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ABSTRACT 

This study takes a prospect ive look a t  t he  e f f e c t s  o f  recent  changes 

i n  costs and intergovernmental grants on the  p r i ces  f o r  water and sewer 

services i n  North Carol ina c i t i e s  i n  t he  1980s. Results o f  a  survey o f  

41 o f  t h e  l a r g e s t  c i t i e s  i n  t he  s t a t e  are used t o  e s t i n a t e  the  present 

l e v e l s  o f  revenues and expenditures. That survey i s  a lso  used t o  i d e n t i f y  

t h e  major components o f  revenues and expenditures, and t rends i n  those 

components are estimated from t ime ser ies  data on re levant  i nd i ca to rs .  

Trends f o r  each o f  those components are then pro jec ted  t o  assess probable 

revenue and p r i c e  increases over the  next several years. Act ions t h a t  can 

be taken by l o c a l  govern:ilents t o  o f f s e t  cos t  increases and grant  reduct ions 

are evaluated i n  t h e  context  o f  two case studies, one being t h e  p rov i s ion  

of a  new source o f  water f o r  t h e  C i t y  of Durham, and the  second being an 

eva lua t ion  o f  t h e  c a p i t a l  improvement program f o r  t h e  Orange Water and 

Sewer Au tho r i t y  (OWASA). A cash f l o w  model f o r  f i n a n c i a l  p lanning o f  

water and sewer s e r v i c ~ s  i s  formulated and appl ied t o  the eva lua t ion  o f  

a l t e r n a t i v e s  f o r  OWASA. 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

This study takes a prospect ive look a t  t h e  e f f e c t s  o f  recent  changes 

i n  costs and intergovernmental grants on t h e  p r i ces  f o r  water and sewer 

serv ices i n  North Caro l ina  c i t i e s  i n  t h e  1980s. Results o f  a survey o f  

41 o f  t he  l a r g e s t  c i t i e s  i n  t he  s t a t e  are used t o  est imate t h e  present 

l e v e l s  o f  revenues and expenditures. That survey i s  a lso  used t o  i d e n t i f y  

t h e  major components o f  revenues and expenditures, and t rends i n  those 

components are estimated from t ime ser ies  data on re levan t  i nd i ca to rs .  

Trends f o r  each o f  those components are then pro jec ted  t o  assess probable 

revenue and p r i c e  increases over t h e  next several years. Act ions t h a t  can 

be taken by l o c a l  governments t o  o f f s e t  cos t  increases and grant  reduct ions 

are evaluated i n  t he  context  o f  two case studies, one being t h e  p rov i s ion  

o f  a new source o f  water f o r  t he  City o f  Durham, and the second being an 

eva lua t ion  o f  t h e  c a p i t a l  improvement program f o r  t h e  Orange Water and 

Sewer Au tho r i t y  (OWASA) . A cash f l o w  model f o r  f i  nanci a1 p l  anning o f  water 

and sewer services i s  f o m u l  ated and appl ied t o  the  evaluat ion o f  a1 terna-  

t i v e s  f o r  OWASA. 

F i  ndi  ngs and Concl us i  ons 

Revenue and expenti i ture data from t h e  survey i nd i ca tes  t h a t  i n  F i sca l  

Year 1982-83: 

(1)  customers pa id  an average o f  $1.04 per 1000 ~ a l l o n s  f o r  r a t e r 3  
serv ice  and $0.87 per 1000 gal  1 ons o f  waste t reated;  

(2 )  revenues from customers covered 76 percent o f  expenditures by 
1 ocal governments, the  major p o r t i o n  of the  bal  ance being 
der ived from fedsra l  and s t a t e  cons t ruc t ion  p n t s  f o r  waste 
treatment p l  ants ;  



( 3 )  20 percent o f  t he  c i t i e s  i n  t h e  survey had revmues l ess  
than operat ing costs; 

(4 )  49 percent o f  a l l  expenditures were f o r  operat ing costs 
and 51 percent f o r  c a p i t a l  investments and debt service; 

( 5 )  s t a t e  and federa l  grants accounted f o r  41 percent o f  
expenses re1  a ied t o  c a p i t a l  investments; debt serv ice  
accounted f o r  36 percent o f  c a p i t a l - r e l a t e d  expenses; 
and t h e  remaining 23 percent was from i n t e r n a l l y  generated 
revenues ; and 

( 6 )  42 percent o f  operat ing expenditures was f o r  personnel, 
another 17 percent was f o r  u t i l i t i e s ,  and chemicals con- 
tri buted 6 percent o f  a1 1 operat ing expenses. 

An ana lys is  o f  t rends i n  intergovernmental grants over t h e  past  decade 

ind i ca tes  sharp reduct ions i n  federa l  support s ince 1977. Legi s l  a t i v e  ac t ions  

i n  the  past  two years by both federa l  and s t a t e  governments w i l l  lead t o  

f a r t h e r  reduct ions i n  t h a t  support. Other t rends t h a t  x i11  a f f e c t  cos ts  o f  

water and serv ice  are: 

(1 ) cons t ruc t i on  costs i n  t h e  Southeast cont inue t o  increase a t  a 
r a t e  o f  approxinate ly  e i g h t  percent a year; 

(2)  cos ts  o f  f i nanc ing  new cons t ruc t i on  have been sub jec t  t o  l a r g e  
f l u c t u a t i o n s  over t h e  past f i v e  years, and they are s u b s t a n t i a l l y  
higher;  

( 3 )  personnel costs cont inue t o  increase but  a t  moderate r a t e s  o f  
approximately seven percent a year; and 

(4 )  u t i l i t y  costs i n  North Caro l ina  cont inue t o  increase a t  
approxi mate1 y 7 2 ?el-cent a year.  

The net  e f f e c t  o f  these t rends on water and sewer costs i n  North 

Caro l ina  c i t i e s  could be dramatic i f  they cont inue t o  grow and prov ide  t h e  

sane l e v e l s  o f  serv ice.  An average c i t y  cou ld  experience cos t  increases 

a t  a r a t e  o f  15 percent a year over t he  next  f i v e  years, a t  approximately 

10 percent a year over t h e  next 10 years. 

There are several act ions t h a t  l o c a l  governments can take  t o  o f f s e t  

these cos t  increases. F i r s t ,  r a t e  s t ruc tu res  can be r ~ f o r m e d .  A t  present 

p r i ces  f o r  water and scwer services, t he re  i s  ample oppor tun i ty  t o  make 



adjustments t h a t  would not  be unduly burde;isoix on consumers. Increasing 

serv ice  charges ins tead o f  subs id iz ing  rcses through taxes would be COJ- 

s i  s ten t  w i t h  cur ren t  t rends i n  1 ocal governrent f i nanci ng i n  North Cri-31; ;:e 

as we1 1 as i n  most other  s tates.  

Second, there  are oppor tun i t i es  t o  reduce costs through improved a l ~ i 7 -  

n ing  f o r  c a p i t a l  investments and making greater  use o f  e x i s t i n g  f a c i l  ?i; 2s 

through management o f  demands. Improved sequencing o f  smal ler p r o e j c t s  ?~s 

an a l t e r n a t i v e  t o  s i n g l e  investments i n  i z i - se r  i ~ r o j e c t s  czn lead t o  s i g n i - f i -  

cant  savings. Defer r ing  c a p i t a l  p r o j e c t s  through a combination o f  c o n s x v c i i o n  

and 1 oad management techniques can a1 so produce more c o s t - e f f  e c t i  ve sol  2 5  3;;s. 

F i n a l l y ,  t h e  use o f  improved p l a n n i n ~  ;odd s can be o f  s i g n i f i c a x t  v z i c e  

t o  1 ocal deci s i  on makers i il est i rnat i  ng the  e f f e c t s  o f  a1 i e r n a t i  ve f inanc i  n~ 

s t ra teg ies  . 

Recommendati ons 

These f i ndi  ngs and concl u s i  ons 1 ead -20 t he  f 01 1 owi ng recommendations : 

(1 ) l o c a l  governments should improve -:heir f i n a n c i  a1 p lanning w i  th 
p a r t i c u l  ar  ernphasi s being given t o  a1 t e r n a t i  ve cepi t a l  i nves t -  
ments and t h e i r  sequencing; 

( 2 )  r a t e  s t ruc tures  f o r  water and se; 2;- srmuld be reformed t o  
r e f l e c t  t he  f u l l  cost  o f  serv ice;  i;? x f c i n g  thes? reforms, 
l o c a l  governments should improve accounting techniques f o r  
c a p i t a l  assets, and they should move toward r a t e  s t ruc tu res  
t h a t  lead t o  more e f f i c i e n t  use o f  resourc2s; 

( 3 )  1 ocal governments shoul d more e f f  e c t i  ve l y  expl o i  t management 
techniques t h a t  make greater  use o f  e x i s t i n g  f a c i l i t i e s ,  i n -  
c lud ing  t h e  use o f  load managecsnt and conservat ion techniques 
and reg iona l  in terconnect ions and intergovernmental agreements; 

( 4 )  s t a t e  government should adopt, as a requirement f o r  permi t s  and 
f i  nanci a1 assi stance, minimum framework p l  ans f o r  l o c a l  govern- 
ments t h a t  would inc lude p ro jec t i ons  o f  need over t h e  next 10 t o  
15 years, i d e n t i f i c a t i o n  o f  a l t e r n a t i v e s  t o  meet these needs, and 
a f i n a n c i a l  p lan  t o  pay f o r  them; and 

( 5 )  s t a t e  governmen'i should seek new ways o f  a s s i s t i n g  l o c a l  govern- 
ment f inanc ing .  





Chapter I 

INTRODUCTION 

Purpose 

With in the pas t  f i v e  t o  s i x  years several s i g n i f i c a n t  changes have occurred 

t h a t  w i l l  have important  e f fec ts  on the cos t  of water and sewer services i n  the 

c i t i e s  of North Carolina. Two o f  the most important  f ac to rs  are the  l a r g e  

increase i n  the cos t  o f  f inanc ing  c a p i t a l  investments and the  sharp reduct ion i n  

federal  grants f o r  water and sewer f a c i l i t i e s .  I n  add i t ion ,  the r a t e  o f  i n f l a -  

t i o n  i n  the  cos t  o f  b u i l d i n g  new f a c i l i t i e s  p e r s i s t s  despi te recent  decl ines i n  

the general r a t e  o f  i n f l a t i o n .  -Even i f  c i t i e s  i n  North Carol ina were n o t  grow- 

ing, these factors would have some e f f e c t  by pushing up t h e  cos t  o f  rep lac ing  

obsolete f a c i l i t i e s .  But, these ef fects are more pronounced because o f  the  con- 

t inued growth i n  populat ion and the  r e l a t e d  need f o r  expanding the capac i t ies  o f  

e x i s t i n g  f a c i l i t i e s ,  as we l l  as rep lac ing  them as they become obsolete. 

I n  t h i s  study, e f f e c t s  o f  these changes on the f inanc ing  o f  l o c a l  water and 

sewer services are examined, and techniques f o r  m i t i g a t i n g  p r i c e  increases t h a t  

may f o l l o w  are  evaluated. Results o f  a survey o f  cu r ren t  revenues and expendi- 

tures i n  41 c i t i e s  i n  the  s ta te ,  each serv ing over 10,000 persons, are presented 

as a basel ine fo r  assessing the  e f f e c t s  o f  those changes. Expenditures are 

broken ou t  by components, and trends f o r  each cotiiponents are  estimated. The n e t  

e f f e c t  o f  probably changes i n  consumer p r i ces  i s  then est imated using an "average" 

c i t y .  Objectives, c r i t e r i a ,  and management techniques t h a t  w i l l  guide p lanning 

i n  the 1980s are re-examined. F i n a l l y ,  se lected management opt ions a r e  evaluated 

i n  two case studies. 

Pr ices fo r  water and sewer services t o  urban res idents  i n  North Carol ina 

are increasing. That f a c t  i s  obvious t o  most consumers who have t o  pay f o r  these 

services. Pr ice  indexes f o r  c o s t - o f - l i v i n g  ind ica tors ,  maintained by the North 

Carol ina Of f ice o f  Budget and Management, showed t h a t  over the  pe r iod  1974 t o  

1980 these p r i ces  rose a t  an average annual r a t e  o f  7.5 percent. During t h a t  

pe r iod  water and sewer pr ices  rose a t  ra tes  comparable t o  those f o r  food bu t  

less  than those f o r  medical care, f u e l  and e l e c t r i c i t y ,  and home ownership. 

Some o f  t h e  increases i n  water and sewer ra tes  can be a t t r i b u t e d  t o  the general 

r a t e  o f  i n f l a t i o n  t h a t  occurred dur ing t h a t  period. However, North Carol ina 



continues to experience growth in i t s  urban population, and several of the con- 
t r i  b u t i n g  factors affecting costs show persistent increases despite reductions 
in general inflation. That i s  particularly true for the costs of replacing 
older f ac i l i t i e s  and for expanding their  capacities to meet the needs of growth. 
In addition, there are important pol icy changes that affect  the financing of 
these f a c i l i t i e s ,  especially the reductions in federal construction grants. 

As shown la te r  i n  this  report, the current cost structure of the water and 
sewer industry i n  North Carolina indicates that approximately one-ha1 f of annual 
expenditures i s  for direct operating and maintenance cost, and the other half i s  
for capi tal-re1 ated expenses, including rep1 acement of worn-out or obsolete 
equipment and fac i l i t i e s ,  capacity expansions, and debt service. Individual 
categories of cost that have the largest contributions to direct operating 
expenses are personnel, e lectr ici ty,  and chemicals. Together, these account for 
approximately 65 percent of operating costs. Of the capital -re1 ated expenditures, 
grants from federal and state  sources account for 41 percent, debt service 
accounts for another 36 percent, and internally financed capital outlays con- 
tribute 23 percent. Significant changes i n  the cost of any one of these factors 
will have a proportionate effect  on total costs for these services. 

Operating Costs. Although increases i n  operating costs have had and prob- 
ably will have less dramatic effects on water and sewer consumer prices, they 
have persistently moved upward over the past decade or more. Over 40 percent 
of the operating expense i s  for personnel. A good indicator of how these costs 
have increased over the past five years i s  the average wage of ci ty and county 
employees in North Carolina. That value rose from $187.50 per week in 1978 to 
$241.85 i n  1982. That increase i s  equivalent to an average annual rate of 6.6 

percent (N. C. Empl oymen t Securi t y  Comni ssion , 1983). 

Electricity i s  another major contributor to operating costs; and as shown 
in Figure 1 ,  i t  has been increasing a t  even higher rates. A readily available 
index of i t s  cost, the cost of 1000 kw to a residential customer i n  North Caro- 
l ina,  i s  maintained by the Public Staff of the North Carolina Ut i l i t ies  Commis- 
sion (Turner, 1983). For the period January 1 , 1973, to January 1, 1983, the 

cost increased a t  an average annual rate of 10.8 percent for customers of Duke 
Power and 12.5 percent for Carolina Power and Light, the two major suppliers of 
electr ici ty i n  the s tate .  Over the past five years, from 1978 to 1983, price 
increases for both companies have averaged 9.7 percent a year. 



Figure 1. Residential Electricity Costs. 



The other easily identifiable category of operating cost i s  chemical s. 
Their prices have been errat ic  over the past several years. For example, the 
price of caustic soda was relatively constant from 1977 to 1980; then, i t  
increased sharply. The average rate of increase over that period was 13 percent 
per year. During that same period chlorine prices dropped slightly,  rose, and 
dropped again i n  1982 to approximately their 1977 level. Prices for hydrated 
1 ime have increased steadily a t  a rate of about six percent a year (Purchasing, 
1982 and prior years). 

Capital Costs. More dramatic changes are occurring w i t h  capital-related 
expenses. The cost of actual ly constructing capital facil  i t i e s  shows no sharp 
departures from past trends, b u t  i t  continues to r i se  a t  near double-digit rates. 
The most dramatic effects are i n  the cost of financing new construction and the 
shifting of the burden more fully to local government. 

One widely recognized indicator of general construction costs i s  the Engi- 

neering News Record ( E N R )  construction cost index (CCI). Trends i n  that  i nd i -  

cator are shown i n  Figure 2 where the index for Atlanta i s  i l lustrated ( E N R ,  

March 24, 1983). These trends have been remarkably consistent. From 1967 to 
1983, the average rate of increase was 9.0 percent per year; over the past ten 
years the rate of increase was 8.1 percent, and for the l a s t  five years 8.2 per- 
cent. A more special ized and less widely recognized index for waste treatment 
plants and complete urban sewer systems has been developed and maintained by the 
U .  S. Environmental Protection Agency. This index shows changes that  are quite 
consistent w i t h  the ENR index. Over the period 1977 to 1982, EPA's index for a 
five-mil lion-gallon-per-day ( M G D )  plant increased a t  an annual rate of 7.1 per- 
cent based on prices prevailing a t  Roanoke, Virginia. During that same period, 
the cost of a 50-MGD plant a t  Atlanta woul d have increased a t  the rate  of 8.5 

percent, and a complete urban sewerage system would have experienced an increase 
of 8.2 percent per annum i f  bui l t  using prices i n  Atlanta. 

Of course, a b i g  change has occurred in the cost of financing new fac i l i t i e s .  
Most major expansions of local water supply fac i l i t i e s  are financed w i t h  borrowed 
capital ,  usually in the form of tax-exempt general obl igation bonds. Before 1978 
these bonds were sold a t  a stable interest  rate,  generally below six percent. As 

shown in Figure 3 ,  discount rates on these bonds, as reflected by the 20-city 
average rate in the Municipal Bond Buyer's Index, began t o  r i se  i n  1978; by 1980 
the market was showing large fluctuations, b u t  the trend was upward. Prices 
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increased sharply  i n  1981 and reached a peak i n  January 1982. I n  January 1978 
the MBBI stood a t  5.66; i n  January 1982 the  index was 13.4 The s ign i f i cance o f  

t h a t  increase i s  i l l u s t r a t e d  by the  fac t  t h a t  the annual debt serv ice on a 25- 
year bond a t  5.66 percent i s  $75,700 per  m i l l i o n  d o l l a r s  o f  debt, wh i l e  the  

serv ice on t h a t  same debt a t  13.4 percent i s  $140,000 per  year. That change 
represents an 85 percent  increase. A more modest s h i f t  i n  the  d iscount  r a t e  

from 5.7 t o  10 percent would represent  an increase i n  t h a t  annual expense t o  

$110,200, a jump of 46 percent. 

Changes i n  the cos t  o f  construct ion and the cos t  o f  f i nanc ing  t h a t  construc- 

t i o n  w i l l  have important  impacts on l o c a l  pr ices,  bu t  t he  l a r g e s t  s i n g l e  f a c t o r  

t h a t  w i l l  a f f e c t  these p r i ces  i s  the reduct ion  i n  federa l  grants. I f  c i t i e s  i n  

North Carol ina cont inue t h e i r  c u r r e n t  ra tes  o f  c a p i t a l  investments, they w i l l  

have t o  s u b s t i t u t e  t h e i r  own o r  borrowed c a p i t a l  f o r  much o f  what they have 

received i n  the  pas t  from the  U. S. Government. I n  a companion study t o  t h i s  

one, Whi t t ing ton  and Snyder (1983) have tabu la ted  the spending on water supply 

and waste treatment f a c i l i t i e s  i n  North Carol ina over  the pas t  decade. Expendi- 

tures were tabu la ted  by l o c a l ,  s ta te ,  and federal sources. S ta te  con t r i bu t i ons  

are from t h e  Clean Water Bonds, $150 m i l l  i o n  issued i n  1971 and $220 m i l l i o n  i n  

1977. Federal grants are dominated by the  cons t ruc t ion  grants program under 

Sect ion 201 o f  t he  Federal Water Pol 1 u t i o n  Control  Ac t  Amendments o f  1972 

(PL 92-500) ; bu t  there have been o ther  impor tan t  sources, i nc lud ing  grants and 

loans from the  Farmers Home Admini s t r a t i o n  and the  Economic Development Adminis- 

t r a t i o n .  A sumnary o f  the  expenditures from these various sources i s  given i n  

Figure 4. The data i n d i c a t e  t h a t  when the expenditures are ad jus ted  t o  a common 

base (1982 do1 l a r s ) ,  the  r a t e  o f  s t a t e  con t r i bu t i ons  has been r e l a t i v e l y  constant 

over the  period; l o c a l  expenditures have been e r r a t i c ,  showing no d e f i n i t e  trend; 

and expenditures o f  federa l  funds have dropped sharply  a f t e r  a dramatic increase 

i n  the e a r l y  1970s. The b i g  change r e f l e c t e d  i n  t h i s  data i s  the r i s e  and f a l l  

o f  cons t ruc t ion  grants f o r  wastewater treatment p lants.  While i t  may be assumed 

t h a t  w i thou t  the federal  construct ion grants there w i l l  be some d e c l i n d  i n  ra tes  

o f  investment i n  those f a c i l i t i e s ,  the  s ta tu tes  and regu la t i ons  r e q u i r i n g  l o c a l  

communities t o  comply w i t h  e f f l u e n t  l i m i t a t i o n s  and stream standards remain i n  

e f f e c t .  

Growth. I n  the absence o f  growth, c i t i e s  i n  North Carol ina would be exper i -  

encing the  d i r e c t  e f f e c t s  o f  inc reas ing  operat ing costs f o r  the same l e v e l  o f  

serv ices del ivered.  They would a l so  experience the  e f f e c t s  o f  changes i n  



Figure 4. Federal , State, and Local Expenditures on Wastewater Treatment 
and Water Sup ly Facilities f rom 1973 t o  1982 in Millions o f  
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c a p i t a l  -re1 ated costs as they are requ i  red  t o  upgrade treatment f a c i l  i t i e s  t o  

meet more s t r i n g e n t  standards f o r  d r i nk ing  water and waste e f f l u e n t s  and as they 

replace de te r i o ra ted  fac i  1 i  t i e s .  However, the  urban areas o f  North Carolina, 

l i k e  the s t a t e  as a whole, continue t o  experience growth. A l i s t  o f  t he  count ies 

i n  the  s t a t e  t h a t  now have more than 75,000 res idents  i s  shown i n  Table 1, along 

w i t h  t h e i r  1970 and 1980 populations. County populat ions are  used as an ind ica-  

t o r  o f  growth i n  order  t o  avo id  most o f  the  problems o f  cen t ra l  c i  ty-suburb 

migra t ion  associated w i t h  the use o f  c i t y  data alone. That l i s t  conta ins 23 of 

the  s t a t e ' s  100 count ies and covers 58.1 percent  o f  the  s t a t e ' s  1980 populat ion. 

F i f t e e n  o f  the 23 count ies i n  t h a t  l i s t  a re  located i n  the urban Piedmont Crescent, 

extending roughly from Raleigh t o  Charlotte. 

Table 1. Populat ion o f  Counties i n  Nor th  Carol ina Over 75,000 Persons 

1 Populat ion I Annual i zed 
- - 

Count y 1970 J 1 9 8 0 ,  I - Rate o f  Increase 

1. Alamance 
2. Buncombe 
3. Cabarrus 
4. Catawba 

96,502 
145,056 

74,629 
90,873 

99,319 
160,934 
85,895 

105,208 
5. Cleveland 

6. Cumberland 
7. Davidson 
8. Durham 
9. Forsyth 

0.3 
1.0 
1,4 
1 - 5  

83,435 

247,160 
113,162 
152,785 
243,683 

72,556 

212,042 
95,627 

132,681 
215,118 

1,4 

1.5 
1.7 
1.4 
1.3 
0.9 

0.9 
1.3 
1.3 
2.2 
0.9 

3.0 
2.7 
1.9 
1.8 
1.4 

1.0 
2.8 - 1.3 

1.46 - 
1 .48 

10. Gaston 

11. G u i l f o r d  
12. I r e d e l l  
13. Mecklenburg 
14. New Hanover 
15. Onslow 

16. Orange 
17. P i t t  
18. Randolph 
19. Robeson 
20. Rockingham 

21. Rowan 
22. Wake 
23. Wayne 

SUBTOTAL 

NORTH CAROLINA 

148,415 

288,645 
72,197 

354,656 
82,996 

103,126 

57,567 
73,900 
76,358 
84,842 
72,402 

90,035 
229,006 

85,408 

2,954,637 

5,158,311 

162,568 

31 7.154 
82,538 

404,270 
103,471 
112,784 

77,055 
90,146 
91,728 

101,610 
83,426 

99,186 
301,327 

97,054 

3,415,898 

5,971,959 



None of the counties over 75,000 experienced population declines over the 
1970s. Five of the counties had population growth rates of less than one percent 
per annum, twelve had rates i n  the range of 1.0-1.5 percent, four in the range 
of 1.5-2.0 percent, and four had growth rates over 2.0 percent per year. In the 
aggregate, these 23 counties grew a t  an average annual rate of 1.46 percent, and 
the s ta te  as a whole grew a t  a rate of 1.47 percent per year. With the exception 
of New Hanover (Wi lmington), Orange (Chapel Hill ), P i t t  (Greenvi l l e ) ,  and Wake 

(Raleigh) Counties, these growth rates are not large; b u t  when coupled with 
increasing per-capita consumption, they present significant needs for the expan- 
sion of f ac i l i t i e s  to accommodate new growth. 

Outline of Report 

Concerns raised by these indicators of inflation, real changes in costs, and 

continued growth are addressed in the remainder of this  report. To understand 

current conditions in financing water and sewer services, results of a survey of 
41 c i t i e s  in North Carolina are presented in Chapter 11. Revenues and expendi- 
tures for those c i t i e s  are aggregated to give a general picture of current con- 

di tions. That data i s  also used to produce estimates of revenues and expendi- 

tures per 1000 gallons of water sold and waste treated. Expenditures are broken 

down into operating costs and capi ta l  expenditures. Operating costs are further 

disaggregated in to personnel , uti 1 i t ies ,  chemicals, and other categories whi le  
capital expenditures are broken down in to internal 1 y funded capital outlays, 

debt service, and grant-supported investments. Estimates of the impacts of 

changes in cost and grant support on consumer prices are also included in 

Chapter 11. Several management options for coping with these impacts are dis- 
cussed in Chapter 111, as well as the objectives and operational c r i te r ia  that 
will guide the evaluation and selection of those techniques. Chapter IV con- 
tains selected case studies used to evaluate these techniques. The City of 
Durham and the Orange Water and Sewer Authority are used to evaluate the effects 
of improved sequencing of projects, deferrals of capital projects through a 

variety of techniques, and new methods of finance. A linear programming revenue 

model for evaluating these effects i s  presented. Chapter V i s  a sumnary of find- 

ings, conclusions, and recommendations. 





Chapter I 1  

CURRENT COSTS AND REVENUES AND PROBABLY IMPACTS OF CHANGES 

The Survey 

Current revenues and expenditures f o r  water and sewer services i n  Nor th  

Carol ina were est imated from two pr imary sources o f  i n f o m a t i o n .  F i r s t ,  a sur- 

vey was made o f  a l l  m u n i c i p a l i t i e s  and water and sewer a u t h o r i t i e s  i n  the s t a t e  

serv ing over 10,000 persons. That information was supplemented by a tabu la t i on  

of federal  and s ta te  grants and bonded indebtedness on each o f  t he  c i t i e s  from 

data a v a i l a b l e  through the Nor th  Carol ina Department o f  Administrat ion. I n  the 

survey, each o f  the supp l ie rs  was asked t o  respond t o  a shor t  l i s t  o f  quest ions 

t o  determine the  number of r e s i d e n t i a l  and non- res ident ia l  customers and the vo l -  

umes of water so ld  and waste t rea ted  i n  each o f  those categories. They were a lso  

asked t o  a t tach  t o  t h e i r  response copies o f  t h e i r  f i n a n c i a l  statements f o r  F i sca l  

Year 1982 ( J u l y  1, 1981 - June 30, 1982) t o  show the breakdown o f  t h e i r  expendi- 

tures and revenues. Quest ionnaires were o r i g i n a l l y  sent t o  53 c i t i e s  and water 

and sewer a u t h o r i t i e s  i d e n t i f i e d  from the l i s t  o f  water supp l ie rs  maintained by 

the D iv i s ion  of Heal th Services i n  the N. C. Department o f  Human Resources. 

Through a ser ies  o f  fol low-up l e t t e r s ,  responses were received from 45 c i t i e s  

(85 percent).  Four c i t i e s  were subsequently dropped from the survey because they 

were bo th  a t  the  margin o f  the  s i ze  category and the  data they suppl ied was o f  

i n s u f f i c i e n t  d e t a i l  t o  be usefu l  i n  the study. The l i s t  o f  the  41 c i t i e s  remain- 

i n g  i n  the survey i s  shown i n  Table 2. 

Table 2. North Carol ina C i t i e s  Inc luded i n  Survey 

A1 bemarl e 
As heboro 
As he-vi 1 1 e 
Boone - 
Bur l  ing ton  
Ca r y  
Char lo t te  
C l  i n ton  
Concord 
Durham 
Eden 
E l  i zabeth C i t y  
Fayet tev i  1 l e  
Garner 

Gastonia 
Go1 ds boro 
Graham 
Greensboro 
Greenvi 1 1 e 
Henderson 
High P o i n t  
Jacksonvi 11 e 
Kinston 
Lenoi r 
Lexington 
Lumberton 
Monroe 
Morgan ton 

New Bern 
Chapel Hi 11 -Carrboro 
Raleigh 
R e i d s v i l l e  
Rocky Mount 
Roxboro 
Sal i s bury 
Sanford 
She1 by 
Thomasvi 11 e 
W i  lrnington 
W i l  son 
Wins ton-Salem 



As anticipated, a number of difficulties were encountered in analyzing sur- 
vey responses, f i r s t  i n  creating categories of expenditures, and then i n  assign- 
ing expenditures for each of the ci t ies  t o  those categories. North Carolina 
c i t ies  do not have standard formats f o r  revenue and expenditure reports for water 
and sewer enterprises. There is  no standardization by functions such as water 
supply, water distribution, waste treatment, waste coll ection, customer services, 
and administration. Neither i s  there any standardization by categories such as 
personnel, chemicals, u t i l i t i e s ,  expendable supplies, or capital investments. 
Thus, the in i t ia l  analytical task was t o  construct a set  of cost categories that 
were common to a large number of ci t ies .  In several instances the assignment of 
expenditures required judgments to match categories of costs reported by individ- 
ual c i t ies  with those adopted for a l l  the c i t ies .  Errors could have been intro- 
duced through these assignments. In other i ns tances, expenditures and revenues 
were reported only for combined water and sewer operations. For those cases, 
costs and revenues were assigned t o  "joint cost" or "joint revenue" categories. 

There are special problems i n  using the survey data t o  estimate capital 
expenses. One problem i s  that most c i t ies  keep separate accounts for large capi- 
tal improvement projects that involve receipts and expenditures over more than 
one year. For the most part those accounts are not shown in the general fund 
budgets and expenditures that were used t o  respond to the survey. 

A second difficulty i n  estimating capital costs from the survey data i s  that 
the items included under "capital outlays" range over bo th  the replacement and 
capital expansion items, and they include numerous small items such as valves, 
meters, and motor vehicles as we11 as large costs for the replacement of water 
and sewer lines. Thus, considerable care must be employed in using information 
in that category. Data reported in this study have been reviewed t o  remove any 
contributions t o  large-scale projects such as reservoirs and treatment plants 
where i t  was evident that they had been reported under "capital outlays." 
Remaining entries in that category s t i l l  contain a wide variety of items. 

A major barrier to the use of these reports t o  estimate capital costs i s  

the omission of depreciation on a l l  fixed assets. Few, i f  any, of the c i t ies  

i n  North Carolina maintain inventories on all  of their capital assets, l e t  alone 
the inclusion of depreciation on those assets a s  an annual expense. Deprecia- 

tion was reported as a significant expense item only in a few instances; and 
where depreciation was reported, i t  i s  doubtful t h a t  those expenses were based 
on a full accounting of a1 1 fixed assets. Depreciation should be charged on 



a l l  i n t e r n a l l y  f inanced c a p i t a l  assets, on a l l  f a c i l i t i e s  t h a t  must be replaced 

pe r iod i ca l  l y  from i n t e r n a l l y  generated funds, i nc lud ing  l a r g e  por t ions  o f  d is -  

tri but ion  and col  l e c t i o n  systems t h a t  are f inanced by developers and deeded t o  

c i t i e s  f o r  maintenance and replacement. Thus, on l y  an unknown f r a c t i o n  o f  ac tua l  

c a p i t a l  costs are re f l ec ted  i n  the c a p i t a l  expenditures repor ted here. 

Aggregate Expenditures and Revenues 

Despi t e  these d i  f f i c u l  t i e s ,  considerabl e i n s i g h t  i n  t o  the  present  pa t te rn  

of revenues and expenditures i s  ava i l ab le  f r o m  the data. The r e s u l t s  f o r  a1 1 41 

c i t i e s  f o r  combined water and sewer serv ices are i l l u s t r a t e d  i n  Figure 5. Survey 

r e s u l t s  i nd i ca te  an annual operat ing cos t  of $126.4 m i l  1  i on  t o  d e l i v e r  107,450 

m i l l i o n  gal lons o f  water and t r e a t  93,670 m i l l i o n  ga l lons  o f  waste. O f  t h a t  

operat ing cost, $52.3 m i l l  i o n  was c l e a r l y  assignable t o  water services, $47.5 

m i l l  i on  t o  sewer services, and $26.6 m i l l i o n  t o  j o i n t  costs. I f  the j o i n t  

operat ing costs are a1 loca ted t o  water and sewer accounts i n  d i r e c t  p ropor t ion  

t o  the separable costs i n  those accounts, then the  operat ing cos t  f o r  water i s  

$66.2 m i l l i o n ,  and the operat ing cos t  f o r  sewer serv ice  i s  $60.2 m i l l i o n .  Thus, 

i f  data from a l l  41 c i t i e s  i s  used, the u n i t  operat ing cost  o f  water i s  $0.62 per 

1000 ga l lons  and u n i t  operat ing cos t  f o r  sewer serv ice  i s  $0.64 per  1000 gal lons. 

There i s  a l a rge  amount o f  v a r i a t i o n  i n  these costs f r o m  c i t y  t o  c i t y ,  as i s  

shown l a t e r .  

The operat ing costs are broken down i n t o  components, as shown i n  Table 3.  
Personnel costs, i n c l u d i n g  sa la r ies ,  wages, and fri nge benef i ts ,  a re  the l a r g e s t  

s i n g l e  cont r ibu tor ,  accounting f o r  42 percent  o f  the t o t a l .  Other important  

r e a d i l y  separable costs are those f o r  chemicals and u t i  1 i t i e s .  Chemicals account 
f o r  6.3 percent o f  the t o t a l ,  wh i l e  u t i l i t i e s  accounted fo r  another 17 percent. 

The remaining 35 percent  covers a wide v a r i e t y  o f  costs f o r  o f f i c e  supplies, 

maintenance mater ia ls ,  gas01 ine, and o the r  items. 

Estimates o f  c a p i t a l  and c a p i t a l - r e l a t e d  expenses came t o  a t o t a l  o f  $129 

m i l l  ion, i n c l  uding $30.2 m i  11 i o n  f o r  i n  t e r n a l l y  f inanced c a p i t a l  out lays,  $46.2 

m i l l i o n  i n  debt service, and $52.7 m i l l  i on  i n  federa l  and s t a t e  cons t ruc t ion  

grants. Thus, the  t o t a l  expenditure f o r  the  combined water and sewer serv ices 

i n  the  41 c i t i e s  i s  est imated t o  be $255 m i l l  ion, w i t h  approximately 51 percent 

f o r  capi  t a l  and c a p i t a l  -re1 ated expenses and 49 percent f o r  operat ing costs. 

Unfor tunate ly ,  w i t h  the data compi l e d  i n  t h i s  study, the c a p i t a l  expenditures 

could no t  be broken down i n t o  water and sewer services. Some breakdown i s  given 

l a t e r  f o r  the  federa l  and s t a t e  grants. 
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F i g u r e  5. Revenues and Expenditures f o r  Water and Sewer 
Serv ices i n  NC C i t i e s  - 1982 



Table 3. Operating Costs for Water and Sewer Ser- 
vices in 41 Cities in North Carolina, 1982 

-- 

I -  Amount 1 
I ($ millions) I Percent of Total 
1 I 

Personnel 

Chemicals 

Reported revenues from these services, excluding grants, totaled $192.6 

million. That total i s  divided among several sources as shown in Table 4. By 

TOTAL 

f a r  the largest source i s  monthly charges to customers, which contributes 84 

percent of the total.  Interest on investments accounts for 3.4 percent and fund 

transfers for another 3.5 percent. Of the $162.2 mil 1 ion in monthly charges, 

$78.3 mill ion was clearly assignable to  water services and $56.9 mill ion clearly 

assignable to sewer services. The remaining amount was reported simply as monthly 

$ 54.09 

8.10 

charges for water and sewer services. If a l l  the revenues are allocated to water 

and sewer accounts in direct proportion t o  the separable amounts stated above, 

then the revenues from water services would be $1 11.5 mil 1 ion and the revenues 

for sewer service would be $81 .I mill ion. With this  allocation of revenues, the 

average customer cost would be $1.04 per 1000 gallons for water and $0.87 per 

1000 gallons for sewer service. 

41.8 

6.3 

Uti l i  t i e s  I 22.02 

$129.25 

Table 4. Revenues from Water and Sewer Services 
in 41 Cities in North Carolina, 1982 

17.0 

100.0 

1 Amount J Percent 
1 ( $  millions) lof Total 
1 I 

TOTAL 1 $192.6 1 100.0 

Monthly Charges 
Service Initiation Fees 
Project Assessmen t s  

$162.20 
4.33 
0.92 

84.2 
2 .2 
0.5 

Interest Income 1 6.64 3.4 
3.5 
6.1 

Fund  Transfers 
Other 

6.80 
11.74 



Ci ty-to-Ci t y  Variations in Operating Costs and Revenues 

Water. All the preceding results are based on information aggregated for 
a l l  of the 41 ci t ies .  There are significant variations from one ci ty to another 
that have important pol icy implications. Many c i t ies  i n  the survey reported 
expenditures and revenues in separate water and sewer accounts, and for others 
i t  was fa i r ly  obvious that joint costs could be allocated without much error. 
That i s  especially true where employee benefits are reported as joint  costs. 
However, in some c i t i e s  the joint costs were large i n  comparison w i t h  readily 
identifiable separate costs, and cost a1 locations were considered unwise i n  those 
circumstances . 

Operating costs and revenues for water services could be separated from 
sewer service accounts i n  28  of the 41 ci t ies .  In a l l  those cases, revenues 
from water services were reported separately from sewer revenues. Ten of those 
c i t i e s  reported no joint costs, while some allocation of joint  costs was neces- 
sary for each of the other 18. These 28 c i t i e s  accounted for 80.3 percent of the 
water sold in a11 41 c i t i e s  in the survey. 

The average operating cost for water i n  this  group of c i t i e s  was $0.61 per 
thousand gallons, and the average operating revenue was $0.84 per thousand gal- 
lons. That average operating cost i s  practically the same as the estimate 
derived ea r l i e r  from aggregate data. The average revenue estimate shown here i s  
lower than the estimate derived from aggregate data, b u t  i n  this case the es t i -  
mate i s  based only on revenues from monthly charges. In the aggregate data, 
monthly charges accounted for 84 percent of the total revenue; and i f  the e s t i -  
mate derived from the 28 c i t ies  i s  adjusted by that factor, the average revenue 
would be $1.00 per 1000 gallons. That value i s  similar to the $1.04 estimated 
from the aggregate data. 

Both the unit operating cost and the u n i t  revenue figures varied consider- 
ably from ci ty to city. U n i t  costs ranged from $0.36 to $0.92 for 27 of the 28 

c i t ies  that were self-supplied. Cary i s  a special case because i t  purchases a l l  

i t s  water from Raleigh. I t s  cost was $1.64. Revenues ranged from $0.38 per 

thousand gallons to $1.50 for the self-supplied ci t ies .  Cary received $1.52 per 

thousand. The average rat io of operating revenues to operating costs was 1.37, 
ranging from 0.82 to 2.17. 

Frequency curves for unit operating costs and revenue-to-cost ratios are 
shown i n  Figure 6. The median operating cost for water was $0.58 per thousand 
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Figure  6. Cumulative Frequency D i s t r i b u t i o n  o f  Operat ing 
Costs f o r  Water Serv ices 

w h i l e  25 pe rcen t  o f  t he  c i t i e s  had cos ts  o f  $0.50 o r  l e s s  and 25 pe rcen t  had 

cos t s  o f  $0.73 o r  more. F igure  7  i n d i c a t e s  the median revenue-to-cost r a t i o  

was t h e  same as t h e  average; namely, 1.37 w h i l e  25 pe rcen t  had r a t i o s  g r e a t e r  

than 1  -73. 

Sewer. A s im i  l a r  ana l ys i s  was performed as ope ra t i ng  costs  and revenues 

f o r  sewer serv ices.  Twenty-seven c i t i e s  were i nc l uded  i n  t h i s  analys is .  They 

accounted f o r  78.1 percen t  o f  t he  waste t r e a t e d  i n  a l l  41 c i t i e s  i n  t he  survey. 

The average u n i t  ope ra t i ng  c o s t  i n  these c i t i e s  was $0.65 p e r  thousand ga l -  

l ons  t rea ted ,  and t h e  average ope ra t i ng  revenue was $0.76, imp l y i ng  an average 

revenue-to-cost r a t i o  o f  1  .I 7. These est imates compare w i t h  values o f  $0.64 

per  1000 ga l l ons  f o r  ope ra t i ng  c o s t  and $0.87 p e r  1000 ga l l ons  f o r  revenues 

est imated from aggregate data on a l l  41 c i t i e s .  I f  the  ope ra t i ng  revenue e s t i -  

mate i s  ad jus ted  t o  r e f l e c t  the f a c t  t h a t  ope ra t i ng  revenues a re  84 pe rcen t  of  

t o t a l  revenues, then the average revenue f o r  t h e  27 c i t i e s  would be $0.90 per  

1000 ga l lons .  
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Figure 7. Cumulative Frequency Distribution of Ratio o f  
Water Charges to  Operating Costs 

Again, the variabili ty from city to city was significant. Unit costs ranged 
from $0.27 per thousand to $1.01, while unit operating revenues ranged from $0.33 
to $1.07 per thousand. Frequency curves for unit costs and revenue-to-cost ratios 
are shown in Figures 8 and 9. Particularly noteworthy i n  these figures i s  the 

fact  that  5 of the 27 c i t i e s ,  or 19 percent, reported operating revenues less  
than operating costs. 

Capital Costs and Grants 

Capital outlays reported by c i t i e s  in the survey totaled $30.3 mill ion for 
1981-82, and debt service was reported a t  $46.2 million. Neither of these costs 

could be broken down into water and sewer accounts. 

Estimates of federal and s ta te  capital grants were obtained from the North 

Carolina Department of Administration for the c i t i e s  covered by the survey. Data 

were available for the five-year period 1977-82 and included: 

1. Federal grants for water supply from the Economic Development 
-Administration 
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Figure 9. Cumulative Frequency Distribution of Ratio of Sewer 
Charges t o  Operating Costs 



2. Federal grants f o r  waste treatment f a c i l i t i e s  from the  Environ- 

mental Pro tec t ion  Agency under Sect ion 201 o f  t h e  Federal Water 

Pol l u t i o n  Control  Amendments o f  1972 

3. S ta te  grants f o r  water and sewer f a c i l i t i e s  provided by Clean 

Water Bonds 

Those data were used t o  compile the  est imates shown i n  Table 4. Annual 
expenditures tend t o  vary considerably from one year  t o  the  nex t  depending upon 

the  exact  dates a t  which c e r t a i n  l a r g e  p ro jec ts  were funded. Ins tead o f  us ing 
a sing1 e year  value f o r  es t imat ing  these expendi tures , a more representa t ive  

value i s  t he  average annual r a t e  over the f i ve-year  pe r iod  1977-1982. That 

average range was $52.7 m i l l i o n ,  of which $7.3 m i l l i o n  was f o r  water p r o j e c t s  

and $45.4 m i l  1 i on  was fo r  sewer f a c i l i t i e s  under the federa l -s ta te  cons t ruc t ion  

g ran t  program. When added t o  t he  est imates of i n t e r n a l  l y  f inanced c a p i t a l  out-  

l ays  and debt service, the annual r a t e  o f  c a p i t a l  expenditures i s  $129 m i l l i o n ,  

as repor ted  e a r l i e r .  This f i g u r e  could conta in  some double-counti ng e r r o r s  

because some o f  the g ran t  money could have been inc luded i n  the  $30.2 m i l l  i on  of 

capi  t a l  ou tl ays repor ted  by 1 ocal governments i n  t h e i  r expendi t u r e  accounts. 

However, t h a t  amount i s probably smal 1 and woul d n o t  a1 t e r  t he  general observa- 

t i o n  t h a t  operat ing costs and c a p i t a l  expenditures are approximately equal. 

I t  i s  noteworthy t h a t  federal  and s t a t e  grants accounted f o r  approximately 

40 percent  of capi t a l - r e l a t e d  expenditures a t  the l o c a l  1 evel. The impact o f  

these grants on l o c a l  ra tes  can be seen by p ro ra t i ng  them over water consumption 

and t h e  vol ume o f  waste treated. The $7.3 m i l  1 i on  grants f o r  water spread over 

the 107.5 b i l l i o n  ga l lons  o f  water produced amounts t o  $0.068 per  thousand gal -  

lons. Average operat ing costs f o r  water i n  those c i t i e s  was $0.61, and average 

revenues were $1 .O4 per  thousand gal lons.  Thus, i f  the c i t i e s  had t o  replace 

a l l  federa l  and s t a t e  grants w i t h  l o c a l  revenues, the  average increase i n  l o c a l  

revenues would be 6.5 percent. 

When sewer grants o f  $45.4 m i l l i o n  are averaged over the  93.67 b i l l i o n  ga l -  

lons  o f  waste treated, the  grants amount t o  $0.48 per  thousand gal lons. That 

f i g u r e  can be compared t o  the est imated operat ing cos t  o f  $0.64 and t h e  average 

revenue o f  $0.87 per  thousand gal lons.  Obviously, s t a t e  and federa l  g ran t  pro- 

grams have a l a r g e  impact on these services. Replacing those grants w i t h  l o c a l  

r a t e  increases would mean a 55 percent  increase i n  sewer charges. 



Impacts on Consumer Pr ices  

Not a l l  the  impacts from grant  reductions wi l l  be f e l t  a t  once by a l l  
munic ipa l i t ies .  When those impacts a r e  f e l t  wil l  be determined i n  l a rge  p a r t  
by the schedule f o r  wastewater p ro jec t s  i n  each c i t y  and the  pac t  a t  which pre- 
viously authorized grant  funds a r e  used. Furthermore, impacts resul  t i ng  from 
grant  reduct ions should be assessed in the  context  of o the r  changes in  c o s t s  
t h a t  confront  local  governments. 

One approach t o  the  est imating of a1 1 of these  changes on pr ices  i s  t o  con- 

s i d e r  e f f e c t s  on an "average c i t y , "  one t h a t  represents  an average of t he  41 
c i t i e s  reported in the  survey. Such a c i t y  would be s e l l  ing 7.18 MGD of water 
and t r e a t i n g  6.26 MGD of wastewater; i t s  population would most l i k e l y  fa11 i n  

the  range o f  50-70,000. I t s  cur rent  revenues and expenditures would be a s  
follows: 

Revenues 

Water . . . . . . . . . . . . . . . .  2,768,000 
Sewer . . . . . . . . . . . . . . . .  1,988,000 

Total . . . . . . . . . . . . . . . . . . . .  4,756,000 

Expenditures 
Operations and Maintenance . . . . .  3,087,000 

Personnel . . . .  1,297,000 
U t i l i t i e s  . . . .  525,000 
Chemicals . . . .  194,000 
0 t he r  . . . . . .  1 ,071,000 

Capital . . . . . . . . . . . . . . .  3,140,000 
. . .  Local Outlay 722,000 

Debt Service . . .  1,130,000 
Grant-supported . 1,288,000 
Total . . . . . . . . . . . . . . . . . . . .  6,227,000 

Future expenditures f o r  operat ing cos t s  can be projected in  a s t r a i g h t -  
forward manner by pro jec t ing  l e v e l s  of  consumption and u n i t  cos t s  cons i s t en t  
w i t h  cu r ren t  t rends .  Consumption r a t e s  were projected t o  increase  a t  a r a t e  
of 1.5 percent ,  t h e  average annual r a t e  of  growth f o r  urban counties  i n  North 
Carolina over t h e  pas t  decade. Consistent with t h e  t rends  shown i n  Chapter I ,  

un i t  cos t s  f o r  personnel were increased a t  a r a t e  of seven percent ,  u t i l i t y  

c o s t s  a t  ten percent ,  and chemicals and o t h e r  operat ing c o s t s  a t  s i x  percent .  

Project ions f o r  fu tu re  cap i t a l  expenditures were more d i f f i c u l t  and a r e  de- 
pendent upon the  c o s t  of  f inancing and federa l  and s t a t e  g ran t  programs. I t  



was assumed that rates o f  capital investment per unit of o u t p u t  will remain 
constant in real dollars, and the inflation rate for capital was set  a t  eight 
percena per year. Investments currently financed by borrowed capital were 
assumed to continue t o  be financed in that manner, and the debt service was 
rolled over with new investments financed a t  interest rates of s ix,  eight and 
ten percent. Effects of reductions in federal and s ta te  grants were accounted 
for by shifting a stated percentage of those t o  the local level and financing 
them a t  the stated rates. 

When expenditures are projected in that manner with no reduction in 
grant support and new investments are financed a t  six percent interest,  expend- 
itures per u n i t  of o u t p u t  are increased a t  an annual rate of 7.2 percent. That 
rate i s  the same as the historical rate of increase for water and sewer services 
over the period 1972-80, as reflected in cost-of-living indicators maintained 
by the North Carolina Office of Budget and Management. However, as the cost of 
financing i s  increased and the percentage of investments financed intergovern- 
mental transfers i s  reduced, 1 ocal expenditures and revenue requirements are 
accelerated. Effects of these two factors on local revenue requirements per 
u n i t  of o u t p u t  are reflected i n  the following table: 

Percent of Current Percent Annual Increase 
Grant-Supported Investments in Revenue Requi rements 
S t i l l  Eligible for Grants per Unit of O u t p u t  

8% Interest 70% Interest 

Thus, i t  appears that even under the most favorable outlooks, local revenues 
would have t o  be increased a t  average rates of over nine percent a year for 
the next five years. Under 1 ess f avorabl e forecasts, revenue i ncreases mi g h t  

have to approach eleven percent a year. 



Chapter I 11  

PLANNING FOR THE 1980s 

The cu r ren t  pa t te rns  o f  revenues and expenditures f o r  water supply and 

sewer serv ices described i n  Chapter I I  and the trends i n  demands, costs, 

and intergovernmental revenues shown i n  Chapter I i n d i c a t e  t h a t  changes are 

necessary i n  the  way c i t i e s  i n  Nor th  Carol ina (and elsewhere) plan f o r  t he  

1980s. Costs o f  construct ion continue t o  increase, costs o f  f inanc ing  

has increased sharply, and l eve l s  o f  federal  and s t a t e  funding have decreased 

dramat ica l ly .  The r e s u l t  i s  t h a t  l o c a l  governments w i l l  have t o  e i t h e r  r a i s e  

p r i ces  o r  taxes t o  pay f o r  these services if they are t o  be maintained and 

expanded. Because c a p i t a l  p ro jec ts  a re  the most impor tan t  con t r i bu to r  t o  

cos t  increases, greater  a t t e n t i o n  must be given t o  c a p i t a l  budgeting pro- 

cesses, i nc lud ing  the scheduling o f  p ro jec ts  and the development o f  f inanc ing  

s t ra teg ies .  Some increases i n  l o c a l  revenues cannot be avoided, b u t  t h e i r  

e f f e c t s  can be m i t i g a t e d  through the use of a  v a r i e t y  o f  management and 

f inanc ing  techniques t h a t  have been g iven inadequate considerat ion i n  the  

past. Two types o f  techniques are ava i lab le :  those t h a t  can be used t o  

de fe r  the  cons t ruc t ion  p ro jec ts  through management o f  demand and those t h a t  

de fer  payments f o r  c a p i t a l  expenditures. 

Although evaluat ion o f  the mer i t s  o f  any o f  the  management and f inanc ing  

s t ra teg ies  must be made on a  case-by-case basis  i n  the contex t  o f  l o c a l  facts 

and oppor tun i t ies ,  there are some genera l l y  app l i cab le  ob jec t ives ,  opera- 

t i o n a l  c r i t e r i a ,  and management approaches t h a t  should be considered i n  the 

process. These ob jec t ives  inc lude the we1 1-es tab1 ished goals o f  urban water 

management, as we l l  as the renewed emphasis on c a p i t a l  budgeting t h a t  i s  high- 

l i g h t e d  here. These ob jec t i ves  and r e l a t e d  operat ional  c r i t e r i a  re levan t  t o  

c a p i t a l  budgeting are discussed i n  t h i s  chapter. Also discussed are a  range 

of management techniques t h a t  may be o f  value i n  p a r t i c u l a r  circumstances. 

Evaluat ions o f  these approaches f o r  se lected cases are presented i n  the nex t  

chapter. 

Object ives 

A1 though there i s  n o t  a  simple, s ingle-value measure f o r  d i sc r im ina t i ng  , 

among the opt ions, the basic  soc ia l  ob jec t i ves  i n  p lanning f o r  urban water 

supply and wastewater management are we l l  establ  ished. The most important  o f  



these i s  t o  p rov i  de these serv ices i n  a manner t h a t  p ro tec ts  publ i c  heal t h  

a t  reasonable cost. That ob jec t i ve  has been cons i s ten t l y  s ta ted  by the  

American Water Works Associat ion and the U. S. Environmental Pro tec t ion  

Agency's Advisory Committee on Dr ink ing  Water i n  p rov id ing  guidance t o  the  

i ndus t r y  i n  the  se lec t i on  o f  publ i c  water supplies. Nor th  Carol i n a ' s  e a r l i e s t  

e f f o r t s  t o  cont ro l  p o l l u t i o n  were a lso based on the p ro tec t i on  o f  p u b l i c  

health, and t h a t  ob jec t i ve  remains a very r e a l  one today. I n  a d d i t i o n  t o  the  

ob jec t i ves  o f  p ro tec t i ng  publ i c  hea l th  a t  reasonable cost,  the Nat iona l  

Environmental Pol i c y  Act  o f  1969 (NEPA), the State Environmental P o l i c y  Act  

o f  1970 (SEPA) , and the Federal Water Pol 1 u ti on Control  Act  Amendments o f  

1972 (FWPCA) made e x p l i c i t  the ob jec t i ve  o f  min imiz ing adverse e f f e c t s  on 

the  environment bo th  i n  the development o f  new f a c i l i t i e s  and i n  the  disposal 

o f  wastewater. NEPA and SEPA requ i re  comprehensive eva lua t ions  o f  proposed 

p ro jec ts  w i t h  respect t o  several ob jec t ives ,  espec ia l l y  the impacts on the  

na tu ra l  environment. The FWPCA and i t s  rev i s ions  make s p e c i f i c  reference t o  

the  p ro tec t i on  o f  stream q u a l i t y  t o  a l e v e l  t h a t  makes them f i s h a b l e  and 

swimmable. 

Another basic  o b j e c t i v e  t h a t  i s  served by urban water and sewer systems, 

al though n o t  embodied i n  formal l e g i s l a t i v e  act ions, i s  the p rov i s ion  of an 

urban i n f r a s t r u c t u r e  necessary t o  support the expansion o f  economic opportuni -  

t i e s .  While p rov i s ion  o f  these serv ices may n o t  be s u f f i c i e n t  t o  a t t r a c t  new 

i n d u s t r i a l  employment, the  absence o f  adequate water and sewer serv ices puts 

a m u n i c i p a l i t y  a t  a disadvantage i n  i n d u s t r i a l  recrui tnient.  

Although these basic  ob jec t i ves  are n o t  l i k e l y  t o  change dur ing the  

1980s, g rea ter  a t t e n t i o n  w i l l  l i k e l y  be g iven t o  cost,  as the  burden o f  paying 

f o r  these serv ices increases. North Carol in ians,  1 i ke o ther  Americans, have 

come t o  expect h igh-qua l i t y  d r i nk ing  water, and the support f o r  environmental 

p ro tec t i on  remains strong. Despite h igher  p r i ces  f o r  these services, commit- 

ments t o  those ob jec t ives  are n o t  1 i k e l y  t o  be se r ious l y  eroded. However, 

water managers may be expected t o  make greater  use o f  cost-saving measures t o '  

increase the e f f i c i e n c y  w i t h  which those serv ices are del ivered.  While t h i s  

study focuses on techniques f o r  improving e f f i c i e n c i e s ,  and the e q u i t y  w i t h  

which those costs are borne by present and f u t u r e  customers, i t  should be 

remembered t h a t  a l l  o f  these techniques must be evaluated w i t h  respect  t o  the 

f u l l  range o f  ob jec t ives  re levan t  t o  urban water resource decisions. 



C r i t e r i a  

There are several c r i t e r i a  t h a t  are r e l a t e d  t o  these object ives,  c r i t e r i a  

t h a t  make the  general ob jec t ives  operat ional.  F i r s t ,  there a re  those c r i t e r i a  

t h a t  are re levan t  t o  the  evaluat ion of a l t e rna t i ves .  While c i t i e s  i n  t h i s  

s t a t e  have never adopted cos t  min imizat ion as a pure ob jec t i ve  i n  decid ing 

among a1 te rna t ives ,  i t  i s  c lea r  t h a t  they would p r e f e r  one a l t e r n a t i v e  t o  

others t h a t  cos t  more, i f  a l l  o ther  consequences are equal. Thus, one p e r t i -  

nent  c r i t e r i o n  i s  the minimum cos t  a t  which an a1 t e r n a t i v e  can be rea l  ized. 

Wi th in t h a t  framework the re levant  measure o f  cos t  i s  t he  present  value o f  a l l  

f u t u r e  costs. Water resource investments are character ized by the  pe r iod i c  

expenditure o f  c a p i t a l  funds and a t ime stream o f  annual operating, mainte- 

nance, and replacement costs. Any two a1 te rna t i ves  are l i k e l y  t o  have d i f f e r -  

e n t  t ime streams o f  those costs, and the appropr ia te  way t o  compare those two 

t ime streams i s  t o  reduce each o f  them t o  t h e i r  discounted present  value o f  

costs. Ca lcu la t ion  o f  those present  values requ i res  t h a t  both the t ime h o r i -  

zon and the discount r a t e  be specif ied. The choice o f  a t ime hor izon i s  o f ten  

r e l a t e d  t o  the a n t i c i p a t e d  economic l i v e s  of  major p r o j e c t s  i n  the  c a p i t a l  

investment program o r  i t  may be l i m i t e d  by the l e v e l  o f  unce r ta in t y  associated 

w i t h  p ro jec t ions  o f  f u tu re  demands and b e n e f i c i a l  uses o f  those pro jec ts .  

The choice o f  an appropr iate d iscount  r a t e  i s  the  sub jec t  o f  much d is -  

cussion i n  the  l i t e r a t u r e  on pub1 i c  investment theory. I f  p r o j e c t s  are t o  be 

undertaken by a tax-free p u b l i c  body and they are t o  be evaluated i n  nominal 

terms (w i thou t  adjustments f o r  i n f l a t i o n  i n  costs) ,  then the r a t e  t o  be used 

should inc lude the t r u e  t ime r a t e  o f  soc ia l  preference f o r  expenditures, a 

f a c t o r  f o r  i n f l a t i o n a r y  expectations, and a f a c t o r  t h a t  r e f l e c t s  r i s k s  asso- 

c i a t e d  w i t h  the investment. A1 though there  i s  no method f o r  determining the 

exact  value t h a t  should be assigned to  t h e  d iscount  ra te ,  a reasonable approxi-  

mation t o  i t s  value and one t h a t  i s  w ide ly  used i s  t h e  market r a t e  f o r  tax- f ree  

mun i c i  pal  bonds. 

Another c r i t e r i o n  t h a t  should be used i n  eva lua t ing  a l t e r n a t i v e s  i s  the 

issue o f  equ i t y  between present and f u t u r e  consumers of these services. 

Moak (1981 ) discusses the e q u i t y  issue i n  d i f f e r e n t i a t i n g  between "pay-as-you- 

acquire" f inanc ing  mechanisms and "pay-as-you-use" mechanisms. Pay-as-you- 

acquire mechanisms reduce l e v e l s  o f  uncer ta in ty  i n  f inancing,  and they pre- 

serve f u t u r e  f l e x i b i l i t y ,  b u t  they place a heavy burden on present  customers 

t o  pay the  c o s t  o f  f u t u r e  users. Pay-as-you-use mechanisms, wh i l e  i n c u r r i n g  



more r i s k  t o  investors,  have the  advantage o f  spreading the  cos t  more equ i t -  

ab ly  between present and f u t u r e  users. One measure o f  t h a t  e q u i t y  i s  t h e  cos t  

per  person, measured i n  r e a l  do l l a rs ,  t h a t  i s  pa id  i n  each year  o f  the  l i f e  

o f  t h e  pro jec t .  

There are two o ther  c r i t e r i a  a f f e c t i n g  the formulat ion o f  r a t e  s t ruc-  

tu res  t h a t  a re  w ide ly  supported w i t h i n  the industry .  The f i r s t  i s  t h e  proposi-  

t i o n  t h a t  t o t a l  revenues f o r  water and sewer serv ices should be balanced w i t h  

t o t a l  costs. I n  o ther  words, t rans fe rs  should n o t  be made from o the r  sources 

o f  revenue t o  o f f se t  t he  cos t  o f  water and sewer services. A r e l a t e d  p r i n -  

c i p l e  i s  t h a t  those who b e n e f i t  from the serv ices should pay i n  d i r e c t  pro- 

p o r t i o n  t o  the cos t  o f  del i v e r i n g  the services; t h a t  i s ,  water and sewer ra tes  

should n o t  be used as a  means o f  subs id iz ing  one group a t  the  expense o f  

another. The -argument goes t h a t  i f  water and sewer costs are subsidized from 

o the r  sources o f  revenue o r  if a r t i f i c i a l l y  low p r i ces  are charged t o  one 

group a t  the expense o f  another, the  economically e f f i c i e n t  a l l o c a t i o n  o f  

resources w i l l  be d i s to r ted .  Water and sewer ra tes  should n o t  be used as a  

means o f  r e d i s t r i b u t i n g  income. Both o f  these c r i t e r i a ,  wh i l e  s t a t i n g  sound 

economic and f i s c a l  po l i c i es ,  must be recognized as p o l i t i c a l l y  conservat ive 

viewpoints. 

I n  some instances there may be good reasons f o r  no t  s t r i c t l y  adhering t o  

these c r i t e r i a .  For over 25 years the U. S. Government, through i t s  var ious 

g ran t  and loan programs, has chosen t o  subsid ize the  cons t ruc t ion  o f  water 

and wastewater f a c i  l i t i e s  as incent ives  t o  s t imu la te  the  development o f  sys- 

tems i n  l o c a l  communities t h a t  otherwise would n o t  o r  cou ld  n o t  undertake the 

pro jec ts .  C r i t i c s  of these programs have argued t h a t  they have lead t o  

economical ly i n e f f i c i e n t  investments by b ias ing  l o c a l i t i e s  toward c a p i t a l -  

i n tens i ve  pro jec ts .  They have a lso argued t h a t  federa l  cons t ruc t ion  grants 

have decreased ra tes  o f  l o c a l  investments because 1  ocal governments w i  11 n o t  

a c t  u n t i l  the federa l  grants are made ava i lab le .  The f a c t  t h a t  m u n i c i p a l i t i e s  

have lagged behind i ndus t r y  i n  b r i ng ing  t h e i r  pol  l u t i o n  sources i n t o  compli- 

ance w i t h  app l icab le  standards i s  c i t e d  as evidence t o  support t h a t  p o s i t i o n  

(Freeman, 1979). However, a  p a r t i c u l a r l y  d i f f i c u l  t problem t o  solve w i t h i n  

the  cons t ra in t s  o f  these c r i t e r i a  i s  the  p rov i s ion  o f  serv ices t o  t h a t  segment 

of  the  populat ion t h a t  i s  both the l e a s t  able t o  pay and tha t ,  by i t s  use of the  

service, would prov ide the greates t  b e n e f i t  t o  the  community as a  whole. The 

poor are by d e f i n i t i o n  the l e a s t  ab le  t o  pay, and they are o f t e n  the group 



where p u b l i c  hea l th  p ro tec t i on  would y i e l d  the greates t  b e n e f i t  t o  the com- 

munity as a  whole. I n  these circumstances some form o f  t rans fe r  payments may 

be des i rab le  t o  p r o t e c t  both the suscept ib le group and the community. 

A f i n a l  s e t  o f  c r i t e r i a  re levant  t o  a l t e r n a t i v e  f inanc ing  mechanisms 

inc ludes l ega l  cons t ra in t s  on a rb i t rage  and the  po l  i t i c a l  acceptabi l  i t y  o f  

unstable p r i c e  changes. There i s  a  l a r g e  body o f  regu la t ions  by the I n t e r n a l  

Revenue Service t h a t  p r o h i b i t  tax- f ree  en terpr ises  from borrowing a t  tax- f ree 

ra tes  and re inves t i ng  the  proceeds a t  h igher  commercial rates. While t h a t  

p r a c t i c e  can be exp lo i t ed  t o  some extent,  there  are l i m i t s  t o  i t s  use. There 

are a l s o  1  i m i t s  t o  which the  p u b l i c  w i l l  accept sharp p r i c e  increases o r  l a r g e  

f l u c t u a t i o n s  i n  p r i ces  f o r  water and sewer services. Those l i m i t s  a re  n o t  

usua l l y  prescr ibed by regu la t ion ,  b u t  prudence d i c ta tes  t h a t  care should be 

taken t o  avoid development o f  programs and f i n a n c i a l  s t ra teg ies  t h a t  lead t o  

large,  sudden s h i f t s  i n  pr ices. 

A1 te rna t i ves  

Given these ob jec t ives  and c r i t e r i a ,  the  problem becomes one o f  f i n d i n g  

what a c t i o n  o r  combination o f  ac t ions  bes t  s a t i s f i e s  the object ives.  I t  i s  

convenient t o  d i v ide  the  a1 te rna t i ves  i n t o  two categories: those ac t ions  t h a t  

can be taken a t  the i n i t i a t i v e  o f  s ta te  government t o  a s s i s t  l o c a l  governments 

and those t h a t  can be i n i t i a t e d  by l o c a l  governments themselves. I n  a  companion 

r e p o r t  t o  t h i s  one, Whi t t ington and Snyder (1983) have examined a  number o f  

poss ib le  ac t ions  by s t a t e  government. This  r e p o r t  focuses on those t h a t  can 

be i n i t i a t e d  by l o c a l  governments. 

There are a t  l e a s t  three i n t e r r e l a t e d  sets o f  ac t ions  t h a t  l o c a l  govern- 

ments can i n i t i a t e .  F i r s t ,  there are a  number o f  steps t h a t  may be taken t o  

defer major c a p i t a l  investments; second, there i s  a  need t o  reform r a t e  s t ruc-  

tures t o  r e f l e c t  the f u l l  costs o f  p rov id ing  services; and t h i r d ,  there are a  

v a r i e t y  o f  new f i n a n c i a l  instruments t h a t  should be considered. A l l  these possi -  

b i l  i t i e s  p o i n t  t o  the need f o r  g rea ter  a t t e n t i o n  t o  l oad  management techniques 

and improved procedures f o r  c a p i t a l  budgeting and f inanc ing  s t ra teg ies .  

Deferr ing Capi ta l  Investments. Inc luded i n  the  f i r s t  s e t  o f  ac t ions  

are : 

1. reduct ions i n  demand through conservation, i nc lud ing  the use o f  

p r i c i n g  mechanisms as incent ives;  



2 .  improved e f f i c i e n c i e s  i n  the operat ion and maintenance o f  

e x i s t i n g  f a c i l  i t i e s ;  

3.  acceptance of a higher l e v e l  of r i s k  on the  p a r t  o f  the  con- 

suming pub l ic ;  

4 management techniques t o  reduce peak 1 oads ; 

5. improved sequencing of c a p i t a l  p r o j e c t s  t o  reduce excess 

capac i ty  i n  large-scale pro jec ts .  

The importance o f  these opt ions can be seen by the  f o l  lowing simple ca l cu la -  

t ion .  Consider a one-mi 11 ion-do1 1 a r  investment. I f  t h a t  expenditure i s  
made now, i t s  present  value o f  c o s t  i s  e x a c t l y  one m i  11 i on  do1 l a rs .  I f  t h a t  
investment i s  postponed f o r  one year  and the  d iscount  r a t e  i s  f o u r  percent  

a f t e r  ad jus t i ng  f o r  i n f l a t i o n ,  t he  present  val  ue o f  t h a t  expenditure i s  

$961,538, a savings o f  3.8 percent  i n  cost.  I f  the investment i s  postponed 

two years, there  i s  a 7.5 percent  savings; f o r  three years, an 11 .I percent  

savings. I f  the  investment i s  delayed f o r  f i v e  years, the  present  value o f  

t h a t  investment i s  reduced t o  $821.927, a savings o f  17.8 percent. These 

savings w i l l  be r e a l i z e d  desp i te  i n f l a t i o n a r y  increases f o r  de fer red  con- 

s t r u c t i o n  costs so long as the i n f l a t i o n  r a t e  f o r  cons t ruc t ion  i s  the  same as 

the  general r a t e  o f  i n f l a t i o n .  

The fac t  t h a t  a broad range o f  new, non-st ructura l  management techniques 

are coming o f  age i s  we l l  i l l u s t r a t e d  by recent  implementation o f  t h e  water 

supply management plan f o r  t h e  Washington, DC, metropol i tan area ( C i v i l  Engi- 

neering, 1983). Implementation o f  t h a t  plan ended a 30-year search f o r  the 

s o l u t i o n  t o  a major water supply problem. The p lan was developed w i t h  the  use 

o f  s ta te -o f - the-ar t  a n a l y t i c a l  techniques and through cooperat ive arrangements 

among the three major supp l ie rs  i n  the  region, the  Washington Suburban Sani- 

t a r y  D i s t r i c t ,  the Fai r f a x  County Water Author i ty ,  and the  Washington Aqueduct 

D i v i s i o n  o f  the U.. S. Amy Corps o f  Engineers. The most important  fea ture  o f  

t h a t  p lan i s  t h a t  i t  requ i res  o n l y  one new, r e l a t i v e l y  small r e s e r v o i r  t o  

serve the  needs o f  the  area over the next  20 years. The p lan  re1  i e s  on: (1) 

improved operat ing r u l e s  f o r  the  several e x i s t i n g  rese rvo i r s  i n  the  system; 

( 2 )  a new r i v e r  fo recas t ing  system; ( 3 )  a model f o r  p r e d i c t i n g  demand and the  

use o f  those r e s u l t s  t o  operate the system; (4)  the use o f  d i s t r i b u t i o n  sys- 

tems ana lys is  t o  improve t h e  del i v e r y  o f  water t o  po in t s  o f  demand throughout 

the  region; and ( 5 )  the use o f  r i s k  ana lys is  i n  managing the system under 



drought condit ions. This p lan i s  p ro jec ted  t o  save the  region between $200 

m i l  l i o n  and $1 b i l l  i on  when compared w i t h  o ther  a1 te rna t ives ,  some o f  which 

c a l l e d  f o r  the  construct ion o f  up t o  16 new reservoi rs .  

Opportuni t ies f o r  ach iev i  ng improvements i n  system operat ion are more 

abundant i n  reg iona l  s i t u a t i o n s  w i t h  complex supply systems and m u l t i p l e  ser- 

v i ce  areas such as t h a t  i n  the Washington metropol i t a n  area. S i m i l a r  oppor- 

t u n i  t i e s  are a v a i l a b l e  i n  some regions o f  Nor th  Carolina, p a r t i c u l a r l y  i n  

the  Research Tr iang le  and Piedmont T r i ad  regions. Some o f  those opportuni-  

t i e s  have a l ready been i d e n t i f i e d  (Moreau, e t  a l e ,  1973; Higgins and Okun, 

1972), b u t  they have been g iven less weight i n  p lanning processes than they 

should have. Even i n  r e l a t i v e l y  simple s i t u a t i o n s  i n v o l v i n g  s i n g l e  serv ice 

areas and one single-purpose reservo i r ,  there are oppor tun i t i es  t o  m i  t i g a t e  

the e f f e c t s  o f  la rge  p r i c e  increases t h a t  may r e s u l t  from "doing business 

as usual." 

Load management i s  a technique t h a t  i s  matur ing i n  the  e l e c t r i c  power 

i ndus t r y  b u t  i s  r a r e l y  discussed i n  water and sewer u t i l i t i e s .  The ob jec t i ve  

of load management i s  t o  reduce peak demands, thereby reducing the ra tes  o f  

expansion o f  f a c i l i t i e s  necessary f o r  supplying those peak demands. A r e l a -  

t i v e l y  simple app l i ca t i on  o f  t h i s  approach would be the  i n s t i t u t i o n  o f  odd- 

even lawn s p r i n k l i n g  t o  reduce peak demands on water treatment p lan ts  and 

d i s t r i b u t i o n  sys tems when those f a c i  1  i t i e s  are approaching t h e i r  capaci t ies.  

Most o f  the analogies t o  the e l e c t r i c  power i ndus t r y  are b e t t e r  made w i t h  

water systems than w i t h  sewer systems, b u t  even i n  waste management there are 

oppor tun i t i es  t o  reduce peaks t o  extend the usefu l  1  i f e  o f  e x i s t i n g  f a c i l i t i e s .  

I n d u s t r i a l  customers could be induced t o  a l t e r  t h e i r  t im ing  o f  discharges 

through appropr iate incent ives.  Despite the  regu la t ions  f o r  i n f  il t r a t i o n -  

i n f l o w  studies t h a t  accompanied the federal  grants, many urban sewer systems 

are n o t  wel l  managed. I n f i  1  t r a t i o n  from stormwater remains a major con t r i bu to r  

t o  peak loads o f  pumping s t a t i o n s  and waste treatment p lants.  I n  f ac t ,  very 

l i t t l e  a t t e n t i o n  i s  given t o  monitor ing, analys is ,  and rea l - t ime management 

o f  f lows i n  these systems. 

Land management may be viewed as a form o f  conservat ion w i t h  the  spec ia l  

purpose o f  reducing peak loads. Other conservat ion measures may a lso pay 

dividends by lead ing  t o  the  de fe r ra l  o f  c a p i t a l  expenditures. These opt ions 

have been discussed n a t i o n a l l y  and i n  Nor th  Carol ina (Stewart, 1975), b u t  



few have been p u t  into practice. The Orange Water and Sewer Authority serving 
Chapel Hill and Carrboro has been offering reduced-flow shower heads and plastic 
dams t o  i t s  customers free of charge. Their action was promoted by a series of 
recurring shortages whi le their decision to expand the supply has been delayed 
by court action, 

Yet, another way to defer capital expenditures i s  to improve the sequencing 
of capital projects by using a sequence of smaller-scale projects to defer large 
projects, thereby improving the balance between supply and demand and reducing 
excess capacity. The problem of finding optimal timing and scales for expand- 
ing capacity has been well developed i n  the literature, and general rules for 
practice have been derived. However, much of that li terature and practice are 
not appropriate to the present economic climate. When the cost of capital 
increases, the benefits of economies-of-scale are diminished i f  the larger proj- 
ects result in excess capacity. Traditional design periods for water supply 
and waste management faci l i t ies  have been upwards of 20 years. With those design 
periods, a city needs t o  make an investment now t o  supply needs for extended 
periods into the future, even though present needs may be substantially less than 
those for which faci l i t ies  are designed. Traditional selection cri teria tend to 
favor projects that can meet long-ten needs and reject smaller projects as being 
infeasible. In the present economic cl imate, where small er-scale opportunities 
are available, a sequence of small projects can lead t o  a less-costly time 
stream of investments than a single, large investment. 

Rate Reform. One incentive that could lead t o  reduced demands, and thus, 
t o  the deferral of capital expenditures, i s  a change in the price structure. 
In an era of increasing costs for expanding water supplies and waste disposal 
sys tems , the promotional effects of decl ining block rate structures have 1 i t t l e  
justification; yet, many ci t ies in North Carol ina s t i l l  use this structure in 
setting their water and sewer rates. A1  t hough  the effects of changing these 
structures may be small relative t o  total water demands, some changes, such as 

seasonal surcharges, could have significant effects on peak demands. There i s  

a need for greater attention to this possibility as well as t o  other structures 
that may be appropriate t o  the present economic climate. Guidelines for indus- 

t r ia l  surcharges have been developed for North Carol ina c i t i es  (WRRI , 1972), and 
the problem of water and wastewater pricing has been explored (Stewart, 1978). 

Of course, there i s  another obvious reason that water and sewer rates 
should be reformed. Data presented in Chapter I1  indicate clearly that revenues 



are i n s u f f i c i e n t  t o  cover costs; i n  some cases the revenues do n o t  even cover 

operat ing costs. Rates should be rev ised t o  recover the f u l l  cost  o f  service, 

i nc lud ing  adequate a1 lowances f o r  depreciat ion and replacement o f  a l l  c a p i t a l  

assets t h a t  a re  t o  be f inanced w i t h  i n t e r n a l l y  generated funds. 

As noted e a r l i e r ,  there are v a l i d  reasons f o r  us ing s t a t e  and federa l  

sources o f  revenue t o  subsi d i  ze loca 1 governments . Under some c i  rcumstances the 

use o f  l o c a l  general tax  revenues may a l so  be j u s t i f i e d ,  espec ia l l y  f o r  the 

extension o f  serv ice i n  t o  low-income neighborhoods. However, the use o f  i n t e r -  

governmental t r ans fe rs  o f  revenues and the use o f  p roper ty  tax revenues are both 

contrary t o  e x i s t i n g  trends i n  North Carol ina and the  na t i on  as a whole. The 

decl ine o f  federal  support has been documented i n  Chapter I; s t a t e  support f o r  

l o c a l  f a c i l i t i e s  w i l l  a lso  dec l ine  as a r e s u l t  o f  ac t i on  by the  Genera1 Assembly 

i n  1983 when i t  rescinded the t h i r d  issue o f  the Clean Water Bonds. Property 

taxes are a l so  dec l i n ing  as a percentage o f  l o c a l  revenues. Spain and Wooldrige 

(1981, p. 115) est imated t h a t  i n  1972, p roper ty  taxes cont r ibu ted  59.6 percent  

of l oca l  revenues i n  Nor th  Carolina. That percentage dropped t o  52.7 percent  

i n  1977 and t o  50.2 percent i n  1979. A t  the na t i ona l  l eve l ,  t h a t  percentage 

dropped from 63.5 i n  1972, t o  60.0 i n  1977, t o  53.5 i n  1979. These trends are 

o f f s e t  by increased re1 iance on serv ice charges such as those f o r  water and 

sewer services. I n  North Carol ina i n  1972, serv ice charges accounted f o r  24. 0 

percent o f  l oca l  revenues, increasing t o  27.3 percent  i n  1977 and 28.7 percent  

i n  1979. S im i l a r  s h i f t s  have occurred i n  almost a l l  o ther  states. Thus, r e v i -  

s ions i n  water and sewer r a t e  s t ruc tures  t o  recover a l l  costs would be cons is ten t  

w i t h  na t iona l  trends i n  l o c a l  f inance. 

A l t e r n a t i v e  Methods o f  Borrowing. Another t rend  i n  l o c a l  f inance i s  the  

use o f  a v a r i e t y  o f  new f i n a n c i a l  instruments t h a t  are co l  l e c t i v e l y  r e f e r r e d  

t o  as "c rea t ive  f inancing." These i nstruments inc lude new o r  rev i ved  methods 

f o r  both s h o r t - t e n  and long-term borrowing t h a t  have entered the f i n a n c i a l  

markets w i t h i n  the pas t  three years. Comprehensive reviews o f  these methods 

are ava i l ab le  i n  pub1 i c a t i o n s  o f  the Munic ipal  Finance O f f i c e r s  Associat ion and 

the In te rna t i ona l  C i t y  Management Associat ion, i nc lud ing  those by Moak ( 1  982), 

Matzer (1983), and Peterson and Hough (1983). W i  11 iams (1 982) has a good review 

o f  these methods as they have been used f o r  the  f inanc ing  o f  water u t i l  i t i e s .  

Creat ive techniques f o r  long-term bond f inanc ing  inc lude the  f o l  lowing: 

(1)  tender op t ion  bonds, (2)  insured bonds, ( 3 )  o r i g i n a l  issue d iscount  bonds, 

(4 )  zero-coupon bonds, (5 )  stepped-coupon bonds, and ( 6 )  f loat ing-coupon bonds. 



Creat ive  techniques f o r  1  ong-term bond f inancing inc lude the  fo l low ing:  

(1 ) tender op t i on  bonds, (2) insured bonds, ( 3 )  o r i g i n a l  issue d iscount  bonds, 

(4)  zero-coupon bonds, ( 5 )  stepped-coupon bonds, and ( 6 )  f loat ing-coupon bonds. 

Conventional f inancing t y p i c a l l y  uses s e r i a l  bonds t h a t  a re  s o l d  a t  par 

value and are s t ruc tu red  t o  have constant annual debt service: i n t e r e s t  ra tes  

are  the  same fo r  a l l  the bonds regardless o f  t h e i r  date o f  matur i ty .  Tender 

op t ion  bonds are s i m i l a r  t o  convent ional bonds, b u t  they inc lude an op t i on  f o r  

the i nves to r  t o  redeem the  bonds a t  par value a t  spec i f i ed  i n t e r v a l s  o f  time; 

say, every th ree  t o  f i v e  years. That op t i on  pro tec ts  the  i nves to r  from the  l o s s  

of reinvestment oppor tun i t i es  if i n t e r e s t  ra tes  r i  se dur ing  the  p e r i o d  the  bond 

i s  held. Bond insurance i s  a v a i l a b l e  t o  m u n i c i p a l i t i e s  as an opt ion  f o r  increas- 

i n g  t h e i r  bond ra t i ng ,  thereby qua1 i f y i n g  them f o r  lower i n t e r e s t  ra tes  i n  t h k  

market. To b e n e f i t  from t h i s  opt ion,  the cos t  of insurance must be less  than the  

savings t h a t  would r e s u l t  i f  the  bonds are s o l d  a t  lower i n t e r e s t  rates.  Or ig ina l  

issue d iscount  bonds are  a l so  s i m i l a r  t o  conventional bonds except f o r  t h e  f a c t  

t h a t  they a re  so ld  o r i g i n a l l y  a t  below par value. Thus, re tu rns  t o  the  i nves to r  

come i n  the form o f  c a p i t a l  gains as we l l  as i n  annual i n t e r e s t  payments. An 

extreme vers ion o f  t h i s  type o f  bond i s  the  zero coupon bond, which c a r r i e d  no 

i n t e r e s t  payment; a l l  re tu rns  f o r  t h i s  type o f  bond are i n  the  form o f  c a p i t a l  

gains, the  d i f f e rence  between the  purchase p r i c e  and par  value. Stepped coupon 

bonds are  a lso  s e r i a l  bonds, bu t  unl  i ke convent ional bonds t h a t  ca r r y  constant  

i n t e r e s t  ra tes  throughout the  range o f  maturing, these bonds have s p e c i f i e d  i n t e r -  

es t  ra tes  t h a t  increase from the f i r s t  year o f  ma tu r i t y  t o  the  l a s t .  A l l  bonds 

outstanding i n  a  given year ca r r y  the same i n t e r e s t  r a t e  f o r  t h a t  year. F loa t -  

i n g  r a t e  bonds do n o t  ca r r y  f i x e d  i n t e r e s t  rates;  the  ra tes  a re  al lowed t o  f l uc tu -  

a t e  according t o  market cond i t ions  according t o  a  spec i f i ed  index, w i t h  the  pos- 

s i b i l i t y  t h a t  maximum and minimum l i m i t s  on ra tes  may be f ixed.  

These new- instruments are designed p r i m a r i l y  t o  enhance the  marketabi l  i t y  

o f  bonds by t r a n s f e r r i n g  investment r i s k s  from inves tors  t o  the issuer .  Conven- 

t i o n a l  bonds w i t h  f i x e d  ra tes  t h a t  l ock  inves tors  i n t o  l o n g - t e n  commitments are 

now s e l l i n g  a t  higher ra tes  t o  r e f l e c t  i nves to rs '  r i s k s .  The v a r i e t y  o f  new tech- 

niques are a l so  designed t o  a t t r a c t  inves tors  from d i f f e r e n t  segments o f  t he  mar- 

ket.  They may o f f e r  oppor tun i t i es  f o r  lower costs than conventional bonds, espe- 

c i a l  l y  i n  the  e a r l y  years o f  matur i ty ,  bu t  these lower costs come a t  the  expense 

o f  increased r i sks .  



For the most part, these c r e a t i v e  instruments work against  the goal o f  

improving equ i t y  between present and f u t u r e  customers o f  water and sewer 

services. Least-cost design p r i n c i p l e s  1 ead t o  the s i t u a t i o n  described 

e a r l i e r ;  namely, t h a t  u t i l  i t i e s  i nves t  now t o  prov ide f o r  growth over extended 

per iods i n t o  the fu tu re .  Present customers must then bear the cos t  o f  prov id-  

i n g  excess capaci ty  i n  the e a r l y  years because the  s t ruc tu re  o f  convent ional 

bonds does n o t  permi t  costs t o  be s h i f t e d  completely t o  f u t u r e  customers. For 

example, consider a c i t y  o f  50,000 persons growing a t  a r a t e  o f  two percent  a 

year, where i n f l a t i o n  i s  f i v e  percent a year. I f  t h a t  c i t y  issues one m i l l i o n  

do1 l a r s  o f  bonds maturing over 25 years w i t h  a ten percent i n t e r e s t  rate,  then 

the annual debt serv ice  w i l l  be $110,168 i n  nominal terms. I n  r e a l  terms, the  

debt serv ice  w i l l  decrease from $104,922 i n  the  f i r s t  year t o  $32,533 i n  the 

l a s t  year. Real per cap i ta  payments w i l l  decrease from $2.06 t o  $0.40 over 

t h a t  t ime period. 

That i nequ i t y  i s  aggravated by most o f  the new techniques because they 

are  designed t o  reduce r i s k  by paying o f f  a l a r g e r  p ropor t ion  o f  the  debt i n  

the e a r l y  years. O f  course, t h a t  fea ture  i s  a t t r a c t i v e  t o  those who a re  p r i -  

mari  l y  concerned w i t h  the  f i s c a l  soundness o f  l o c a l  governments. However, i t  

i s  poss ib le  t o  s t r u c t u r e  some o f  these techniques o r  combinations o f  tech- 

niques t o  ge t  a b e t t e r  match between debt serv ice  and an t i c i pa ted  i n f l a t i o n  

and growth rates. Zero coupon bonds can be e a s i l y  s t ruc tu red  i n  t h a t  manner. 

For example, consider an issue w i t h  a present  value o f  one m i l l i o n  d o l l a r s  

where the  y i e l d s  range from 7.4 percent  i n  the f i r s t  year t o  17 percent i n  

the t w e n t y - f i f t h  year, increasing by 0.4 po in t s  per year. I f  the  annual debt 

serv ice  on these bonds i s  a1 lowed t o  increase by fou r  percent  a year, nominal 

payments w i l l  be $96,376 i n  the f i r s t  year and increase t o  $247,041 i n  the 

l a s t  year. I f  the  same condi t ions apply as i n  the e a r l i e r  example, the r e a l  

per cap i ta  payment w i l l  decrease' from $1.80 i n  the f i r s t  year  t o  $0.89 i n  the 

l a s t .  This r e s u l t  i s  c l e a r l y  more equ i tab le  than w i t h  convent ional bonds, 

bu t  i n  t h i s  example the  t r u e  i n t e r e s t  cos t  i s  12.2 percent, h igher  than the 

10.0 percent f o r  the  conventional bonds w i t h  which i t  i s  being compared. I t  

i s  poss ib le  t o  s t ruc tu re  the zero coupon bonds so t h a t  r e a l  per cap i ta  payments 

w i l l  be constant over the  25 years a t  a l e v e l  o f  $1.44. To achieve t h a t  annual 

debt, serv ice  would have t o  grow a t  a r a t e  o f  7.1 percent, t r ue  i n t e r e s t  cos t  

would be 12.6 percent, and t h e  payment i n  the  f i n a l  year  would be $400,097. 

Thus, e q u i t y  can be achieved, bu t  i t  must be purchased a t  a p r ice .  Also, the  

ba l loon ing  o f  debt serv ice i n  t h i s  case may exceed lega l  o r  advisable 1 i rn i ts .  





Chapter I V  

ANALYSIS OF ILLUSTRATIVE CASES 

There i s  no general analys is  t h a t  can be used t o  est imate the bene f i t s  o f  

us ing any o f  the  a l t e rna t i ves  described i n  Chapter 111. Those bene f i t s  must 

be estimated i n  the  context  o f  s p e c i f i c  l o c a l  s i t u a t i o n s  on a case-by-case 

basis. The contextual f ac to rs  t h a t  must be considered inc lude:  (1)  the spe- 

c i f i c  water supply and wastewater disposal needs o f  the  c i t y  o r  region; ( 2 )  

the kinds, amounts, and t im ing  o f  growth i n  demand f o r  these services; (3)  the 

p a r t i c u l a r  oppor tun i t i es  t h a t  e x i s t  f o r  expanding the  use o f  e x i s t i n g  f a c i l  i- 

t ies ;  ( 4 )  the p a r t i c u l a r  s e t  o f  oppor tun i t i es  ava i l ab le  t o  the  region f o r  

expanding i t s  water supply and waste management f a c i l  i t i e s ;  ( 5) the cur ren t  

f i nanc ia l  p o s i t i o n  o f  the region, i nc lud ing  i t s  cur ren t  l e v e l s  o f  debt, i t s  

f i n a n c i a l  reserves, i t s  cur ren t  r a t e  s t ruc ture ,  and the a v a i l a b i l i t y  o f  grants; 

and (6 )  the  general p o l i t i c a l  and economic c l imate o f  the  region. 

I n  the  absence o f  any general analysis,  evaluat ions o f  s p e c i f i c  cases can 

prov ide useful i n s i g h t s  i n t o  the p o t e n t i a l  bene f i t s  t h a t  may be r e a l  i zed  i f  

those a1 te rna t i ves  are  u t i l i z e d .  I n  t h i s  chapter several o f  those possi b i l i -  

t i e s  are evaluated i n  the  context  o f  water supply and wastewater management 

i n  the Durham-Chapel H i l l  area o f  North Carol ina. The f i r s t  o f  these cases 

focuses on the water supply expansion decis ion by the C i t y  o f  Durham. The 

second case examines the c a p i t a l  -improvement program developed by the  Orange 

Water and Sewer Author i ty ,  the supp l i e r  o f  serv ices t o  the Chapel H i l l -  

Carrboro area. These cases inc lude:  (1)  an evaluat ion o f  the  e f f e c t  of 

e l im ina t i ng  State and Federal grants; ( 2 )  the savings t h a t  w i l l  accrue from 

the  de fe r ra l  o f  c a p i t a l  expenditures through a combination o f  l oad  management 

and conservat ion techniques; and ( 3 )  an eva lua t ion  o f  the use o f  c rea t i ve  

f inancing as an a l t e r n a t i v e  t o  conventional annui ty  bonds. 

A t  l e a s t  two approaches can be used t o  evaluate the  consequences o f  us ing 

any of these techniques. One approach i s  t o  perform a convent ional economic 

and f i n a n c i a l  ana lys is  on a d i sc re te  s e t  o f  a l t e rna t i ves ,  es t imat ing  the  costs 

o f  each a l t e r n a t i v e  and es t imat ing  the impacts o f  each on cash f l ow  requ i re -  

ments. That i s  the  approach taken here f o r  the eva lua t ion  o f  regional  i n t e -  

g ra t i on  o f  f a c i l i t i e s  f o r  Chapel H i l l  and Durham and f o r  the evaluat ion o f  

improved sequencing o f  c a p i t a l  p r o j e c t s  i n  Durham. A second approach i s  the 



use of a formal op t im iza t ion  model. Such a model has been developed here f o r  

the eval ua t ion  o f  the c a p i t a l  -improvement program devel oped by OWASA. 

I n t roduc t i on  

The convent ional approach t o  water supply planning o f ten  divorces the  

issues o f  p r o j e c t  se lec t ion  and t im ing  of investments from f i nanc ing  and 

water p r i c i n g  concerns. I n  the  standard p lanning process, water use i s  fo re-  

cas t  as a funct ion of populat ion and economic growth, u s u a l l y  25-50 years 

i n t o  the  future. The t o t a l  water a v a i l a b l e  from the  e x i s t i n g  system i s  then 

compared w i t h  t h i s  forecast,  and a v a r i e t y  o f  p r o j e c t s  a re  examined which 

would br idge t h i s  gap between supply and demand. One o f  the  p r o j e c t  a1 terna- 

t i v e s  i s  then selected based on a v a r i e t y  o f  object ives,  such as t o  minimize 

costs, Create recreat iona l  oppor tun i t ies ,  p r o t e c t  environmental qua1 i ty ,  and 

increase equi ty .  The m u n i c i p a l i t y  then determines whether i t  has the f inan-  

c i a l  capaci ty  t o  pay f o r  the  proposed p ro jec t ,  given g ran t  sources, water 

revenues, and present  indebtedness. I f  f inanc ing  i s  possib le,  cons t ruc t ion  

may begin. This approach ignores the  costs incur red  by i d l e ,  excess capac i ty  

over the  p lanning hor izon and the  a d d i t i o n a l  r i s k  i ncu r red  by the  p o s s i b i l i t y  

t h a t  t he  forecast  demand may n o t  ma te r i a l i ze .  I t  a l so  ignores the i m o l  i c a t i o n s  

o f  f inanc ing  arrangements and p r i ces  t o  be pa id  by consumers as determined by 

the r a t e - s e t t i n g  procedure. The p r o f i l e  o f  f u t u r e  p r i ces  may a f f e c t  the  quan- 

t i t y  o f  water demanded and, thus, the sca le  and t im ing  o f  the  p r o j e c t s  t o  be 

b u i l t .  

The ob jec t i ve  o f  t h i s  case study i s  t o  i l l u s t r a t e  the r e l a t i o n s h i p  

between water capaci ty  expansion and f inanc ing  decisions us ing a s p e c i f i c  

example; namely, the water supply capaci ty  decis ion o f  t he  City o f  Durham. 

The choice o f  Durham as a case was made i n  l a r g e  p a r t  because o f  t h e  

d e t a i l e d  evaluat ions o f  a l a r g e  number o f  a l t e rna t i ves ,  a v a i l a b l e  i n  the 

environmental assessment submitted t o  the U. S. Amy  Corps o f  Engineers i n  

support o f  Durham's app l i ca t i on  f o r  a dredge and f i l l  pe rm i t  under Sect ion 

404 o f  t he  Clean Water Ac t  (PL 92-500). This  permi t  i s  requ i red  f o r  the  

cons t ruc t ion  o f  the  r e s e r v o i r  on L i t t l e  River  a t  Orange Factory. The ana lys is  

developed i n  t h i s  case study i s  n o t  in tended as a comprehensive eva lua t ion  of 

Durham's decis ion t o  proceed w i t h  the p r o j e c t  on L i t t l e  River. I t  i s  intended 

t o  demonstrate the economi c  and f i n a n c i a l  advantages o f  schedul i n g  a sequence 

o f  smal ler  p r o j e c t s  as an a l t e r n a t i v e  t o  a s i n g l e  l a rge  p r o j e c t  i n  which 



there i s  i d l e  capaci ty  i n  the e a r l y  years o f  the l i f e  o f  the pro jec t .  This  

analys is  does n o t  address water q u a l i t y  issues nor  the problem o f  uncer ta in ty  

about the f u t u r e  a v a i l a b i l i t y  of prime rese rvo i r  s i t e s  when p ro jec ts  are 

deferred. There i s  1  i t t l e  doubt t ha t  the  L i t t l e  River  p r o j e c t  would be 

necessary as a  fu tu re  water supply fo r  Durham. The analys is  presented here 

simply asks the question: What savings could be achieved by de fe r r i ng  t h a t  
' 

p r o j e c t  f o r  a  pe r iod  o f  t ime wh i l e  a  ser ies  o f  smal ler  p ro jec ts  are used t o  

meet demands i n  the  i n t e r i m ?  

This quest ion i s  addressed by examining the p ro jec ted  needs f o r  water i n  

Durham and comparing those needs w i t h  the cu r ren t  supply. Then, the  var ious 

opt ions f o r  expanding the supply are examined; and f i n a l l y ,  the imp1 i c a t i o n s  

o f  three f inanc ing  arrangements are assessed f o r  two o f  the opt ions. 

Water Supply and Demand S i tua t i on  i n  Durham 

Durham i s  loca ted  i n  t he  cent ra l  Piedmont reg ion  o f  Nor th  Carol ina and 

i s  p a r t  o f  the T r iang le  area, which a lso  inc ludes Raleigh, Chapel H i l l ,  and 

Research Tr iang le  Park. Each o f  these three c i t i e s  operates i t s  own water 

supply system. Chapel H i l l  obta ins water from U n i v e r s i t y  Lake; Raleigh uses 

water from Beaverdam Lake, the  Neuse River,  and Butner Lake i n  emergency 

s i t u a t i o n s  (F igure 10). I n  add i t ion ,  the 6. Evere t t  Jordan Lake and F a l l s  o f  

the  Neuse Reservoir  have recen t l y  been constructed by the U. S. Army Corps o f  

Engineers. Jordan Lake i s  a  mu1 ti purpose rese rvo i r  loca ted  twenty-f ive m i  1  es 

southwest o f  Durham and has n o t  y e t  been approved by the Nor th  Carol ina Depart- 

ment of Natural  Resources and Community Development, D i v i s ion  o f  Environmental 

Management, f o r  use as a  p u b l i c  water supply. The F a l l s  o f  the Neuse Reser- 

v o i r  t o  the east  o f  Durham has j u s t  recen t l y  reached i t s  conservation pool 

l e v e l  and w i l l  supply water t o  Raleigh. 

The pr imary source o f  water f o r  Durham i s  Lake Michie on the F l a t  River. 

I t  has a  storage volume o f  3.5 b i l l  ion ga l lons  and an est imated safe y i e l d  o f  

21 m i l l i o n  ga l lons  per  day. Two water treatment p lan ts  are c u r r e n t l y  i n  use: 

(1 )  Wil l iams p lan t ,  w i t h  a  treatment capaci ty  o f  22 MGD, and (2 )  Wade Brown 

plant ,  w i t h  a  12 MGD capaci ty  ( p o t e n t i a l l y  expandable t o  96 MGD). Treated 

water i s  d i s t r i b u t e d  both i ns ide  and outs ide  the Durham c i t y  l i m i t s .  Addi- 

t i o n a l  water l i n e s  have been extended i n t o  the surrounding area of Durham 

County, and the Durham water supply a l so  serves a  po r t i on  o f  Research T r i -  

angle Park w i t h i n  Durham County, as we l l  as the  Raleigh-Durham A i rpo r t .  





Figure 11 presents average and maximum d a i l y  water use f o r  Durham from 

1972 t o  1981. Average dai  l y  water use increased 48 percent over the ten-year 

period; maximum d a i l y  use rose 74 percent. Per cap i ta  water use has a l so  

increased over the pe r iod  and i s  now about 184 ga l lons  per  person per  day. 

Approximately 40 percent o f  Durham's water use i s  by residences; another 

40 percent i s  used by indus t r ies ,  i n s t i t u t i o n s ,  and commercial establishments. 

The remaining 20 percent i s  l o s t  o r  unaccounted fo r .  Durham c u r r e n t l y  charges 

water users based on a dec l i n ing  s ix-b lock r a t e  schedule. Within each block, 

ra tes  d i f f e r  between users i ns ide  and outs ide  the  c i t y  l i m i t s ;  users outs ide 

the c i t y  l i m i t s  are charged ra tes  twice as much as those i ns ide  the  c i t y  

l i m i t s .  The u n i t  charge d i f f e r e n t i a l  between the l a r g e s t  and smal lest  blocks 

i s  about 50 percent. 

Long-range water use forecasts f o r  the C i t y  o f  Durham were prepared by 

the Tr iang le  J Council o f  Governments ( 1  977), North Carol ina  Department o f  

Natura l  Resources and Community Development, O f f i c e  o f  Water Resources 

( repor ted  i n  a study o f  water supply a l t e r n a t i v e s  f o r  t h e  Upper Neuse River  

Basin, undated), and the  C i t y  of Durham ( repor ted  i n  Hazen & Sawyer, 1979). 

The Tr iang le  J Council o f  Governments and C i t y  o f  Durham forecasts are con- 

t ras ted  i n  Figure 12; subs tant ia l  v a r i a t i o n s  e x i s t  by the  end o f  the  p lanning 

period. According t o  these water-use forecasts, the  21 - m i  11 ion-gal  lon-per- 

day safe y i e l d  from Lake Michie w i l l  be capable o f  meeting the  water requ i re -  

ments i n  the  C i t y  o f  Durham u n t i l  about 1985-1990. By the year  2000, water 

demand would exceed supply by about 12 MGD, and by the year  2010, the  shor t -  

f a l l  would be between 20 and 30 MGD. Thus, the conventional approach concludes 

t h a t  add i t i ona l  capaci ty  i n  the order o f  20 MGD i s  requ i red  t o  balance supply 

and demand. 

Water Supply A1 te rna t ives  f o r  Durham 

A1 te rna t i ves  t o  meet Durham's water demand were explored i n  the  Envi ron- 

mental Impact Statement (EIS) f o r  a rese rvo i r  p r o j e c t  on L i t t l e  River  a t  Orange 

Factory. This E I S  was prepared by Hazen and Sawyer, Consult ing Engineers, 

under con t rac t  w i t h  the C i t y  o f  Durham. I t  i s ,  i n  e f f e c t ,  a  p r o j e c t  evalua- 

t i o n  document comparing n ine p r o j e c t  a l t e r n a t i v e s  f o r  increasing Durham's 

water supply. The c h a r a c t e r i s t i c s  o f  these nine p r o j e c t s  are b r i e f l y  

described i n  Table 5, and t h e i r  loca t ions  are shown i n  Figure 13. The E I S  

re jec ted  the Nel l o  Teer Quarry and Lake Butner Municipal Reservoir  because 



maximum day 
y=x + 18.33 
r2=0.86 

average day 
~ 0 . 7 6 ~  + 13.8 
r2=0.93 

Figure 11. Average and Maximum Dai ly  Water Use i n  Durham , 

Figure 12: Water Demand Pro jec t ions  f o r  Durham t o  the  Year 2020 
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SCALE IN MIUS I '- 
H A Z E N  AND SAWYER 

ENGINEERS n 

LEGEND 

1)Proposed L i t t l e  River a t  Orange 
Factory Dam Site 

2: L i t t l e  River a t  S. R. 1461 Dam S i t e  
3)New Dam a t  Lake Michie 
4)Fla t  River a t  S.R. 1471 Dam S i t e  
5 )F la t  River a t  Moore's M i l l  

Dam S i t e  
6 )Fa l l s  of the  Neuse Reservoir 
7 ) B .  Everet t  Jordan Lake 
8) Tear Quarry 
9)  Lake Bu tne r  



n e i t h e r  cou ld  meet the pro jec ted  water use throughout the  p lanning horizon. 

P r imar i l y ,  on the basis of cons t ruc t ion  and O&M cos t  est imates and rec rea t i ona l  

considerat ions, the  EIS concluded t h a t  the  r e s e r v o i r  a t  L i t t l e  R iver  a t  Orange 

Factory was the p re fe r red  pro jec t .  The City o f  Durham has received vo te r  approval 

f o r  f l o a t i n g  bonds f o r  the L i t t l e  River  p ro jec t ,  and Durham has subsequently con- 

t r a c t e d  w i t h  Hazen & Sawyer t o  design and oversee the  cons t ruc t ion  o f  the  pro jec t .  
- 

I n  add i t i on  t o  the n ine  p ro jec ts  i n  the E I S  evaluat ion, there  are  several 

others t h a t  could have met p ro jec ted  demands. Rather than r e l y  on a s ing le ,  

l a r g e  p r o j e c t  b u i l t  a t  the  beginning o f  t he  p lanning period, t he  C i t y  o f  Durham 

could meet i t s  fo recas t  water needs by employing a sequence o f  smal ler  p ro jec ts ,  

thus de fe r r i ng  the  cons t ruc t ion  o f  a l a rge  r e s e r v o i r  o r  pipe1 i n e  f o r  many years. 

The advantage o f  such a s t ra tegy  i s  t h a t  the  c a p i t a l  i s  n o t  used now t o  b u i l d  

f a c i l i t i e s  which w i l l  n o t  be f u l l y  u t i l i z e d  u n t i l  some t ime fa r  i n  the  fu tu re .  

The present water users can thus avoid the  i n t e r e s t  and p r i n c i p a l  charges on 

borrowed c a p i t a l  f o r  many years. Moreover, the  r i s k  associated w i t h  the  demand 

fo recas ts  i s  reduced because more t ime i s  avai  lab1 e t o  rev i se  the  p r o j e c t  plans 

i f  demands prove t o  be lower o r  h igher  than expected. 

The th ree  p r i n c i p a l  disadvantages o f  t h i s  investment s t ra tegy  are: (1  ) 
t h a t  i n f l a t i o n  w i l l  make the  f a c i l i t i e s  more expensive i n  t h e  f u t u r e  i n  nominal 

(and perhaps r e a l )  do l l a rs ;  ( 2 )  there are economies o f  sca le  i n  most water supply 

p ro jec ts ,  which means t h a t  u n i t  costs fa11 as the t o t a l  capaci ty  increases, and 

thus, downsized p r o j e c t s  have h igher  average u n i t  costs; and (3)  water supply 

p ro jec ts  a re  o f t e n  pol i t i c a l  l y  very cont rovers ia l ,  and del ayiny an approved 

p r o j e c t  may en t a i l  increased 1 egal and admin i s t ra t i ve  costs, i nc lud ing  even new 

permi t t i n g  proceedings. 

Whether the  advantages o f  a p a r t i c u l a r  p lan f o r  d e f e r r i n g  c a p i t a l  expendi- 

tu res  outweigh the disadvantages i s  an empir i  ca l  question. Clear ly ,  some ba l -  

ance must be struck. Pro jec ts  are r a r e l y ,  i f  ever, b u i l  t t o  meet demands f a r  

i n t o  the  fu tu re ;  nor a re  p r o j e c t s  designed t o  meet nex t  summer's demand 

forecasts. However, when l a r g e  federal and s t a t e  grants were a v a i l a b l e  f o r  

cons t ruc t ion  o f  water supply and wastewater treatment p ro jec ts ,  there  was a very 

s t rong i ncen t i ve  t o  bui 1 d 1 arger  p r o j e c t s  sooner than was economical l y  j u s t i f i e d .  

Moreover, wa i t i ng  could prove d isastrous because grants might  n o t  be a v a i l a b l e  

i n  the fu tu re ,  and water users would then have t o  pay the  f u l l  costs themselves 

( a f t e r  a l ready c o n t r i b u t i n g  i n d i r e c t l y  t o  the  grants o f  others) .  As discussed 

i n  Chapter I ,  t h i s  era o f  l a r g e  federa l  and s t a t e  grants f o r  c a p i t a l  p ro jec ts  



has now passed, and the  s t r a tegy  o f  b u i l d i n g  now t o  capture g r a n t  monies i s  no 

l onge r  poss ib le .  

To ill u s t r a t e  t he  b e n e f i t s  o f  d e f e r r i n g  c a p i t a l  p ro j ec t s ,  seven a1 t e r n a t i v e  

sequences o f  p r o j e c t s  have been i d e n t i f i e d  (F igure  14),  a l l  o f  which meet the  

water  demands f o r  Durham f o r e c a s t  by t h e  T r i a n g l e  J COG, t h e  bas is  f o r  t he  EIS 

eval  uat ion.  Cons t ruc t ion  and O&M c o s t  est imates f o r  these seven a1 t e r n a t i v e  

p r o j e c t  sequences and f o r  t h e  L i t t l e  R iver  a t  Orange Fac to ry  r e s e r v o i r  p r o j e c t  

were developed us ing  t he  A n y  Corps o f  Engineers '  computer program, Methodology 

f o r  Areawide Planning Stud ies (MAPS). The purpose o f  MAPS i s  t o  p rov ide  an 

easy, f a s t ,  and re1  i a b l e  way o f  developing p r e l i m i n a r y  c o s t  est imates f o r  v a r i -  

ous components o f  r eg iona l  water supply a1 t e r n a t i v e s  such as rese rvo i r s ,  p ipe-  

1  ines, pump s ta t i ons ,  storage tanks, and w e l l  f i e l d s ,  as we1 1 as water and waste- 

water t reatment  f a c i l i t i e s  (Walski, 1980). MAPS i s  i n a p p r o p r i a t e  as a t o o l  f o r  

d e t a i l e d  design s tud ies  o r  s i t e - s p e c i f i c  problems. 

A1 though there  a r e  some d i f f e rences  i n  t h e  MAPS c o s t  est imates and the  

est imates i n  t he  EIS f o r  t h e  sane p ro jec t s ,  t h e  rank ing  o f  t h e  seven o r i g i n a l  

p r o j e c t s  by t h e  EIS and MAPS are  i d e n t i c a l .  Th i s  ana l ys i s  i s  based on t he  MAPS 

est imates because t he  EIS est imates a re  a v a i l a b l e  o n l y  f o r  t h e  o r i g i n a l  seven 

p ro jec t s ,  n o t  f o r  downsized vers ions o f  these p ro jec t s .  MAPS c o s t  est imates were 

used f o r  a1 1  p r o j e c t s  t o  c a l c u l a t e  t h e  p resen t  va lue o f  t h e  seven a1 t e r n a t i v e  

p r o j e c t  sequences presented i n  F igure  14, us ing  f o u r  percen t  r e a l  r a t e  o f  d iscoun t  

(approx imate ly  equ i va len t  t o  a  n i ne  percen t  i n t e r e s t  r a t e  and a  f i v e  percen t  r a t e  

o f  i n f l a t i o n ) .  

To s i m p l i f y  t he  p resen ta t ion ,  t he  MAPS c o s t  est imates have been indexed t o  

show o n l y  t h e  r e l a t i v e  magnitudes o f  t he  cos ts  o f  a l t e r n a t i v e  p r o j e c t  sequences. 

A1 1  have been referenced t o  a va lue o f  100 assigned t o  the c o s t  es t imate  f o r  t he  

L i t t l e  R i ve r  a t  Orange Fac to ry  r e s e r v o i r  p r o j e c t ;  a l l  o t h e r  c o s t  est imates are 

assigned values r e l a t i v e  t o  t h a t  basis.  

F igure  14 presents  t h e  assumed t i m i n g  and sca le  o f  t he  components o f  each 

o f  t h e  seven a1 t e r n a t i v e  p r o j e c t  sequences and t h e  o r i g i n a l  L i t t l e  R i ve r  a t  

Orange Fac to ry  r e s e r v o i r  p r o j e c t ,  as we1 1  as t h e i r  indexed p resen t  va lue o f  con- 

s t r u c t i o n  cos ts  and indexed 1983 annual opera t ion  and maintenance costs.  The 

a1 t e r n a t i v e  p r o j e c t  seqcences us ing  Butner Lake, Teer Quarry ,  and then e i t h e r  

Jordan Pipe1 i n e  o r  L i t t l e  R iver  r e s e r v o i r  a1 1  have subs tan t i a l  l y  lower  present  

va lue o f  cons t ruc t i on  cos ts  than b u i l d i n g  L i t t l e  R i ve r  r e s e r v o i r  i n  1983. The 

Butner Lake-Teer Q u a r r y - L i t t l e  R i ve r  r e s e r v o i r  (24  MGD) a c t u a l l y  has t h e  



Figure 14. A1 t e rna t i  ve Pro jec t  Sequences 

Timing, Scale, Indexed Present Value Cost and 1983 Annual Operation 
and Maintenance Costs 

Projected  
2 5 1 h 3 8 4 5 sa 

h'ater Uenund:  17 
( M G U )  

Indexed P re sen t  Value 1983 Indexed Annual Operation 
X I  t e rna t  ive  Construction cost E ~ ~ - ~ ~ ~ *  + and Maintenance Costs (1.e. i n  
I 'roject i n i t i a l  per iod)  
Srquences: 

L i t t l e  River Reservoir  . 

2 4  MCD 

Butner Lakc Tear Q u n r r y ,  Ll t t  l e  Rlvrr 
4.5 ? K O  8 . 5 ElGD R c s ~ r v u t r - 2 4  HGI) 

F a l l s  of t h e  Ncuse L ~ ~ t l e  River ,-I 
Pipe1 ine-18 NCD ReservoLr-24 ElGD 

F a l l s  of t h e  Nrusa Jordan Pipel  i n e  
Pipel ine-18 Fk;D 24 MCD 1 
Butiier Lake(-, Jordan PLyc.ll~ic~,I ILLIC River 

4.5 MCD 10 HCD Reservoir-11 HGD 
i 

Note: Lake Michie,  t he  ex 1 s t  Ing water supply tn I h t  lml ,  w i  11 r i ~ i l ~ p l y  
2 1  MGD in a l l  of t t ~ c s e  S P ~ I I ~ V I I : ~ ~ .  

* fo r  each sequence which i n c l u d e s  a r e s e r v o i r ,  land is purchassd i n  1983. 
+in  1983 d o l l a r s .  



add i t i ona l  advantage o f  meeting fo recas t  water demands' u n t i  1  2030. Thus, 

there  appear t o  be subs tant ia l  economic bene f i t s  from using the two small 

p ro jec ts  d i  smissed i n  the  EIS--Butner Lake and Teer Quarry-- to meet water 

demands un t i 1  2000 and de fe r r i ng  l a r g e r  c a p i t a l  p ro jec ts .  

Imp1 i c a t i o n s  o f  D i f f e r e n t  Financing A1 te rna t i ves  

The means selected t o  pay f o r  water investments have important  conse- 

quences f o r  the equ i tab le  d i s t r i b u t i o n  o f  the costs, the  opt imal t im ing  and 

scale o f  t he  investment, and the  e f f i c i e n t  use o f  the f a c i l i t i e s .  I f  g ran t  

monies are unavai lable, Durham has two basic  opt ions f o r  f inanc ing  new capa- 

c i t y :  (1 ) c a p i t a l  costs can be pa id  f o r  by water revenues o r  o ther  cur ren t  

income, o r  (2 )  bonds can be issued which must be p a i d  o f f  over a  s p e c i f i e d  

number o f  years. The f i r s t  op t i on  w i l l  r e s u l t  i n  the  l a r g e s t  i n i t i a l  r a t e  

increases because funds would be requ i red  t o  pay f o r  the p r o j e c t  "up-front."  

Current water users would thus subsidize f u t u r e  water users, which could 

lead t o  excessive water use i n  the f u t u r e  i f  water services are p r i c e d  below 

t h e i r  r e a l  marginal cost. 

These issues are examined by es t imat ing  the  impact o f  three d i f f e r e n t  

bonding arrangemen ts--constant nominal bond payments, constant rea l  bond pay- 

ments, and constant r e a l  per  cap i ta  bond payments--on the d i s t r i b u t i o n  o f  costs 

t o  e x i s t i n g  and f u t u r e  customers. The ana lys is  proceeds on the assumption t h a t  

the  C i t y  o f  Durham has the f l e x i b i l  i t y  t o  devise a  f inanc ing  package o f  bond 

issues t o  r e p l i c a t e  any o f  these three methods. For purposes o f  i l l u s t r a t i o n ,  

the fo l l ow ing  parameters have been speci f ied:  the  r e a l  r a t e  o f  d iscount  i s  

4 percent; i n f l a t i o n  i s  5 percent per  year; annual populat ion growth i s  3 per- 

cent; and p ro jec ts  are f inanced over a 25-year period. 

I n  Table 6 t he  consequences o f  the  L i t t l e  R iver  a t  Orange Factory reser-  

v o i r  p r o j e c t  are compared w i t h  the costs o f  the Butner Lake-Teer Quarry-Jordan 

p i p e l i n e  sequence i n  terms o f  increased annual operat ing costs and the  e s t i -  

mated percentage increase i n  the average cos t  o f  water due t o  the  p ro jec t ,  f o r  

the three f inanc ing  arrangements. No attempt has been made t o  d i s t r i b u t e  the  

increased annual operat ing cost  due t o  a  new p r o j e c t  t o  d i f f e r e n t  blocks of 

Durham's r a t e  s t ruc ture .  However, the  data on the percentage increase i n  the 

average cos t  o f  water due t o  the  p r o j e c t  does i n d i c a t e  the magnitude o f  the 

average p r i c e  increase which would be expected i f  a l l  the cost  increases were 

pa id  f o r  by h igher  water revenues. Table 6 i l l u s t r a t e s  t h a t  constant nominal 



Table 6. Impacts of Alternative Financing Arrangements 

Financing Method - 
Constant Nominal Bond Payments 
Real annual indexed costs in 1983 due 

to  new project* 
% increase in average cost of water in 

1983 due to project++ 
Real annual indexed costs in 2008 due 

to new project 
% increase in average cost of water in 

2008 due to project 
Decrease in quantity of water demanded 

due to increase in average cost of 
water in 2008** 

Cons tan t Real Bond Payments 
Real annual indexed costs in 1983 due 

to new project 
% increase in average cost of water in 

1983 due to project 
Real annual indexed costs in 2008 due 

to new project 
% increase in average cost of water in 

2008 due to project 
Decrease in quantity of water demanded 

due to increase in average cost of 
water in 2008 

Constant Real Per Capita Bond Payments 
-- - . -- - - - - - - -- - - 

Real annual indexed costs in 1983 due 
to new project 

% increase in average cost of water in 
1983 due to project 

Real annual indexed costs in 2008 due 
to new project 

% increase in average cost of water in 
2008 due to project 

Decrease in quantity of water demanded 
due to increase in average cost of 
water in 2008 

Li t t le  River a t  
Orange Factory 

Reservoi r 

1.4 MGD 

2.7 MGD 

3.5 MGD 

* In a l l  cases this  equals real annual bond payments plus 

Butner Lake/Teer 
Quarry/ Jordan Pipe- 

m c e  

1.7 MGD 

2.5 MGD 

2.9 MGD 

real annual operation 
and maintenance costs. These costs are indexed to the present value construc- 
tion cost of the Li t t le  River a t  Orange Factory Reservoir=100. 

++ Total operating costs of water supply are assumed t o  be proportional to volume. 
** Calculation assumes that total demand for water in 2008 i s  45 MGD and price 

e las t ic i ty  equals -0.5. 



bond payments would e n t a i l  r a t e  increases a t  the beginning o f  the per iod  over 

twice t h e  increase t h a t  would be requ i red  by constant r e a l  per  cap i ta  bond pay- 

ments. As the  end o f  the  f inanc ing  per iod  approaches, constant nominal bond 

payments have i n  r e a l  terms l a r g e l y  pa id  o f f  the loan, and the percentage 

increase i n  annual cos t  over present r e a l  operat ing costs due t o  e i t h e r  p r o j -  

e c t  decl ines. The advantage o f  the  constant r e a l  per  cap i ta  bond payments 

plan i s  that--assuming the  debt payments are r e f l e c t e d  i n  the  water rates-- the 

p r i ces  pa id  by f u t u r e  users more c lose l y  approximate t h e i r  " f a i r  share" o f  the  

costs o f  t he  pro jec t .  

The d i f f e r e n t  f inanc ing  arrangements w i l l  thus e n t a i l  d i f f e r e n t  p r o f i l e s  

of p r i c e  changes over t he  p lanning period. By the  year  2008 the  d i f f e r e n t  

magnitudes o f  p r i c e  changes may have s i g n i f i c a n t  e f f e c t s  on the  q u a n t i t y  o f  

water demanded. Assuming a long-run e l a s t i c i t y  o f  demand f o r  water w i t h  respect 

t o  p r i c e  o f  -. 5, the  constant r e a l  per cap i ta  bond payments plan may reduce the  

l e v e l  o f  water demand by as much as 3.8 MGD from the fo recas t  45 MGD, a  15 per- 

cent reduct ion. Water use i s  considerably h igher  a t  the end o f  the  pe r iod  

under the  constant  nominal bond payments plan. I f  t h i s  f i r s t - r o u n d  e f f e c t  o f  

p r i c e  on quan t i t y  demanded i s  s i g n i f i c a n t ,  i t  may requ i re  a r e v i s i o n  o f  t he  

s i ze  of the p ro jec t .  

Conclusions 

Clear ly ,  a  r e a l i s t i c  assessment o f  Durham's f u t u r e  water capaci ty  expan- 

s ion  problem woul d i n c l  ude numerous o the r  i ssues such as wastewater treatment 

needs and possi b l  e  i nterconnect ions w i t h  o ther  water sys tems i n  the  Tr iang le  

area. However, based on the ca l cu la t i ons  presented i n  t h i s  case study, two 

important  conclusions can be drawn. 

F i r s t ,  de fer r ing  l a r g e  c a p i t a l  p ro jec ts  can r e s u l t  i n  subs tant ia l  f inan-  

c i a l  savings, and smal ler,  less  expensive p r o j e c t s  should no t  be dismissed 

simply because they cannot supply enough water t o  meet a long-term forecast .  

Small p ro jec ts  can be sequenced w i t h  o ther  pro jects--both small and large-- 

i n  ways which should be considered. Pe rm i t t i ng  and l e g a l  procedures should be 

rev ised and s i m p l i f i e d  so t h a t  m u n i c i p a l i t i e s  can take advantage o f  t h i s  op t ion  

w i thou t  fear o f  l o s i n g  t h e i r  cons t ruc t ion  permi ts  o r  being c o n t i n u a l l y  

embroiled i n  p u b l i c  controversy over the  l o c a t i o n  o f  a r e s e r v o i r  o r  p ipe l i ne .  

Second, f inanc ing  packages should be used which more c lose l y  approximate 

the  constant r e a l  per cap i ta  bond payments plan. This f inanc ing  arrangement 



i s  more equitable because present users do not have to bear a l l  the costs for sys- 
tems also enjoyed by future users. I t  i s  more eff icient  because both present and 
future users pay prices for water more closely related to the real costs of pro- 
v i d i n g  water; and thus, they have an incentive to use water more rationally. 

OWASA ' s Capi tal  Improvement Program 

A1 though some management options may appear to be at t ract ive on the basis of 

minimizing cost and enhancing equity, as in the Durham case, a l l  investments and 
strategies should be evaluated w i t h  respect to their impacts on cash flow of the 
u t i l i t y  and on consumer prices. In a second case study, that of the capital 
improvement program for the Orange Water and Sewer Authority, a 1 inear program- 
ming model i s  constructed for th is  purpose. Solutions to the model generate a 
se t  of consumer prices necessary to cover the operating and capital costs for 
the Authority over a &year time horizon. The model i s  then used to evaluate 
the effects o f  grant reductions, deferrals of selected projects, and a1 ternative 
financing on prices and the present value of financial obligations of the u t i l i t y  
and i t s  consumers. 

Other similar methods have been developed over the past several years, b u t  

none i s  directly applicable to  the problem a t  hand. They include models for 
capital budgeting, models for  the determination of optimal t i m i n g  and scales for 
capacity expansions, and models for optimal pricing pol icies. Good reviews of 
the capital budgeting 1 iterature are presented in two recent texts by Clark, 
Hindelang, and Pritchard (1979) and Wilkes (1  977). The principal 1 imitation of 
these models for public decision making, especial ly when applied t o  local water 
and sewer programs, i s  the lack of operational measures of preference that can 
be assigned t o  discrete projects in the capi tal improvement package. Minimiza- 
tion of cost i s  an insufficient criterion because i t  ignores the benefits that 
may be foregone by delaying projects. The estimation o f  benefits, as d i f f i cu l t  
as that  task i s  w i t h  large-scale independent projects, becomes meaning1 ess with 
the h i g h  1 eve1 of interdependencies among pipe1 ines, storage tanks, treatment 
plants and other projects normal ly found in 1 ocal capital improvement programs 
for water and sewer agencies. A second group of related models address the prob- 

lem of determining the optimal timing and scale for capacity expansions for capi- 
tal projects. Freidenfelds (1981 ) has a comprehensive review of those models in 
his recent book. A large number o f  relatively simple models have been developed 
for a variety of problem settings, b u t  the more complex models that address 
mu1 t ip le  interdependent projects encounter substantial computational problems. 



Furthermore, the  more complex models do n o t  i n c l u d e  f i n a n c i n g  aspects o f  t he  

problem. They are l i m i t e d  t o  cos t  m in im iza t ion .  There a re  a t  l e a s t  two rea- 

sons why the l a r g e  and d iverse  body o f  l i t e r a t u r e  on p r i c i n g  models i s  n o t  d i r e c t l y  

a p p l i c a b l e  t o  the  p resen t  problem. F i r s t ,  t h e  p r i n c i p a l  o b j e c t i v e  o f  t h i s  

i n v e s t i g a t i o n  i s  n o t  t o  determine op t ima l  p r i c i n g  pol  i c i e s .  Instead, the  p r i -  

mary purpose o f  t h i s  research i s  t o  determine, under a  v a r i e t y  o f  p r i c i n g  

s t r u c t u r e s  t h a t  are used i n  p r a c t i c e ,  t he  e f f e c t s  o f  i n f l a t i o n ,  growth, cos t s  

o f  f i nanc ing ,  and reduc t i on  of g r a n t  suppor t  on the  costs  t o  l o c a l  supp l i e r s  of 

water and sewer services. Also, most o f  the  p r i c i n g  models are mute on t h e  

ques t ion  o f  f i n a n c i n g  arrangements ?nd revenues, a rgu ing  t h a t  revenues and 

cos ts  can be balanced through one o f  severa l  forms o f  f i n a n c i n g  schemes o r  

subs id ies.  

I n  severa l  ways, t he  quest ions posed i n  t h i s  a n a l y s i s  are much s imp le r  

than those addressed by the  models descr ibed i n  t h e  preceding paragraph. The 

quest ion here i s :  what combination of p r i c e s  and bond issues ove r  a  g iven 

p lann ing  hor i zon  w i l l  l e a d  t o  t he  minimum present  va lue o f  revenues p a i d  by 

customers o f  t h e  system w h i l e  s a t i s f y i n g  the  cash f l o w  requirements o f  l o c a l  

government? Those requirements are determined exogenous t o  t h e  m in im iza t i on  

problem through: ( 1 )  a  fo recas t  of water consumption and r e l a t e d  waste genera- 

t i o n ;  ( 2 )  a r e l a t e d  fo recas t  of ope ra t i ng  and replacement costs;  ( 3 )  a  g iven  

schedule o f  c a p i t a l  improvements; and ( 4 )  a  g iven r a t e  s t r u c t u r e .  

The model does n o t  e x p l i c i t l y  account f o r  feedback r e l a t i o n s h i p s  between 

t h e  p r i c e s  t h a t  a re  c a l c u l a t e d  by t h e  model and t he  exogenously s p e c i f i e d  

inpu ts .  Some o f  those r e l a t i o n s h i p s  may be impor tant .  For  example, t he  f o re -  

c a s t  o f  water  consumption may be a l t e r e d  by t h e  p r i c e s  t h a t  a re  necessary t o  

cover t he  c o s t  o f  supp ly ing  those amounts. S p e c i f i c a l l y ,  i f  r e a l  p r i c e s  gen- 

e ra ted  by t h e  mode 1 a re  s i g n i  f i c a n  t l y  d i f f e r e n t  f rom those f o r  consumption 

r a t e s  on which t h e  forecasts  a re  based, e f f e c t s  o f  p r i c e  e l a s t i c i t y  cou ld  change 

t h e  f o recas t s  by n o n - t r i v i a l  amounts. Another change may be necessary i n  the  

c a p i t a l  improvement program. I f  the  revenues r e q u i r e d  t o  cover the  costs  o f  

t h e  program as i n i t i a l l y  s p e c i f i e d  are unacceptably high, then i t  may be neces- 

sary  o r  d e s i r a b l e  t o  modi fy  the  program. A l l  p r o j e c t s  i n  the i n i t i a l  schedule 

a re  n o t  l i k e l y  t o  be b u i l t  regard less  o f  t h e i r  impacts on consumer ra tes .  What 

these interdependencies between i n p u t  s p e c i f i c a t i o n s  and ou tpu t  p r i c e s  imp l y  

i s  t h a t  the  ana l ys i s  may have t o  be c a r r i e d  o u t  i t e r a t i v e l y  u n t i l  an acceptable 

combinat ion o f  i n p u t  requirements and ou tpu t  p r i c e s  i s  found. More complex 



models might  be constructed t o  incorporate some o f  these i n t e r a c t i o n s  i n t e r n a l l y ,  

bu t  the  model suggested here uses a we1 1 -known computational algori thm. 

The ana lys is  should i n c l  ude a l l  important  categor ies o f  expenditures, 

i n c l u d i n g  those fo r  operation, maintenance, and rep1 acement as we l l  as c a p i t a l  

investments i n  new pro jects.  I t  should a l so  cover a1 1 important  sources o f  

revenues i nc lud ing  charges t o  customers, i n t e r e s t  on investments, bond issues, 

and grants. 

To be useful fo r  p lanning and decis ion making, the  ana lys is  must extend over 

a pe r iod  of t ime of s u f f i c i e n t  l eng th  t o  assess the e f fec ts  of cu r ren t  decis ions 

on the future flow o f  revenues and costs. A t  a minimum i t  should extend over a 

mid-range p lanning horizon; say, 10 t o  15 years. While the  choice o f  a p a r t i c u -  

l a r  t ime horizon i s  sub jec t  t o  some d i sc re t i on ,  mid-range i n t e r v a l  i s  c lose t o  

the minimum t ime pe r iod  necessary t o  evaluate the e f f e c t s  o f  m i t i g a t i o n  measures, 

espec ia l l y  those i n v o l  v i  ng deferra l  s of e i t h e r  c a p i t a l  investments o r  t he  debt 

serv ice  on these expenditures. 

For convenience, t h e  cash f l ow  ana lys is  can be d i v ided  i n t o  two funds, a 

general fund and a c a p i t a l  fund. The fundamental accounting equat ion f o r  the  

general fund i n  the i t h  year o f  the  t ime horizon can be w r i t t e n :  

where : 

the subscr ip t  i re fe rs  t o  the  i t h  year  o f  the t ime horizon, 

i = l , 2 , 3  ,... , n ;  

BG = balance i n  the general fund a t  the  end o f  the  year; 

IG = i n t e r e s t  earned on the balance i n  the  genera1 fund inves ted  i n  

short- term opportuni t i e s  ; 

RV = revenue from customer sales and services; 

OC = opera t ing  costs; 

RC = annual expenditures f o r  the  replacement o f  equipment and 

f a c i l  i t i e s ;  

C C  = payments made i n t o  the  c a p i t a l  fund. 

For the  c a p i t a l  fund the equat ion i s  as fo l lows:  



where: 

BC = balance i n  c a p i t a l  fund a t  the end o f  the  year; 

I C  = i n t e r e s t  earned on the balance i n  t he  c a p i t a l  fund invested i n  

short- term oppor tun i t ies ;  

BR = revenues from bond issues; 

CG = c a p i t a l  grants received; 

C I  = c a p i t a l  investments made dur ing  the year as s p e c i f i e d  i n  the  

c a p i t a l  improvements schedule; and 

DS = debt serv ice.  

These equations do not  e x p l i c i t l y  account f o r  depreciat ion o f  c a p i t a l  

assets. However, t h a t  cos t  i s  accounted fo r  i n d i r e c t l y  by two t e n s  i n  the  

equat ion fo r  the general fund. That equation contains one term f o r  the replace- 

ment of worn-out o r  obsolete equipment and f a c i l i t i e s  and a second f o r  payments 

i n t o  the  c a p i t a l  fund. Funds from t h a t  account are used t o  pay fo r  c a p i t a l  

p ro jec ts  t h a t  inc lude both replacements and expansions. I f  the  general fund 

and the  c a p i t a l  fund are proper ly  balanced over a s u f f i c i e n t l y  long-t ime h o r i -  

zon, the combination of replacement costs and con t r i bu t i ons  t o  the  c a p i t a l  

account should be s u f f i c i e n t  t o  cover depreciat ion.  O f  course, good accounting 

p rac t i ce  would i n c l  ude f i x e d  asset accounts t h a t  i n c l  ude depreciat ion.  I f  

replacement costs and con t r i bu t i ons  t o  the c a p i t a l  fund are no t  s u f f i c i e n t  t o  

cover depreciat ion,  then con t r i bu t i ons  t o  the c a p i t a l  fund can be adjusted. 

The case chosen here i s  t h e  c a p i t a l  improvement program o f  t he  Orange Water and 

Sewer Authori  ty, which serves the Chapel H i  11 -Carrboro area. OWASA was chosen 

fo r  several reasons, the most important  o f  which i s  r e a d i l y  a v a i l a b l e  data and 

a recen t l y  developed c a p i t a l  -improvements program. From the  Environmental 

Impact Statements (U. S. Army Corps o f  Engineers, 1981; N. C. Dept. of  NRCD, 

1982) on i t s  proposed Cane Creek rese rvo i r ,  the  f u t u r e  needs o f  the Au tho r i t y  

are f u l l y  documented; and as a separate agency o f  government, i t s  annual repo r t s  

conta in a r a t h e r  complete s e t  o f  operat ing costs and c a p i t a l  investments. OWASA 

has a l so  r e c e n t l y  completed a d r a f t  o f  a 15-year c a p i t a l  improvements program 

(OWASA, August 1983). The Au tho r i t y  serves approximately 55,000 persons, w i t h  

customers d i v ided  i n t o  two classes; namely, r e s i d e n t i a l  and non- res ident ia l  

(comnercial and i n s t i t u t i o n a l )  . Demands f o r  water on the system averaged 5.96 

MGD i n  1981-82, and the average load on the  waste treatment p l a n t  was 5.05 MGD 

dur ing t h a t  period. Growth i n  t h i s  serv ice  area i s  between 2.5 and 3.0 percent  

per year. 



Calibration of the Model 

Further details of the model are specific to i t s  application. The plan- 
ning horizon selected for this  analysis covers the 15-year period July 1 ,  1979, 
through June 30, 1994. That period was selected to cover the construction of 
a major expansion and upgrading of the waste treatment plant begun in 1979 and 
to include the construction of the Cane Creek reservoir, for  which 1 and acquisi- 
tion and construction are scheduled for the period 1983-1989. Those projects 
and others, including expansion of the water treatment plant and the develop- 
ment of sludge handling fac i l i t i e s  for that fac i l i ty ,  construction of a new 
administration building, and investments i n  the water distribution and waste 
collection sys tem, represent an ambitious capital investment program of over 
$40 million, a rather substantial program for a system of th is  size. Details 
of actual expenditures and that portion of the capital improvement program from 
FY 1984 through FY 1994 are given i n  Table 7. Values in that  table for 1984 
and beyond are stated in real dollars. 

For this  analysis the base year for water consumption, waste flows, and 
operating costs i s  taken to be FY 1982. Growth rates for the number of custo- 
mers and their  average consumption rates are consistent w i t h  population growth 
rates and recent trends experienced by the Authority. Other flows necessary 
for the estimating of revenues and costs can be obtained from those forecasts 
as simple multiples of water consumption under the assumption that  the ratios 
of those flows to water consumption will remain constant over the planning 
horizon. More specifically,  i t  i s  assumed that  the ratios of water treated, 
waste flows billed, and waste treated to the amount of water sold remain con- 
stant. Values for those ratios are given in Table 8. 

Operating costs for each of the water and sewer services can be forecast 
by the following components: 

1, personnel costs 
2.  chemical costs 
3, u t i l i t y  costs 
4. other direct costs 
5. costs for administration and customer records and coil ections 

Values for these costs in 1982 and their  assumed inflation rates are shown in 
Table 8. These costs were developed from OWASA's 1982 annual report, and the 
inflation rates are consistent w i t h  the trends discussed in Chapter I .  Values 
prior to 1982 were estimated by deflating the costs a t  the stated rates and 



Table 7: Cap i ta l  Expenditures fo r  the Orange Water and Sewer 
~ u t h o r i  ty : '  Actual 1980-1982; proposed 1983-1 994 

Water 

Supply 
Pump/Trans 
Treatment 
Pumpi ng 
Storage 
D i s t r i b u t i o n  

Sewer 

Col 1 ec t i on  
Pumping 
Treatment 

Admin. Bldg. 

To ta l  

Grants 

Net 

Water 

Supply 
Pump/Tran s 
Treatment 
Pumping 
Storage 
D i s t r i b u t i o n  

Sewer I 
Col 1 ec t i on  
Pumping 
Treatment 

Admin. Bldg. I 
Tota l  

Grants 

Net 



Table 8. Parameters for Projection of Consumption and Operating Costs. 

Consumption and Generation 
No. of Customers: Class I 

Class I1 
Ave. Use Per Customer: Class I 

Class I1 
Sewer Customers/Water Cus tomers 

Water TreatedIWater Sold 
Waste Bi 11 ed/Water Sold 
Waste Trea ted/Water Sol d 

Cost 
Personnel 

Chemicals - Water 
Sewer 

Ut i l i t ies  - Water 
Sewer 

Other - Water 
Sewer 

Overhead 

Base 
Year 

Values 

9650 
2 70 
32 5 

0 
-78 

1.13 
-86 

1.24 

.go78 

.OX 7 

.0558 

,103 
.0830 
.0854 
-0830 
.7028 

Growth 

1.0 1 gal/ customerlday 
1.0 gal /customer/day 

$ mill ions 
$/I000 gal treated 
$/I000 gal treated 
$/I000 gal treated 
$/I000 gal treated 
$/I000 gal treated 
$/I000 gal treated 
$ mill ions 

mu1 tiplying by appropriate flow rates,  and values beyond 1982 were obtained by 
inflating 1982 costs a t  those rates and multiplying by appropriate projected 
flows. Existing debt service for OWASA i s  $700,000 per year, and that will 
remain constant throughout the planning horizon. In addition, OWASA was spend- 

i n g  approximately $400,000 per year in 1982 for replacement costs, and for the 
purposes of this analysis, that value as well as the capital expenditures in 
Table 7, i s  inflated a t  the annual rate of five percent. Thus, the total cost for 

operating the system, paying the exi sting debt service, and paying for replace- 

ment can be projected as shown in Table 9. 

OWASA's rate  structure for both water and sewer service consists of two 

parts: ( 1 )  a fixed monthly charge for bi l l ing,  record keeping, and maintenance; 
and ( 2 )  a f l a t  rate commodity charge stated in dollars per thousand gallons (or 
any fraction thereof) consumed. For those customers that receive sewer service 
in addition to water service, the rate of sewage flow i s  taken to be 90 percent 

of water sold. Thus, revenues generated from these services i s  given by: 



Table 9. Flows, Costs, and Revenue C o e f f i c i e n t s  1980-1994 

Year 

Water Operat ing 
Treated 1 Cost 

MGD $ M i  11 ions  

Cap i t a l  To ta l  
Cost F ixed  Revenue 

s ~ i ~ l i o n r  I cosv I C o e f f i c i e n t  

*Fixed c o s t  = ope ra t i ng  c o s t  + c a p i t a l  c o s t  + c u r r e n t  debt  se rv i ce  

+ annual replacement expendi tures 

where fijk i s  the f i x e d  charge f o r  water o r  sewer i n  year  i f o r  customer c l ass  

j, cijk i s  the  corresponding commodity charge, and k= l  i m p l i e s  water se rv i ce  

and k=2 i m p l i e s  sewer serv ice ,  I f  t h e  r a t i o s  o f  these p r i c e s  r e l a t i v e  t o  the  

r e s i d e n t i a l  commodity r a t e  a re  ass-med t o  be cons tan t  over  t he  p lann ing  hor izon,  

then annual revenues are g iven by: 

RVi = Ki p i  

2 2 
Q. .  ), pi i s  the  r e s i d e n t i a l  commodity where ki = 1 ( f q j k  nijk + c i j k  lJk 

j = 1  k= l  



change i n  year  i, and f"s and c' ls are the r a t i o s  o f  the respect ive p r i ces  t o  

the r e s i d e n t i a l  corimodity ra te .  Values o f  these p r i c e  c o e f f i c i e n t s  over the  

t ime horizon are shown i n  Table 9. 

I n  t h i s  analys is  i t  i s  assumed t h a t  p r i ces  w i l l  n o t  be changed every year; 

they can be changed once every three years. Furthermore, i t  i s  assumed t h a t  

bonds would be issued on l y  once every three years. Thus, the  problem requ i res  
the determinat ion o f  p r i ces  and bond issues f o r  each o f  f i v e  three-year periods. 

Bond payments requ i red  i n  each year are given by: 

where CRi - i s  t he  cos t  recovery fac tor  f o r  a payment due i n  yea r  i for  a bond 

issued i n  year  j. 

Other cons t ra in t s  must be added t o  prevent  the  model from generat ing 

unstable streams of p r i ces  and from generat ing bond issues t h a t  would v i o l a t e  

a r b i t r a g e  regulat ions.  S t a b i l i t y  i n  p r i ces  can be c o n t r o l l e d  by spec i f y i ng  

t h a t  p r i ces  be non-decl i n i n g  and t h a t  p r i c e  i ncreases over successive three-year 

i n t e r v a l s  be w i t h i n  s p e c i f i e d  tolerances. These cons t ra in t s  take the  form: 

P i  
> 

Pi-1 f o r  j = 1,2,3,4,5 

and Pi < ( l + r p )  pi-l f o r  j=1 ,2,3,4,5 

where r i s  the maximum f r a c t i o n a l  change permi t ted  from one t ime i n t e r v a l  t o  
P 

the  next. Arb i t rage can be prevented by 1 i m i t i n g  bond issues t o  the l e v e l  o f  

expenditures s p e c i f i e d  i n  t he  c a p i t a l  improvement program fo r  the three-year 

i n t e r v a l  i n  which the  bond i s  t o  be issued. That i s ,  

BRi < C I i  + CIi+l + C I  i +2 fo r  i = 1,4,7,10,13. 

Eva1 u a t i  on o f  A1 te rna t i ves  

I n  i t s  present form the l i n e a r  programming model can be used t o  f i n d  a se t  

of p r i ces  and a s e t  o f  bond issues t h a t  w i l l  minimize a weighted sum o f  those 

p r i c e s  wh i l e  s a t i s f y i n g  the  fo l l ow ing  cons t ra in ts :  



1. The general  fund and c a p i t a l  fund equat ions w i l l  be s a t i s f i e d .  

2. Minimum reserve requirements w i l l  be s a t i s f i e d .  

3. P r i ces  w i l l  be cons t ra ined  t o  be non-decl in ing, and percentage 

increases f rom one p e r i o d  t o  t he  n e x t  w i l l  be l e s s  than a spec i -  

f i e d  l i m i t .  

4. Bond issues w i l l  be cons t ra ined  t o  p reven t  v i o l a t i o n  o f  a r b i t r a g e  

regu la t i ons .  

So lu t i ons  generated by t h e  model w i l l  be s p e c i f i c  t o  t h e  c a p i t a l  improvement 

program t h a t  i s  g iven as i n p u t  and t o  the  s e t  o f  cost - recovery f a c t o r s  t h a t  a re  

dependent upon: (a )  t he  l onges t  t ime t o  m a t u r i t y  i n  t h e  bond ser ies;  (b)  the  

d iscoun t  r a t e  f o r  t h e  bonds; and ( c )  the  choice o f  types o f  bonds. Thus, by 

s o l v i n g  the 1 i nea r  p r o g r a m i n g  problem f o r  a1 t e r n a t i v e  s p e c i f i c a t i o n s  o f  t h e  

c a p i t a l  improvement program and a1 t e r n a t i v e  types o f  bonds, t h e  impacts o f  

these a l t e r n a t i v e s  on consumer p r i c e s  can be est imated. The s e t  o f  i n d i c a t o r s  

of these impacts t h a t  i s  generated by t he  s o l u t i o n  i s  t h e  t ime stream o f  p r i c e s  

t h a t  r e s u l t s  from a g iven c a p i t a l  improvement program and repayment s t ra tegy .  

D i f f e rences  among the  a l t e r n a t i v e s  a re  thus i n d i c a t e d  by d i f f e rences  i n  t h e  

t ime streams o f  p r i ces .  A supplementary i n d i c a t o r  t h a t  i s  a l s o  u s e f u l  i n  

assessing impacts o f  a l t e r n a t i v e s  i s  t h e  p resen t  va lue o f  t he  t ime stream o f  

f i n a n c i a l  o b l  i g a t i o n s  i n c u r r e d  by t h e  A u t h o r i t y  and i t s  customers. That i n d i -  

c a t o r  i s  t he  present  va lue o f  revenues p lus  t h e  p resen t  value o f  ou ts tand ing  

debt  a t  t he  end o f  t he  t ime hor izon  and i s  g iven by the  f o l l ow ing :  

For convenience, t h a t  i n d i c a t o r  i s  r e f e r r e d  t o  subsequently as t he  p resen t  va lue 

o f  f i n a n c i a l  ob l  i ga t i ons .  

Evaluat ions o f  a l l  t he  a l t e r n a t i v e s  i n  t h i s  a n a l y s i s  a re  based on a bond 

p e r i o d  o f  25 years and t h e  d iscoun t  r a t e  i s  s e t  a t  8.0 percent.  Oppo r tun i t i es  

f o r  re investment  o f  balances on hand a re  s e t  a t  10.0 percen t  per  year,  and t h e  

p resen t  va lue of f i n a n c i a l  o b l i g a t i o n s  i s  eva luated a t  a  d iscoun t  r a t e  o f  8.0 

percent.  Reserve requirements f o r  any g iven year  a re  s e t  a t  120 percen t  o f  

bond payments r e q u i r e d  du r i ng  the  f o l l o w i n g  year. A1 though OWASA has b u i l t  up 

reserve  funds as the  Cane Creek p r o j e c t  has been delayed, t h e  e f f e c t s  o f  t h a t  

i n i t i a l  balance has been e l im ina ted  by s e t t i n g  the i n i t i a l  balance i n  t h i s  

a n a l y s i s  a t  120 percen t  o f  t he  e x i s t i n g  debt se rv ice .  Also, OWASA's r a t e s  were 



r a i s e d  i n  a n t i c i p a t i o n  o f  t h a t  p r o j e c t .  E f f e c t s  o f  t h a t  i n i t i a l  c o n d i t i o n  

have been e l im ina ted  by s e t t i n g  the  i n i t i a l  r a t e  a t  t h a t  va lue  where revenues 

would j u s t  equal expenditures. That va lue i s  $1.00, de r i ved  by d i v i d i n g  t he  
sum of opera t ing ,  replacement, and debt  se rv i ce  cos ts  by t h e  revenue c o e f f -  

c i e n t  f o r  t h e  base year  i n  Table 10. 

Table 10. So lu t i ons  t o  the  Revenue Model 

Cases 

1. No Grants 
Convent ional  

bond a t  10% 

2. With Grants 
Conventional 

bonds a t  10% 

3. Wi th  Grants 
Zero coupon 

bonds a t  
7.5 -+ 17.5% 
4% growth i n  
deb t  s e r v i  ce 

4. Wi th  Grants 
Stepped bonds 

a t  7.5 -+ 17.5% 

5. Wi th  Grants 
Convent ional  

bonds a t  10% 
Deferred 
P ro jec t s  

Per iod  

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

P r i ces  

1.256 
1.583 
1 .994 
2.513 
2.796 

7.106 
1.394 
1.756 
2.213 
2.568 

1 . l o7  
1.395 
1.757 
2.214 
2.738 

1 . I04 
1.391 
1.752 
2.208 
2.561 

1 .OO 
1 -244 
1 A 6 7  
1.975 
2.488 

PV o f  Outstanding Debt = 6,99 - 
PV o f  Revenues 

T o t a l  
F i n a l  deb t  s e r v i c e  
TIC 

PV 
PV 

To ta l  
F i n a l  deb t  serv 
TIC 

PV 
PV 

To ta l  
F i n a l  deb t  serv 
TIC 

PV 
PV 

To ta l  
F i n a l  deb t  se rv i ce  

PV 
PV 

T o t a l  
F i n a l  deb t  s e r v i c e  
TIC 

E f f e c t s  o f  Grant  Reductions. The f i r s t  impact t h a t  i s  eva lua ted  w i t h  t h e  

model i s  t he  e f f e c t  o f  reduc ing Federal  and S ta te  g ran t s  f o r  waste treatment.  

That e f f e c t  i s  es t imated  by s o l v i n g  t h e  problem us ing  t he  c a p i t a l  improvement 

program shown i n  Table 10 w i t h  and w i t h o u t  t h e  grants .  Here, t he  o n l y  g ran t s  

t h a t  a re  cons idered a re  those a c t u a l l y  awarded t o  OWASA over  t he  p e r i o d  1979- 

1983; t he  a n a l y s i s  does n o t  i nc l ude  any g ran t s  t h a t  may be a v a i l a b l e  t o  suppor t  

the p r o j e c t s  scheduled f o r  t h e  n e x t  10 years.  Both cases are eva lua ted  w i t h  

the use o f  annu i t y  s e r i a l  bonds. 

60 



Resul ts  o f  these s o l u t i o n s  a re  shown i n  Table 10. So lu t i ons  t o  t h e  l i n e a r  

programming problem were i n f e a s i b l e  when l i m i t s  on p r i c e  increases were s e t  a t  

7.0 percen t  per  annum; they were f e a s i b l e  a t  l i m i t s  8.0 percen t  pe r  annum, and 

t h a t  i s  t he  1 i r n i t  used f o r  a l l  eva lua t ions  i n  t h i s  study. P r i ces  f o r  t h e  case 

w i t h o u t  g r a n t  suppor t  a re  13.6 percen t  h i ghe r  than p r i c e s  w i t h  g r a n t  suppor t  i n  

t he  f i r s t  f o u r  t ime i n t e r v a l s ;  t h a t  d i f f e r e n c e  dropped t o  8.9 percen t  i n  t he  

f i f t h  per iod. A s i m i l a r  d i f f e r e n c e  i s  seen i n  t he  p resen t  va lue o f  f i n a n c i a l  

ob l  i g a t i o n s  w i t h  and w i t h o u t  t h e  grants.  Wi th  grants ,  f i n a n c i a l  o b l i g a t i o n s  

a re  17.4 percen t  l e s s  than w i t h o u t  t he  grants.  

Th is  r e s u l t  i s  comparable t o  t h e  impact es t imated  i n  Chapter 11. From t h e  

ana l ys i s  o f  s ta tewide revenues and expendi tures f o r  water  and sewer serv ices,  

i t  was est imated t h a t  t o t a l  revenues would have t o  be increased by 27 percen t  

t o  o f f s e t  t he  l o s s  o f  Federal and S ta te  grants .  

A1 t e r n a t i v e  Methods o f  Financing. A second e f f e c t  t h a t  was eva lua ted  w i t h  

t he  tilode1 i s  t h e  d i f f e r e n c e  i n  p r i c e s  and p resen t  va lue of f i n a n c i a l  o b l i g a t i o n s  

t h a t  r e s u l t  when c r e a t i v e  f i n a n c i n g  methods a re  used as an a1 t e r n a t i v e  t o  con- 

ven t i o n a l  bonds. D i f fe rences  were eva l  uated w i t h  t he  c a p i t a l  improvement pro-  

gram shown i n  Table 10  w i t h  t he  h i s t o r i c a l  p a t t e r n  o f  g r a n t  support. Compari- 

sons were made w i t h  zero coupon bonds and stepped bonds. I n  both cases t h e  

1 i t e r a t u r e  suggests t h a t  these bonds may s e l l  f o r  two t o  t h ree  p o i n t s  below 

convent ional  bonds. Thus, s i nce  convent ional  bonds were s e t  a t  1 0  pe rcen t  i n  

t h i s  case, y i e l d s  i n  the f i r s t  year  o f  m a t u r i t y  f o r  these bonds were s e t  a t  a  

r ep resen ta t i ve  value o f  7.5 percent.  Then, y i e l d s  were a l lowed t o  increase a t  

a  cons tan t  r a t e  throughout  the range o f  m a t u r i t y ,  reaching a f i n a l  year  r a t e  

o f  17.5 percent.  Debt s e r v i c e  f o r  each i ssue  o f  t he  zero coupon bonds was 

a l lowed t o  increase a t  a  r a t e  o f  f o u r  percen t  per  year.  

Resul ts  o f  these c a l c u l a t i o n s  a re  a l s o  shown i n  Table 10. There, i t  may 

be noted t h a t  a t  the  assigned r a t e s  there  i s  o n l y  a  smal l  e f f e c t  o f  a l t e r n a t i v e  

methods on p r i ces .  For t h e  case of zero coupon bonds there  i s  a  smal l  i nc rease  

i n  the p r i c e  i n  the  f i f t h  p e r i o d  and a smal l  i nc rease  i n  the  p resen t  va lue o f  

f i n a n c i a l  o b l i g a t i o n s .  Wi th  t he  annual increase i n  debt  se rv i ce  f o r  each issue 

of these bonds, t h e r e  i s  a  movement toward g rea te r  e q u i t y  between p resen t  and 

f u t u r e  customers, b u t  t h a t  e q u i t y  i s  purchased a t  t h e  d i f f e rence  i n  c o s t  shown 

i n  the  tab le .  

Stepped bonds, as s t r u c t u r e d  i n  t h i s  eva lua t ion ,  have p r a c t i c a l l y  t h e  same 

e f f e c t s  on p r i c e s  as convent ional  bonds a t  a  1 0  percen t  i n t e r e s t  r a te .  



Defer ra l  of Capi ta l  Expenditures. A t h i r d  s e t  o f  opt ions t h a t  can be 

evaluated w i t h  the  cash f l ow  model i s  the e f f e c t  o f  programs t h a t  de fer  c a p i t a l  

expenditures, such as those f o r  load management, conservation, regional  i n  tegra- 

t ion ,  and leas ing  o f  space. . I n  the  contex t  of OWASA's c a p i t a l  improvement 

program there are several p o s s i b i l i t i e s :  (1 )  the new water supply could be 

delayed f o r  several years i f  nearby c i t i e s  were t o  s ign cooperat ive agreements; 

(2 )  expansion of the  water treatment p l a n t  could be deferred through a l o a d  

management program t h a t  reduced peak loads, the most obvious p o s s i b i l i t y  being 

the use of an odd-even lawn s p r i n k l  i ng  st rategy;  and (3)  the new adminis t ra-  

t i o n  b u i l d i n g  could be deferred o r  e l im ina ted  e i t h e r  by accept ing the  present  

bu t  inadequate f a c i l i t i e s  o r  by leas ing  space elsewhere. I f  e i t h e r  op t i on  (1)  

o r  (3 )  i s  t o  be used, the costs o f  purchasing those goods and serv ices from 

a1 te rna te  sources would have t o  be compared w i t h  the savings t h a t  accrue t o  the  

A u t h o r i t y  from de fe r r i ng  c a p i t a l  investments and r e l a t e d  opera t ing  costs. 

Without e labora t ing  on the d e t a i l s  o f  how each o f  these ac t ions  would be 

accomplished, the e f f e c t s  are evaluated under the  assumption t h a t  t he  water 

supply cou ld  be delayed f i v e  years, expansion o f  t he  water t reatment  p l a n t  cou ld  

be delayed f o r  f i v e  years, and cons t ruc t ion  o f  the  admin i s t ra t i on  b u i l d i n g  cou ld  

be defer red  i n d e f i n i t e l y .  More than 40 percent  o f  the  t o t a l  c a p i t a l  improvement 

program i s  a f f e c t e d  by these three pro jec ts .  The modi f ied  t ime stream o f  cap i -  

t a l  improvements can be r e a d i l y  determined from Table 7. 

Analysis o f  t he  e f f e c t  o f  these de fe r ra l s  was made w i t h  the given pa t te rn  

o f  grant  support. Pr ices i n  t h i s  case are cons i s ten t l y  8.9 percent l ess  than 

i n  the  o r i g i n a l  c a p i t a l  improvement program. When measured by the present 

value o f  f i n a n c i a l  ob l iga t ions ,  these d e f e r r a l s  a l so  r e s u l t  i n  a cos t  reduct ion 

o f  8.9 percent. 



Chapter V 

FINDINGS AND RECOMMENDATIONS 

The bas is  f o r  f i n d i n g s  and recommendations t h a t  f o l l o w  f rom t h i s  study 

are based on severa l  sources, i n c l  u d i  ng: ( 1  ) a  survey o f  revenues and ex- 

pend i tu res  f o r  water and sewer serv ices  i n  41 c i t i e s  i n  Nor th  Ca ro l i na  i n  

F i s c a l  Year 1982; ( 2 )  an examinat ion o f  f ede ra l  and s t a t e  g ran ts  f o r  water  

and sewer f a c i l i t i e s  i n  those c i t i e s ;  ( 3 )  est imates o f  t h e  t rends  i n  t h e  

most impor tan t  f a c t o r s  t h a t  c o n t r i b u t e  t o  t h e  cos t s  o f  water and sewer 

serv ices;  and ( 4 )  case s tud ies  o f  two systems w i t h  which t o  show, through 

d e t a i l e d  c o s t  est imates and p r o j e c t e d  cash f lows,  t h e  e f f e c t s  o f  a l t e r n a -  

t i v e  means o f  m i t i g a t i n g  f u t u r e  increases i n  p r i c e s  charged t o  consumers o f  

these serv ices.  The s tudy a1 so i nc l udes  t h e  development o f  a  cash f l o w  

model t h a t  can be o f  s i g n i f i c a n t  va lue t o  l o c a l  governments i n  t h e i r  f i n a n -  

c i  a1 p l  anni ng. 

F i  n d i  ngs 

There are severa l  f i n d i n g s  t h a t  f o l l o w  f rom these da ta  and analyses 

t h a t  descr ibe  t h e  near f u t u r e  f o r  f i n a n c i n g  mun ic ipa l  water and sewer 

serv ices .  F i r s t ,  t h e  p resen t  c o s t  o f  water and sewer serv ices  i n  Nor th  

Carol  i na i s  re1  a t i  v e l y  i nexpensi ve. The average revenue f o r  water s e r v i c e  

i s  $1.04 per  1000 ga l lons ,  and t h e  average revenue f o r  sewer s e r v i c e  i s  

$0.87 per  1000 ga l l ons .  For  a  f a m i l y  o f  f o u r  us i ng  7 5  ga l  l ons  per  c a p i t a  

per  day, these consumer cos t s  would r e s u l t  i n  a  monthly b i l l  o f  approx i -  

mate ly  $17 per  month o r  $200 per  year  f o r  combined water and sewer serv ices .  

Over t h e  pas t  t e n  years  these cos t s  have been i nc reas ing  a t  approx imate ly  

seven percent  a  year ,  a  r a t e  t h a t  has been l e s s  than  t h a t  f o r  o the r  f a c t o r s  

t h a t  c o n t r i b u t e  t o  t h e  c o s t  o f  l i v i n g .  

However, revenues c o l l e c t e d  through se rv i ce  charges have n o t  covered 

t h e  f u l l  c o s t  o f  d e l i v e r i n g  these serv ices.  I n  t h e  absence o f  complete i n -  

ven to r i es  o f  c a p i t a l  assets  and appropr ia te  a1 lowances f o r  dep rec ia t i on  o f  

t h e  c a p i t a l  stock, t h e  t r u e  va lue  o f  t h e  f u l l  c o s t  o f  these serv ices  i s  no t  

poss ib le .  Even though t h e  t r u e  va lue  cannot be determined f rom avai  1  ab le  

data, one es t imate  o f  t h e  cost - -probably  an underest imate-- is  t h e  present  

r a t e  o f  expendi tures.  I n  1982, revenues f rom customers covered on l y  76 

percent  o f  expendi tures;  most o f  t h e  d i f f e r e n c e  was made up f rom f e d e r a l  

and s t a t e  g ran ts  f o r  t h e  c o n s t r u c t i o n  o f  new f a c i l i t i e s ,  predominant ly  f o r  



waste treatment f a c i l i t i e s .  Estimates of expenditures i n d i c a t e  t h a t  49 

percent were f o r  operat ing and maintenance costs, t h e  o ther  51 percent 

f o r  c a p i t a l  investments, i nc lud ing  i n t e r n a l l y  f inanced f a c i l i t i e s ,  debt 

serv ice  on bonds, and federa l  and s t a t e  grants.  These grants accounted f o r  

41 percent o f  c a p i t a l  expenditures, or 21 percent .of a1 1 expenditures. Gran-2s 

f o r  waste treatment f a c i l i t i e s  accounted f o r  35 percent o f  c a p i t a l  expenses, g r  

18 percent of a l l  expenses; revenues averaged 150 percent o f  opera t ing  and 

maintenance costs over a l l  41 c i t i e s ,  bu t  approximately 20 percent o f  t h e  

c i t i e s  i n  t he  survey had revenues l ess  than operat ing and maintenance costs.  

Trends i n  t h e  most important  components of these expenditures i n d i c a t e  

t h a t  s i g n i f i c a n t  increases i n  consumer r a t e s  may be necessary i n  t h e  near 

fu tu re  if cur ren t  l e v e l  s  o f  serv ice  are t o  be maintained. Continued i n -  

creases i n  operat ing costs may be expected., Personnel costs, which account 

f o r  42 percent o f  operat ing costs, have increased a t  an annual r a t e  o f  nea r l y  

seven percent. The second most important  f a c t o r  i n  t o t a l  opera t ing  costs i s  

e l e c t r i c  power, c o n t r i b u t i n g  17 percent of t h e  t o t a l ,  and t h a t  cos t  has been 

increas ing  a t  a r a t e  o f  t e n  percent a year  over t h e  past decade. 

I f  these t rends continue, they would tend t o  sus ta in  t h e  seven percent 

i n f l a t i o n  r a t e  t h a t  has been experienced i n  recent  years, bu t  t h e  more 

important  e f f e c t s  are l i k e l y  t o  be associated w i t h  c a p i t a l  costs. I n f l a t i o n  

i n  cons t ruc t i on  costs f o r  new f a c i l i t i e s  has been p e r s i s t e n t l y  i n  t h e  range 

o f  e i g h t  t o  n ine  percent a year.  Dramatic increases i n  t h e  cos t  o f  f i n a n c i n g  

new f a c i l i t i e s  w i t h  borrowed c a p i t a l  have been experienced i n  t h e  past  f o u r  

years. Local governments have been she l te red  from some o f  t h e  impacts o f  

i n f l a t i o n  and f i nanc ing  costs because o f  t he  l a r g e  con t r i bu t i ons  f rom federa l  

and s t a t e  grants.  That s h e l t e r  i s  being removed as federa l  and s t a t e  programs 

are being reduced sharply.  The combined e f f e c t s  o f  an increased share o f  con- 

s t r u c t i o n  costs, i n f l a t i o n  i n  those costs, and t h e  increased cos t  o f  f i nanc ing  

w i  11 fo rce  l o c a l  government revenue needs t o  increase i f  present se rv i ce  l e v e l s  

are t o  be maintained. For t he  41 c i t i e s  i n  t h e  survey,revenue needs czn be 

expected t o  increase a t  10 t o  11 percent a year  over the  next  f i v e  years. 

The case studies i l l u s t r a t e  t h a t  a combination o f  ac t ions  could reduce 

present values o f  f u t u r e  costs by as much as ten  percent. Caoi t a l  expendi- 

tu res  are  c l e a r l y  the  most important  t a rge t .  Act ions t h a t  w i l l  r e s u l t  i n  the  

reduct ion  i n  s ize,  e l  im ina t ion  o f  unnecessary features,  o r  simply d e f e r r a l  o f  

c a p i t a l  expenditures should be eval uated t o  determine t h e i r  p o t e n t i a l  t o  reduce 



costs.  Conservation, improvements i n  e f f i c i e n c y ,  improved c a p i t a l  program- 

ming, and r e g i o n a l i z a t i o n  o f  f a c i l i t i e s  t o  e x p l o i t  excess capac i ty  are some 

of t h e  act ions t h a t  could c o n t r i b u t e  t o  t h a t  end. 

Creat ive f i nanc ing  techniques o f f e r  t he  possi b i  1  i t y  o f  inc reas ing  the  

m a r k e t a b i l i t y  o f  f i n a n c i a l  instruments. However, they o f f e r  on ly  modest 

oppor tun i t i es  t o  reduce costs, and i n  doing so they s h i f t  t h e  r i s k  f rom t h e  

inves tors  t o  t h e  m u n i c i p a l i t i e s .  

Recommendations 

From these f i n d i n g s  f l o w  several recommendations f o r  ac t i on  by l o c a l  

governments. There are a l so  r e l a t e d  recommendations f o r  ac t i on  by s t a t e  

government t o  c rea te  incent ives  f o r  l o c a l  ac t ion .  

F i r s t ,  1  ocal governments should improve t h e i r  f i nanci a1 p l  anni ng and 

reform t h e i r  r a t e  s t ruc tures .  P a r t i c u l a r  a t t e n t i o n  should be g iven t o  mid- 

term (10-1 5 years)  p l  anni ng t h a t  inc ludes operat ing and maintenance costs, 

annual r e p l  acement costs, and c a p i t a l  investments t o  r e p l  ace and expand major 

f a c i l i t i e s .  Rates should be res t ruc tu red  t o  recover t h e  f u l l  cos t  o f  serv ices 

and t o  d i s t r i b u t e  t h e  cos ts  t o  customers i n  an appropr iate manner. 

- Conservation measures should be exp lo i t ed  t o  decrease base loads; 

- Load managment techniques should be explored as a  way o f  d e f e r r i n g  
expansion o f  f a c i l i t i e s  designed t o  meet peak loads; 

- Regional in te rconnect ions  and intergovernmental agreements should 
be explored as means o f  coping w i t h  shortages; 

- Improved c a p i t a l  programming, i nc lud ing  t h e  use o f  sequences o f  
small p ro jec ts ,  should be undertaken t o  reduce i d l e  capac i t i es  i n  
1  arge p ro jec ts .  

And second, s t a t e  government s h o d  d  c rea te  i ncent i  ves f o r  1  o c a l  govern- 

ments t o  adopt necessary changes, i nc lud ing  the  cont inuat ion  o f  some form o f  

f i n a n c i a l  assistance. I n  p a r t i c u l a r ,  the  s t a t e  should: 

- adopt as a  requirement f o r  s t a t e  permi ts  and f i n a n c i a l  assistance 
a  minimum framework water resource p lan  f o r  l o c a l  governments 
t h a t  would inc lude:  ( a )  p ro jec t i ons  o f  needs over t h e  next  t en  
t o  f i f t e e n  years; (b )  an i d e n t i f i c a t i o n  o f  t h e  most promising 
a l t e r n a t i v e s  and cos ts  o f  meeting those needs; and ( c )  a l t e r n a t i v e  
methods f o r  f i nanc ing  e x i s t i n g  as we1 1  as f u t u r e  operat ing and 
c a p i t a l  costs; and 

- cont inue some form o f  f i n a n c i a l  assistance through low cos t  loans 
o r  d i r e c t  grants. 
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