-New water: setting equitable water rates for suburban customers
	Computing water system development charges
	Water rates and the rate-setting process
	Single tariff pricing
	The common denominator: equivalent residential units
	Seasonal and time-of-day pricing
	Is hazardous waste disposal in clay vaults safe?
	Chlorine residual monitoring in the presence of N-organic compounds
	Effective manganese removal using lime as an additive

	October
	October 1984 Cover
	October 1984 Table of Contents
	October 1984 Letters
	Viewpoint: The Soviet view of the US drinking water industry
	Law and water
	Theme intro: Water quality: current issues
	Restoring well yield in the Netherlands
	An overview of water treatment practices in the United States
	Scuba diving: a tool for managing water quality
	Polymerized iron chloride: an improved inorganic coagulant
	Chemical indicators and surrogate parameters in water treatment
	Achieving biologically stable drinking water

	November
	November 1984 Cover
	November 1984 Table of Contents
	November 1984 Letters
	Viewpoint: A water utility executive looks into the future
	Law and water
	Roundtable: How safe should drinking water be?
	Theme intro: Distribution systems
	Development of revised primary drinking water regulations
	Water hammer: causes and effects
	Postprecipitation in distribution systems
	Distribution system maps and record-keeping
	Stresses in saddle-supported ductile-iron pipe
	Estimating mean coliform densities of water distribution systems

	December
	December 1984 Cover
	December 1984 Table of Contents
	December 1984 Letters
	Viewpoint: The need for filtration of surface water supplies
	Law and water
	Roundtable: Small water systems and their problems
	Theme intro: Filtration
	Conserving energy in water systems
	The application and effectiveness of slow sand filtration in the United States
	Slow sand and direct in-line filtration of a surface water
	Declining-rate filters: regulatory aspects and operating results
	Pilot-plant studies of slow-rate filtration
	1984 Subject Index


	1985
	January
	January 1985 Cover 
	January 1985 Table of Contents
	Letters
	Viewpoint Reaching the Goals of the International Drinking Water Decade
	Law and Water
	Roundtable Drinking Water Research:  How Are We Doing?
	Theme Intro Chloramines: A Practical Alternative?
	Denver's Seven Decades of Experience With Chloramination
	Converting From Chlorine to Chloramines:  A Case Study
	State Regulation of Chloramination
	Blending Chloraminated and Chlorinated Waters
	Technical Note:  Monochloramine Removal From Water by Activated Carbon
	Applying Analytical Techniques to Solve Groundwater Contamination Problems
	"Experience with Chlorine Dioxide in Brussels, Part 3:  Operational Case Studies"

	February
	February 1985 Cover
	February 1985 Table of Contents
	Letters
	Viewpoint  Is There a National Water Crisis
	Law and Water
	Roundtable  Waterborne Giardia:  It's Enough to Make You Sick
	Theme Intro  Giardiasis:  The New Waterborne Disease
	Nitrate Contamination:  Public Awareness
	Giardia lamblia and Water Supply
	Causes of a Waterborne Giardiasis Outbreak
	Removing Giardia Cysts with Slow Sand Filtration
	Evaluating Sedimentation and Various Filter Media for Removal of Giardia Cysts
	Removal of New Indicators by Coagulation and Filtration
	Bacterial Colonization of Point-of-Use Water Treatment Devices

	March
	March 1985 Cover
	March 1985 Table of Contents
	Letters
	Law and Water
	Viewpoint  Ingested Asbestos Deemed Benign
	Face to Face  Indian Water Rights
	Theme Intro  Coagulation
	Tastes and Odors:  The Flavor Profile Method
	An Evaluation of Public Notification Requirements in California
	Using Polymers with Direct Filtration
	Removing Color Caused by Humic Acids
	Removing Aquatic Humus From Norwegian Lakes
	Polyelectrolyte Selection for Water Treatment
	Polyaluminum Chloride and Alum Coagulation of Clay-Fulvic Acid Suspensions

	April
	April 1985 Cover
	April 1985 Table of Contents
	Letters
	Law and Water
	Theme Intro  Removing Trihalomethanes
	Bromide-Oxidant Interactions and THM Formation:  A Literature Review
	Surrogate Parameters for Monitoring Organic Matter and THM Precursors
	Removing Humic Substances by Chemical Treatment and Adsorption
	Energy Requirements for Air Stripping Trihalomethanes
	Organic Halogen Measurements:  Current Uses and Future Prospects

	May
	May 1985 Cover
	May 1985 Table of Contents
	Letters
	Law and Water
	Viewpoint  Securing Colorado's Water Future
	Face to Face
	Theme Intro  Groundwater
	Water Utility Operating Data:  An Analysis
	The Advantages of Dissolved-air Flotation for Water Treatment
	Uses of Recharge Wells in Water Supply
	Chlorinated Organics in Simulated Groundwater Environments
	Removing Barium and Radium Through Calcium Cation Exchange
	An AWWA Survey of Inorganic Contaminants in Water Supplies
	In-Home Treatment Methods for Removing Volatile Organic Chemicals
	Removal by Coagulation of Trace Organics From Mississippi River Water

	June
	June 1985 Cover
	June 1985 Table of Contents
	Letters
	Law and Water
	Viewpoint  Extending Rural Water Supplies in Developing Countries
	Face to Face  Creating Liaisons Abroad
	Theme Intro  Water:  An International Perspective
	The Amsterdam Water Supply
	Water Resources in Thailand's Resettled Villages
	Tomorrow's Technology for Today's Problems
	The Old and the New:  Bogota's Water Plants
	Developing Regional Water Systems in the Netherlands
	Metal Mobilization in Home Well Water Systems in Nova Scotia
	Enumerating Injured Coliforms in Drinking Water
	Reduction of Turbidity by Coal-Aluminum Filter

	July
	July 1985 Cover
	July 1985 Table of Contents
	Letters
	Face to Face  Denver's Reuse Demonstration Plant:  Forerunner of the Future?
	Viewpoint  Reuse:  Panacea or Pie in the Sky?
	Law and Water
	Theme Intro  Water Reuse:  The Second Time Around
	The Current Status of Denver's Potable Water Reuse Project
	Water Reuse in California
	Obtaining Public Support for Reuse Water
	Paying for Reuse Water
	Reclaiming Desert Lands Through Water Reuse
	Health Effects of Indirect Potable Water Reuse
	Bacterial Adhesion and Fouling of Reverse Osmosis Membranes

	August
	August 1985 Cover
	August 1985 Table of Contents
	Letters
	Viewpoint  The Next Five Years
	Law and Water
	Roundtable  Trends in Ozonation
	Theme Intro  Ozone Comes to America
	Management Audits:  A Tool for Water Utilities
	Corps of Engineers Develops Water Supply Tools
	Controlling Algae in Water Supply Impoundments
	A Treatment Plant Operator Assesses Ozonation
	Prepurchasing Ozone Equipment
	Factors Controlling the Removal of Organic Pollutants in Ozone Reactors
	Using Ozone and Ultrasound to Reduce RO Membrane Fouling
	Ozone_GAC Following Conventional US Drinking Water Treatment
	Effects of Ozone and Storage Temperature on Giardia Cysts
	Removing Fulvic Acid by Lime Softening

	September
	September 1985 Cover
	September 1985 Table of Contents
	Letters
	Viewpoint  The Specter of Cities Without Water
	Law and Water
	Face to Face
	Theme Intro  Allocating Water Supplies
	Competing Uses for Limited Water
	Water Rights in an Age of Anxiety
	Water Resource Planning for Maximum Benefit
	Meeting Streamflow Requirements
	Water:  Allocating a Scarce Resource
	226Ra and 228Ra in Water Supplies
	Modern Techniques in Well Design
	Committee Report:  Current Practice in Bacteriological Sampling

	October
	October 1985 Cover
	October 1985 Table of Contents
	Letters
	Viewpoint  Public Relations:  More Brains Than Bucks
	Law and Water
	Theme Intro  Corrosion
	The Evolution of Water Demand Forecasting
	Developing a New Edition of Standard Methods
	Dezincification Update
	Pitting in Copper Water Tubing
	Pilot-plant Simulation of Corrosion in Domestic Pipe Materials
	Calculation the pH of Calcium Carbonate Saturation
	Technical Note:  Experimental Determination of the Calcium Carbonate Saturation States of Water Systems
	Controlling Trihalomethane Formation Potential by Chemical Treatment and Adsorption
	Reducing Aluminum Residuals in Finished Water

	November
	November 1985 Cover
	November 1985 Table of Contents
	Letters
	Viewpoint  The Media's Premature Publication of Scientific Information
	Roundtable  Should Lead Solder Be Banned?
	Law and Water
	Theme Intro  From Source to Spigot:  Water Distribution Systems
	Planning and Implementing a Dual Distribution System
	Polyethylene and Polybutylene Pipe and Tubing:  A Status Report
	Reusing Power Plant Cooling Water to Reduce Main Breaks
	Emerging Trends in Infrastructure Financing
	Prediction of Organic Chemical Permeation Through PVC Pipe
	Lead Dissolution From Soldered Joints
	Identifying Water Main Leaks With Trihalomethane Tracers
	Effects of Water Quality Parameters on the Corrosion of Galvanized Steel
	Recovery of Coliforms in the Presence of a Free Chlorine Residual

	December
	December 1985 Cover
	December 1985 Table of Contents
	Letters
	Viewpoint  Regan Tax Reform Inhibits Public Debt
	Roundtable  Is Mandatory Filtration of Surface Supplies Feasible?
	Theme Intro  Filtration
	Managing an Unfiltered Water Supply
	Assuring Accurate Model Calibration
	Two-Stage Filtration
	The Effect of Slow Sand Filter Maintenance on Water Quality
	Direct Filtration:  An Australian Study
	Slow Sand Filtration:  Influences of Selected Process Variables
	Hydraulic Behavior of Declining-Rate Filtration
	1985 Subject Index


	1986
	January
	January 1986 Cover 
	January 1986 Table of Contents
	January 1986 Letters
	Roundtable: Applying health effects research
	Law and water
	Theme intro: Microbes and other menaces
	Waterborne viral gastroenteritis
	Gastroenteritis: case study of a Colorado outbreak
	Potential health effects of mercury in water supply wells
	Chlorination to prevent and control waterborne diseases
	Fungi in potable water distribution systems
	Isolating viruses from finished water
	Effects of chlorine and ammonia application points on bactericidal efficiency
	Legionella contamination of a preoperational treatment plant
	Diatomaceous earth filtration of Giardia cysts and other substances 

	February
	February 1986 Cover
	February 1986 Table of Contents
	February 1986 Letters
	Viewpoint: Privatization could ease water crises
	Law and water
	Roundtable: Privatization: pros and cons
	Theme intro: Privatization: trend of the future?
	Privatizations of water systems in France
	An engineer's view of privatization: the Chandler experience
	Private sector financing for water systems
	Private operation of US water utilities
	Full-cost water pricing
	Removing trihalomethanes by packed-column and diffused aeration
	The stability of turbidity in raw water and its relationship to chlorine demand
	The nature of organics removed during treatment of Mississippi River water
	Desorption of organics formed on activated carbon

	March
	March 1986 Cover
	March 1986 Table of Contents
	March 1986 Letters
	Viewpoint: Britain's government may privatize regional water authorities
	Face to face: Introducing AWWA's new director
	Law and water
	Theme intro: Tastes and odors
	Variance analyses and criteria for treatment regulations
	Flavor profile analysis: taste and odor control of the future
	A case study of geosmin in Philadelphia's water
	Oxidation of five earthy-musty taste and odor compounds
	The chemistry and physiology of odor sensitivity
	An early warning system for taste and odor control
	Chlorine dioxide for taste and odor control
	Returning recently covered reservoirs to service: Health and aesthetic considerations

	April
	April 1986 Cover
	April 1986 Table of Contents
	Law and water
	Theme intro: Controlling organics
	Design of the GAC treatment facility at Cincinnati
	"THM and TOX formation: routes, rates, and precursors"
	Removing trace organics by reverse osmosis using cellulose acetate and polyamide membranes
	Using isotope dilution mass spectrometry to determine aqueous trichloroacetic acid
	Competitive adsorption among VOCs on activated carbon and carbonaceous resin
	Effects of Low Temperature on the Removal of Trihalomethane Precursors by Coagulation

	May
	May 1986 Cover
	May 1986 Table of Contents
	Letters
	Viewpoint  Industrial Customers:  How They Affect Water Utilities
	Law and Water
	Roundtable  Voluntary Research Subscription Program 
	Theme Intro  Industrial Water
	Choosing a Second Generation Computerized Billing System
	Regional Reactivation of Granular Activated Carbon
	Water Rates:  An Industrial User's View
	Industrial Use of Reverse Osmosis
	A Zero Discharge Steam Electric Power Generating Station
	Posttreatment of Reverse Osmosis Product Waters
	Removing Giardia Cysts From Low Turbidity Waters by Rapid Rate Filtration
	Removal of Dissolved Organic Carbon by Coagulation With Iron Sulfate
	Ion Exchange for the Removal of Nitrate From Well Water
	Influence of pH on the Removal of Organics by Granular Activated Carbon
	"Technical Note:  Biological Removal of Ammonia at Roxana, Illinois"

	June
	June 1986 Cover
	June 1986 Table of Contents
	Letters
	Viewpoint  Granting Variances:  A Postmortem Approach
	Law and Water
	Face to Face  Water in Latin America
	Theme Intro  Chlorine Dioxide
	Public Attitudes Toward Water Utilities
	Reducing the Cost of Water
	Managing Droughts Through Triggering Mechanisms
	Tucson's Customer Relations Program
	Penal Sums of Performance Bonds:  The Illusion of Certainty
	A Review of Chlorine Dioxide in Drinking Water Treatment
	Toxicological Problems Associated With Chlorine Dioxide
	Experience With Chlorine Dioxide at Denver's Reuse Plant
	Using Chlorine Dioxide for Trihalomethane Control
	Removal of By-products of Chlorine and Chlorine Dioxide at a Hemodialysis Center

	July
	July 1986 Cover
	July 1986 Table of Contents
	Letters
	Viewpoint  Turning Problems Into Advantages
	Law and Water
	Face to Face  CEFIGRE's Training Program
	Theme Intro  Quenching the World's Thirst
	The French Connection:  Cuisine and Water Treatment
	Providing Water for the Ile de France
	Upland Watershed Management in Rural Pakistan
	The Solution to Oman's Thirst
	Organizational and System Improvements in Cairo
	A New Approach to Treatment Plant Design and Construction in Latin America
	Optimizing Direct Filtration in Brasilia

	August
	August 1986 Cover
	August 1986 Table of Contents
	Letters
	Viewpoint  Drinking Water Quality:  How Far Do We Go?
	Law and Water
	Face to Face  Chuck Outlines Goals for AWWA
	Theme Intro  Microchip Management:  Computers in the Water Industry
	A Computer Hardware Primer
	Computer-Controlled Groundwater Management in Zurich
	Honolulu's New SCADA System
	Automating Water Consumption Data Manipulation
	Simulating Water System Operation during Periods of Drought
	Developing and Applying the Water Supply Simulation Model
	Amended SDWA Marks New Era in the Water Industry
	Nitrification and Nitrosation on the Surface of GAC
	Influence of Floc Size Distribution on Clarification
	Influence of Coagulation on Removal of Organics by Granular Activated Carbon

	September
	September 1986 Cover
	September 1986 Table of Contents
	Viewpoint  The Small Plant Operator's Role as Scientist
	Law and Water
	Theme Intro  Safeguarding Groundwater
	Protection and Management of Spokane's Sole Source Aquifer
	Chemical Monitoring of Wisconsin's Groundwater
	Removing Contaminants by Groundwater Recharge Basins
	Responding to Industrial Contamination of Groundwater:  A Case Study
	Design and Evaluaton of an Air-Stripping Tower for Removing VOCs From Groundwater
	"Weak-Acid Ion Exchange for Removing Barium, Radium and Hardness"
	Occurrence and Public Health Significance of Invertebrates in Drinking Water Systems

	October
	October 1986 Cover
	October 1986 Table of Contents
	Letters
	Viewpoint  A New Era in Western Water Policy
	Law and Water
	Face to Face  After the Desert Has Bloomed
	Theme Intro  Water Law in the West
	Western Water Law in Transition
	Indian Reservation Water Rights
	Water Management in Indian Country
	Reallocating Water in the West
	Public Rights at the Headwaters
	Arizona's Groundwater Code:  Strength in Compromise
	Groundwater Recharge:  Enhancing Arizona's Aquifers

	November
	November 1986 Cover
	November 1986 Table of Contents
	Viewpoint  Ban on Asbestos-Cement Pipe Needed
	Law and Water
	Roundtable  Are Asbestos Fibers in Drinking Water Harmful?
	Theme Intro  Distribution System Problems
	Water Systems Standards Survey
	Restoring the Flow of a Finished Water Pipeline
	Water Contamination Caused by Gasoline Permeating a Polybutylene Pipe
	The Economics of Remote Meter Reading
	Evaluating Relative Stringencies of Existing and Proposed Microbiological MCLs
	Test Procedures for Determining Cavitation Limits in Control Valves
	Surface Chemistry in Water Treatment:  Reactions at the Solid-Liquid Interface
	Chemical Products and Toxicologic Effects of Disinfection
	Evaluating Activated Carbons for Removing Low Concenttations of Taste- and Odor-Producing Organics
	Ozonation:  An Economic Choice for Water Treatment

	December
	December 1986 Cover
	December 1986 Table of Contents
	Viewpoint  The Water Utility Manager's Role in the Legislative Process
	Law and Water
	Roundtable  Alternatives to Central Water Treatment
	Theme Intro  Filtration
	Comparing Constant-Rate and Declining-Rate Direct Filtration of a Surface Water
	Design and Operation of a Slow Sand Filter
	Rapid Rate Filtration of Low Turbidity Water Using Field-Scale Pilot Filters
	Implementing Direct Filtration and Natural Freezing of Alum Sludge
	Effects of Cationic Polyelectrolytes on the Removal of Suspended Particulates During Direct Filtration
	Prediciting the Expansion Behavior of Filter Media
	1986 Subject Index


	1987
	January 
	January 1987 Cover 
	January 1987 Table of Contents
	Law and Water
	Face to Face
	Theme Intro  Organics:  Paying the Price
	Training panelists for the Flavor Profile Analysis Method
	Modeling TOC Removal by GAC:  The General Logistic Function
	Preventing the Formation of Trihalomethanes in Florida Groundwater
	Comparing Gel Permeation Chromatography and Ultrafiltration for the Molecular Weight Characterization of Aquatic Organic Matt
	Developing Haloform Formation Potential Tests
	Designing a Cost-Efficient Air-Stripping Process
	The Bioregeneration of GAC Used to Treat Micropollutants
	Design Considerations for GAC Treatment of Organic Chemicals

	February
	February 1987 Cover
	February 1987 Table of Contents
	Letters
	Viewpoint  Surviving a Media Blitz
	Law and Water
	Face to Face  Challenges in the Offing for Water Utilities
	Theme Intro  Fighting Corrosion
	Dredging to Reduce Asbestos Concentrations in the California Aqueduct
	Protection of Waterlines Traversing a Hazardous Waste Landfill
	Designing Water Treatment Facilities
	Mitigating Copper Pitting Through Water Treatment
	Influence of Buffer Capacity, Chlorine Residual, and Flow Rate on Corrosion of Mild Steel and Copper
	Corrosion Monitoring and Control in the Pacific Northwest
	The Effects of Short-Term Changes in Water Quality on Copper and Zinc Corrosion Rates

	March
	March 1987 Cover
	March 1987 Table of Contents
	Law and Water
	Viewpoint  A Tale of 26 Million Good Intentions
	Roundtable  Managing Water to Promote Conservation
	Theme Intro  Conservation:  Managing Water Wisely
	Water Conservation and Management in Barrow, Alaska
	Water Conserving Landscapes Show Impressive Savings
	Reform in Costing and Pricing Water
	Public Attitudes Toward Water Conservation
	The Effectiveness of Residential Water Conservation Measures
	Socioeconomic Factors Affecting Water Conservation in Southern Texas
	Using Asiatic Clams as a Biomonitor for Chrysotile Asbestos in Public Water Supplies
	Using Alternative Oxidants to Remove Dissolved Manganese From Waters Laden With Organics
	The Importance of Whiting as a Component of Raw Water Turbidity

	April
	April 1987 Cover
	April 1987 Table of Contents
	Viewpoint
	Law and Water
	Theme Intro
	Radionuclides in Drinking Water:  An Overview
	Estimating the Health Risks of Radon in Drinking Water
	The Transfer of Radon From Domestic Water to Indoor Air
	Point-of-Entry Removal of Radon From Drinking Water
	Radium Removal Using Sorption to Filter Sand
	The Potential Toxicity of Uranium in Water

	May
	May 1987 Cover
	May 1987 Table of Contents
	Letters
	Viewpoint  Utility Sharing Is Like Getting Married
	Law and Water
	Face to Face  Incoming AWWA President Discusses Next Year's Agenda
	Theme Intro  Helping Small Systems
	Innovative State Policies for Aiding Community Water Suppliers
	Regulatory Dilemmas Ensnare Arizona's Small Water Companies
	A Water Resources Audit for Small Communities
	Curbing THMs in Small Water Systems
	Applying Economic Principles to Small Water Systems
	Air-Water Phase Equilibria of Volatile Organic Solutes
	Operational Variables and the Release of Colonized Granular Activated Carbon Particles in Drinking Water
	Occurrence, Significance, and Detection of Klebsiella in Water Systems
	Committee Report:  Microbiological Considerations for Drinking Water Regulation Revisions

	June
	June 1987 Cover
	June 1987 Table of Contents
	Law and Water
	Roundtable  Sludge:  The Disposal Dilemma
	Theme Intro  Sludge
	Using Peaking Factors to Update Water Rates
	High-Efficiency Motors
	Data Bases:  Getting the Most for Your Money
	Water Utility Makes Use of National Weather Service Radar
	Effects of Storage and Preoxidation on Sludge and Water Quality
	Testing of Alum Recovery for Solids Reduction and Reuse
	Silvicultural Application of Alum Sludge
	Effects of Coagulation on Sludge Thickening and Dewatering
	Committee Report:  Research Needs for Alum Sludge Discharge

	July
	July 1987 Cover
	July 1987 Table of Contents
	Letters
	Viewpoint  Past, Present, and Future of Water Management in the UK
	Law and Water
	Roundtable  Why Test and Approve Additives
	Theme Intro  International Water Supply
	Water Supply in Micromesia
	Operation and Maintenance of Water Systems in Developing Countries
	The Survival of Father Rhine
	Increasing Water Supplies in the Iberian Peninsula
	Developing Models for Predicting Trihalomethane Formation Potential and Kinetics
	Removing Trihalomethane Precursors by Coagulation
	Removal of Taste- and Odor-Causing Compounds by Biofilms Grown on Humic Substances
	Dead Ends, Red Water and Scrap Piles
	Effects of Several Ions on Iron Treatment by Sodium Silicate and Hypochlorite

	August
	August 1987 Cover
	August 1987 Table of Contents
	Law and Water
	Roundtable  Effects of the 1986 Tax Law on Water Utilities
	Theme Intro  Groundwater
	Reservoir Management
	Establishing a Maintenance Program
	Organic Contamination of Groundwater:  A Learning Experience
	"Removing Managanese From Water at Fredericton, N.B., Canada"
	Removing VOCs From Groundwater Containing Humic Substances by Means of Coupled Air Stripping and Adsorption
	Using Reverse Osmosis to Remove Agricultural Chemicals From Groundwater
	Removing Arsenic From Drinking Water
	"Strong-Acid Ion Exchange for Removing Barium, Radium and Hardness"
	Applying Membrane Processes to Groundwater Sources for Trihalomethane Precursor Control

	September
	September 1987 Cover
	September 1987 Table of Contents
	Letters
	Law and Water
	Designing Water Treatment Facilities
	Foothills:  A State-of-the-Art Water Treatment Plant
	Upgrading a Landmark Water Treatment Plant
	Evaluating Treatment Plants for Particulate Contaminant Removal
	Design Options for Water Filtration
	Chlorine Dioxide Effects on THMFP, TOXFP, and the Formation of Inorganic By-products
	The Influence of Bromide Ion on Organic Chlorine and Organic Bromine Formation During Free Chlorination
	Committee Report:  Research Needs for the Treatment of Iron and Manganese
	Technical Note:  Proper Use of The Unit mg as CaCO3/L

	October
	October 1987 Cover
	October 1987 Table of Contents
	Letters
	Viewpoint  Point of Use and Point of Entry:  An Industry Overview
	Law and Water
	Home Water Treatment:  Is It Feasible?
	Theme Intro  Home Treatment:  An Alternative for Compliance
	Responding to Customer Concerns About Home Treatment Devices
	Organizing Water Quality Districts in New York State
	Testing and Evaluating Point-of-Use Treatment Devices in Canada
	Point-of-Use Treatment for Turbidity Removal in a Municipal System
	Point-of-Use and Point-of-Entry Drinking Water Treatment
	Microbiological Characteristics of-Use Devices
	Microbiological Characteristics of Point-of-Use Precoat Carbon Filters
	Point-of-Use and Point-of-Entry Treatment on Long Island
	"Controlling Arsenic, Fluoride and Uranium by Point-of-Use Treatment"
	Modeling Point-of-Entry Radon Removal by GAC

	November
	November 1987 Cover
	November 1987 Table of Contents
	Law and Water
	Roundtable  Trends in Privatization of Water Utilities
	Theme Intro  Distribution Systems
	Effects of Waste Discharges on Mississippi River Sediments
	Replacement Rules for Water Mains
	Seattle's Experience With Distribution System Sampling
	Design Considerations and Operating Tips for Small Residential Systems
	Using Elevated Storage and Off-Peak Pumping to Control Energy Cost
	Comparing Three Sampling Designs for Monitoring Coliforms in Small Community Water Systems
	Modeling the Propagation of Waterborne Substances in Distrubution Networks
	Frequency-of-Occurrence Monitoring for Coliform Bacteria in Small Water Systems
	The Treatability of Manganese by Sodium Silicate and Chlorine
	Evaluating Alternative Coagulants to Determine Efficiency and Cost Effectiveness
	Technical Note:  The Formation of Chlorate From the Reaction of Chlorine and Chlorite in Dilute Aqueous Solution

	December
	December 1987 Cover
	December 1987 Table of Contents
	Letters
	Law and Water
	Roundtable  Debating Recreational Use
	Theme Intro  Focusing on Filtration
	An Overview of Filtration
	Replacing Sand With GAC in Rapid Gravity Filters
	Optimizing the Placement of GAC filtration units 
	Optimizing the Placement of GAC Filtration Units
	Improving the Initial Effluent Quality of a Dual-Media Filter by Coagulants in Backwash
	Granular Activated Carbon Filter-Adsorber Systems
	Schmutzdecke Characterization of Clinoptilotle_Amended Slow Sand Filtration
	1987 Subject Index


	1988
	January
	January 1988 Cover 
	January 1988 Table of Contents
	Viewpoint  Implementing the New Regulations:  A State Regulatory View
	Law and Water
	Face to Face  More Regulation, More Responsibility
	Theme Intro  Drinking Water Standards
	SDWA Amendments:  Effects on the Water Industry
	Assessing Unfiltered Water Supplies
	Enforcement:  USEPA Turns Up the Heat
	Implementing a Lead Solder Ban
	International Standards for Drinking Water
	AWWARF Trihalomethane Survey
	Disinfecting Water With a Mixture of Free Chlorine and an Organic N-Halamine
	Selecting Coagulant, Filtration and Sludge-Conditioning Aids

	February
	February 1988 Cover
	February 1988 Table of Contents
	Viewpoint  Regulation at the Customer's Tap
	Law and Water
	Roundtable  Cryptosporidium
	Theme Intro  Noncoliform Pathogens
	Ensuring the Security of Public Water Supplies
	Selecting Optimal Pipe Sizes for Water Distribution Systems
	Surface Water Supplies and Health
	Occurrence and Significance of Cryptosporidium in Water
	Removal of Hepatitis A Virus and Rotavirus by Drinking Water Treatment
	Removing Giardia Cysts and Other Particles From Low Turbidity Waters Using Dual-Stage Filtration
	Investigation of Legionella pneumophila in Drinking Water
	Environmental Aspects of Legionnaires' Disease

	March
	March 1988 Cover
	March 1988 Table of Contents
	Viewpoint  Irrigation Districts:  Obstacles to Water Marketing
	Law and Water
	Face to Face  Water Marketing:  An Overview
	Theme Intro  Water Marketing
	Dealing for Water in the West:  Water Rights as Commodities
	Water Marketing in Southern California
	Urban Use of Arizona's Rural Groundwater
	Mitigating Third-Party Effects
	Protecting Social Values in Western Water Transfers
	Discovery and Elimination of Dioxins From a Carbon Reactivation Process
	Optimizing the Removal of Geosmin and 2-Methylisoborneol by Powdered Activated Carbon
	Determining Ultratrace Metal Concentrations by Inductively Coupled Plasma Emission Spectrometry

	April
	April 1988 Cover
	April 1988 Table of Contents
	Letters
	Law and Water
	Theme Intro  Coagulation
	Survey of Residual Aluminum in Filtered Water
	Polyelectrolyte Characteristics and Flocculation
	Comparing Aluminum and Iron Coagulants for In-line filtration of Cold Water
	Aluminum-Fulvic Acid Interactions:  Mechanisms and Applications
	Mechanisms of Coagulation With Aluminum Salts
	Bench-Scale Evaluation of Coagulants for Low Turbidity Water
	Discovery and Elimination of Dioxins From a Carbon Reactivation Process
	Optimizing the Removal of Geosmin and 2-Methylisoborneol by Powdered Activated Carbon
	Determining Ultratrace Metal Concentrations by Inductively Coupled Plasma Emission Spectrometry

	May
	May 1988 Cover
	May 1988 Table of Contents
	Law and Water
	Face to Face  Public Info Top Priority
	Theme Intro  Organics
	Concepts of Well Cleaning
	Organic Contaminant Removal by Coagulation and Related Process Combinations
	Advanced Oxidation Processes for Treating Groundwater Contaminated With TCE and PCE:  Laboratory Studies
	Advanced Oxidation Processes for Treating Groudwater Contaminated With TCE and PCE:  Pilot-Scale Evaluations
	Using GAC to Remove VOCs From Air Stripper Off-Gas
	Granular Activated Carbon for Controlling THMs

	June
	June 1988 Cover
	June 1988 Table of Contents
	Letters
	Viewpoint  Rural Water Supply Improvements: Lessons Learned From the Water Decade
	Law and Water
	Face to Face  A New Age at AWWA
	Theme Intro  World Water
	Networking Urban Water Supplies in West Africa
	Using Moringa Seeds as Coagulants in Developing Countries
	Central Softening by Crystallization in a Fluidized-Bed Process
	Improving Water Supply in Thailand
	Development and Management of Groundwater Resources on Diego Garcia
	Twinning:  Utility Pairing
	Controlling Swampy Odors in Drinking Water
	Trihalomethane Formation in High-Bromide Lake Galilee Water
	Evaluating Modifications to the MF Total Coliform Method for Drinking Waters With High Noncoliform Backgrounds
	Growth Kinetics of Hydroxide Flocs

	July
	July 1988 Cover
	July 1988 Table of Contents
	Reflections  Does AWWA Matter?
	Law and Water
	Roundtable  Compliance Monitoring
	Theme Intro  Radionuclides
	Radionuclides in Drinking Water
	Occurrence of Radon in Well Supplies
	Disposal of Radium Removed From Drinking Water
	Operating a Small Full-Scale Ion Exchange System for Uranium Removal
	"Occurrence of Radon, Radium, and Uranium in Groundwater"
	Evaluating Various Adsorbents and Membranes for Removing Radium From Groundwater
	Methods for Removing Uranium From Drinking Water

	August
	August 1988 Cover
	August 1988 Table of Contents
	Letters
	Reflections  The Press and the Water Industry
	Law and Water
	Face to Face  Small Systems
	Theme Intro  Small Systems-Big Problems
	The Role of the States in Solving the Small System Dilemma
	SDWA Amendments:  Small Community Compliance
	Financing Strategies for Small Systems
	AWWA Small Systems Program
	Rural Community Assistance Program
	Source Protection and the Small Utility
	Design Considerations for Package Water Treatment Systems
	The New Regulations-A Challenge for Small Systems
	Comparing Headspace With Purge and Trap for Analysis of Volatile Priority Pollutants
	Ozone-Induced Particle Destabilization

	September
	September 1988 Cover
	September 1988 Table of Contents
	Reflections  The Fine Art of Horn Tooting
	Law and Water
	Theme Intro  Disinfection
	Dependable Yield Evaluations  How Much Water Is Really There?
	Effects of Conservation on Daily Water Use
	1988 National Water Rate Survey
	Biological Processes in Drinking Water Treatment
	Methods of Measuring Disinfectants Residuals
	Biological Nitrification in Covered Reservoirs Containing Chloraminated Water
	Resistance of Bacterial Subpopulations to Disinfection by Chlorine Dioxide

	October
	October 1988 Cover
	October 1988 Table of Contents
	Letters
	Reflections  How to Succeed in a Really Big Business
	Viewpoint  Telling Our Side of the Story
	Law and Water
	Roundtable  Building Public Confidence
	Theme Intro  Enhancing Public Confidence
	Preparing for Tomorrow's Challenges
	Cultivating Consumer Confidence Through Communication
	Can Public Notification Work for You?
	Management Aspects of Public Notification Requirements
	Risk Communication:  An Avenue for Public Involvement
	Effects of Ozonation on Tastes and Odors
	Using Headspace Sampling With Capillary Column GC-MS to Analyze Trace Volatile Organics in Water and Wastewater
	A Review of Solid-Solution Interactions and Implications for the Control of Trace Inorganic Materials in Water Treatment

	November
	November 1988 Cover
	November 1988 Table of Contents
	Reflections   Flying the International Flag
	Law and Water
	Roundtable  Monitoring at the Tap
	Theme Intro  Distribution Systems
	Predicting Internal Roughness in Water Mains
	An Improved Method for Corrosion-Rate Measurement by Weight Loss
	Trace Metal Contamination From Brass Fittings
	The Role of Bicarbonate in Bacterial Growth in Oligotrophic Waters
	Predicting Pipeline Frost Load
	Selected Drinking Water Characteristics and Attached Microbial Population Density

	December
	December 1988 Cover
	December 1988 Table of Contents
	Letters
	Reflections  A Conversation About Health Effects
	Law and Water
	Roundtable  Slow Sand Filtration
	Theme Intro  Filtration
	Some Theoretical and Conceptual Views of Filtration
	Developing a Sand-GAC Filter to Achieve High-Rate Biological Filtration
	Physicochemical Aspects of Particle Removal in Depth Filtration
	Soluble Manganese Removal on Oxide-Coated Filter Media
	Optimizing Manganese Removal and Washwater Recovery at a Direct Filtration Plant in Brazil
	1988 Subject Index


	1989
	January
	January 1989 Cover 
	January 1989 Table of Contents
	Reflections  Revolutions Are Hard Work
	Law and Water
	Roundtable  Enforcing Drinking Water Regulations
	Theme Intro  Organics
	Identifying Efficient Pump Combinations
	Cost Estimates for GAC Treatment Systems
	Treatment of Seasonal Pesticides in Surface Waters
	Activated Alumina for Removing Dissolved Organic Compounds
	Acid-Base Reactions in Gas Transfer:  A Mathematical Approach
	Designing Fixed-Bed Adsorbers to Remove Mixtures of Organics
	Air-Stripping Mass Transfer Correlations For Volatile Organics

	February
	February 1989 Cover
	February 1989 Table of Contents
	Reflections  Three Thoughts for the Price of One
	Law and Water
	Roundtable Human Resources in the Water Industry
	Theme Intro  Computers
	Demand Forecasting:  A Model for San Francisco
	Identifying Vulnerable Surface Water Utilities
	The Computer as Negotiator
	Committee Report:  Computers in the Water Industry
	Asbestos in Drinking Water Supplied Through Grossly Deteriorated A-C Pipe
	Free Chlorine Versus Monochloramine for Controlling Off-Tastes and Off-Odors
	Field Experience With Point-of-Use Treatment Systems for Arsenic Removal
	Using Activated Carbon to Remove Toxicity From Drinking Water Containing Cyanobacterial Blooms

	March
	March 1989 Cover
	March 1989 Table of Contents
	Reflections  Coming:  Our Own Congressional Campaign
	Law and Water
	Face to Face  Uniting the World of Water
	Theme Intro  Water Conservation
	Long-Term Option for Municipal Water Conservation
	Cost-Benefit Analysis of Conservation Programs
	New Massachusetts Toilet Standard Sets Water Conservation Precedent
	The Performance of Ultra-Low-Volume Flush Toilets in Phoenix
	Demand Management Factors in Residential Water Use:  The Southern Arizona Experience
	Effectiveness of Conservation-Oriented Water Rates in Tucson
	Effects of Various Parameters on the Thickening of Softening Plant Sludges
	Using Streaming Current Detectors in Water Treatment

	April
	April 1989 Cover
	April 1989 Table of Contents
	Reflections  In Remembrance of Abel Wolman
	Law and Water
	Theme Intro  Organics Revisited
	Controlling Organics With GAC:  A Cost and Performance Analysis
	Effect of Preloading on the Scale-up  of GAC Microcolumns
	Determination of Practical Quantitation Levels for Organic Compounds in Drinking Water
	Adsorption of Humic Substances in the Presence of Sodium Salts
	Using a Microporous Hollow-Fiber Membrane to Separate VOCs From Water
	Initiation of Micropollutant Biodegradation in Virgin GAC Columns

	May
	May 1989 Cover
	May 1989 Table of Contents
	Reflections  Rates, Standards, and Customers
	Law and Water
	Face to Face  Back to the Basics
	Theme Intro  Water Rates Planning
	Long-Range Financial Planning for Water Utilities
	Long-Term Contracts for Large Users:  An Industry Viewpoint
	Forecasting Demand and Measuring Price Elasticity
	the Influence of Background Organic Matter on GAC Adsorption
	the Impact of Incorporated Organic Matter on the Dewatering Characteristics of Aluminum Hydroxide Sludges
	Raw Water Characteristics and the Selection of Treatment Configurations for Particle Removal

	June
	June 1989 Cover
	June 1989 Table of Contents
	Editor's Comment  In Praise of the Team
	Reflections  Hereward the Wake
	Law and Water
	Face to Face  In Retrospect
	Piloting the Industry  75 Years
	Theme Intro  Ozonation
	Long-Term Destratification in an Illinois Lake
	Limitations of the Iodometric Determination of Ozone
	Effects of Natural Organic Matter and Calcium on Ozone-Induced Particle Destabilization
	Effects of Preoxidation With Ozone on Water Quality:  A Case Study
	Adsorption Equilibria of Natural Organic Matter After Ozonation
	Technical Note:  Eliminating Interferences in the DPD Method for Residual Ozone

	July
	July 1989 Cover
	July 1989 Table of Contents
	Letters
	Reflections  Turning the Supertanker
	Viewpoint  POU Devices Offer Utility Managers Option to Being Politicians' Scapegoats
	Law and Water
	Face to Face  Regulating Lead:  An Update
	Theme Intro  Clash at the Tap
	Lead at the Tap:  Sources and Control
	Developing System Head Curves for Water Distribution Pumping
	System Curves and Pump Selection
	Supply Identification for Water Ditribution Systems
	Developing a Data Base on Infrastructure Needs
	Understanding Corrosion Control Strategies for Lead
	A Laboratory Study of the Leaching of Lead From Water Faucets
	Copper Plumbing Surfaces:  An Electrochemical Study

	August
	August 1989 Cover
	August 1989 Table of Contents
	Letters
	Reflections  A Little Lesson in Jargon
	Law and Water
	Face to Face  Disinfection By-products
	Theme Intro  Disinfection By-products
	Managing an Urban Watershed
	Preparing for the Disinfection By-products Rule:  A Water Industry Status Report
	The Occurrence of Disinfection By-products in US Drinking Water
	Formation and Control of Non-Trihalomethane Disinfection By-products
	Correlations Between Thihalomethanes And Total Organic Halides Formed During Water Treatment
	Evaluation of Ozonation By-products From Two California Surface Waters
	Ozonation:  Assessing Its Role in the Formation and Control of Disinfection By-products

	September
	September 1989 Cover
	September 1989 Table of Contents
	Letters
	Reflections  AWWA Secrets Revealed
	Law and Water
	Theme Intro:  Health Effects
	The AWWA Lead Information Survey:  A Final Report
	AIDS Transmission in Drinking Water:  No Threat
	Detecting Viruses in Water
	Giardia Cyst Concentrations in River Water
	Evaluating Treatment Processes With the Ames Mutagenicity Assay

	October
	October 1989 Cover
	October 1989 Table of Contents
	Letters
	Reflections  Surveying an Irish Bar
	Law and Water
	Roundtable  The Water industry in the World Marketplace
	Theme Intro  International Water Supply
	More and Better Water for Thirsty Sao Paulo, Brazil
	WaterTech USA:  A Program for Helping Developing Nations
	External Corrosion in Distribution Systems
	Minimizing THM Formation During Control of the Asiatic Clam:  A Comparison of Biocides
	Effect of Temperature and pH on the Toxicity of Monochloramine to the Asiatic Clam
	Committee Report:  Coagulation as an Integrated Water Treatment Process

	November
	November 1989 Cover
	November 1989 Table of Contents
	Letters
	Reflections  Hands Off That Hydra Head!
	Law and Water
	Roundtable  Treatment Plant Design in an Era of Changing Regulations
	Theme Intro  Membrane Process
	Committee Report:  Membrane Desalting Technologies
	Desalting Practices in the United States
	Use of Membrane Technology in Florida
	Membrane Softening:  A Treatment Process Comes of Age
	Cost and Performance of a Membrane Pilot Plant
	Effects of Ultrafiltration Membrane Composition
	Assessing Hollow-Fiber Ultrafiltration for Particulate Removal
	Removing VOCs by Membrane Stripping

	December
	December 1989 Cover
	December 1989 Table of Contents
	Letters
	Reflections  An Open Letter to John Q.
	Law and Water
	Face to Face  View From CEQ
	Theme Intro  Human Resources
	Racial Preferences in Contracting and Employment
	Developing an Incentive Program for Field Service Workers
	Application of Human Factors to the Drinking Water Industry
	Predicting the Multicomponent Removal of Surrogate Compounds by a Fixed-Bed Adsorber
	Specificity of the DPD and Amperometric Titration Methods for Free Available Chlorine:  A Review
	1989 Subject Index



