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ABSTRACT 

This  r e sea rch  was intended t o  he lp  improve wastewater management i n  t h e  

western North Carol ina mountains by developing a comprehensive p i c t u r e  of t h e  

r eg ion ' s  on-s i te  wastewater management p r a c t i c e s  and r e l a t e d  problems, and 

provides  a  b a s i s  f o r  eva lua t ing  t h e  p o t e n t i a l  r o l e  a l t e r n a t i v e  p r a c t i c e s  and 

programs could p lay  i n  so lv ing  these  problems. Four r e p r e s e n t a t i v e  mountain 

coun t i e s  -- Graham, Haywood, Jackson, and Macon -- were analyzed i n  d e t a i l ,  

making i t  p o s s i b l e  t o  i d e n t i f y  region-wide problems and those  which a r e  unique 

t o  one county o r  po r t ion  of a  county, 

Approximately 100,000 people l i v e  i n  40,000 homes w i t h i n  t h e  four  s tudy  

count ies .  About t h ree -qua r t e r s  of t h e s e  homes depend on i n d i v i d u a l  waste- 

water d i s p o s a l  systems, p r imar i ly  convent ional  s e p t i c  tank  systems. A s  of 

1970, an  es t imated  4,000 homes (13%) had no f l u s h  t o i l e t  and 1,000 homes (3%) 

s t r a i g h t  piped t h e i r  raw sewage d i r e c t l y  t o  t h e  n e a r e s t  stream. Approximately 

2,500 homes (6%) have f a i l i n g  s e p t i c  systems, due t o  poor s i t i n g ,  des ign ,  in- 

s t a l l a t i o n ,  and maintenance, and t o  t he  reduced amount of mountain l and  s u i t a b l e  
/ -  f o r  e f f e c t i v e  long-term s e p t i c  system opera t ion .  Yet ,  whi le  t h e  a v a i l a b i l i t y  
'\-1 

of s u i t a b l e  s i t e s  f o r  s e p t i c  systems i s  r a p i d l y  decreas ing ,  t he  p re s su re  t o  

bu i ld  new permanent and seasona l  homes which must depend on on - s i t e  wzste- 

water d i s p o s a l  cont inues  t o  r i s e .  

There a r e  i n d i c a t i o n s  t h a t  some h e a l t h  hazards and degraded water  q u a l i t y  

condi t ions  i n  western North Carol ina a r e  a t t r i b u t a b l e  t o  on - s i t e  sewage treat- 

ment problems. An es t imated  30% of t h e  homes (about 10,000) have ind iv idua l  

dr inking  water s u p p l i e s  t h a t  a r e  b a c t e r i o l o g i c a l l y  contaminated. An alarming 

68% t o  78% of t h e  sp r ings  sampled r e c e n t l y  by s a n i t a r i a n s  i n  t h e  s tudy  a r e a  

coun t i e s  were contaminated. Some pub l i c  water  supply systems have problems 

due t o  inadequate  p r o t e c t i o n  from sewage and t o  poor des ign ,  cons t ruc t ion ,  

and i r r e g u l a r  i n s p e c t i o n  and maintenance. Three of t h e  e i g h t  municipal  water  

systems i n  t h e  s tudy  a r e a  depend on su r f ace  water  sources  which f r equen t ly  
-. 

exceed s t a t e  water  q u a l i t y  s tandards .  Many small p u b l i c  w e l l  systems serv ing  

t r a i l e r  parks ,  subd iv i s ions ,  second homes and seasonal  developments a r e  i n  

f a i r  t o  poor cond i t i on .  B a c t e r i a l  contamination was found i n  t h e  m a j o r i t y  of 

t he  streams t h a t  have been sampled i n  t h e  s tudy a r e a  coun t i e s .  , - 

iii 



'I 
I / Alternatives considered for reducing these problems include upgrading 

and expanding central wastewater treatment and collection - systems, partici2ating 

in special financial assistance programs for improving on-site systems, anc 

developing modified and alternative on-site treatment systems and maintenance 

programs adopted to best meet the region's needs. 
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SLJMMARY 

The purpose of t h i s  r e sea rch  was t o  he lp  improve wastewater management 

i n  western North Carol ina by developing a comprehensive p i c t u r e  of t h e  re -  

g ion ' s  problems r e l a t e d  t o  on-s i te  wastewater management which provides  a 

b a s i s  f o r  eva lua t ing  t h e  p o t e n t i a l  r o l e  a l t e r n a t i v e  p r a c t i c e s  and programs 

could p l ay  i n  so lv ing  t h e s e  problems. 

Deta i led  information was obta ined  on cond i t i ons  and problems i n  f o u r  

r e p r e s e n t a t i v e  western North Carol ina mountain coun t i e s  -- Graham, Haywood, 

Jackson and Macon. Information on e x i s t i n g  on - s i t e  t rea tment  systems was 

obtained from each county h e a l t h  department.  S o i l s  d a t a  publ ished by t h e  

S o i l  Conservation Serv ice  were analyzed.  Water q u a l i t y  d a t a  were c o l l e c t e d  

from p u b l i c a t i o n s  of t h e  United S t a t e s  Geological  Survey and from r e p o r t s  

and f i l e s  of t he  North Caro l ina  Department of Natura l  Resources and Com- 

munity Development. Data on community and p r i v a t e  water  supp l i e s  were ob- 

ta ined  from t h e  county h e a l t h  departments and t h e  North Carol ina Div i s ion  
-. 

of Heal th  Serv ices .  Housing information was found i n  t he  1970 U.  S .  Census 

and from each county ' s  t a x  a s s e s s o r  and r e g i s t e r  of deeds o f f i c e .  

Within the  four  coun t i e s  analyzed,  examples were found of on-s i te  waste- 

water t rea tment  problems t h a t  a r e  common throughout t h e  mountain reg ion .  

Thus, i t  w a s  poss ib l e  t o  i d e n t i f y  region-wide problems and those  which a r e  

unique t o  one county o r  a p o r t i o n  of a county. 

Approximately 100,000 people l i v e  i n  40,000 homes w i t h i n  the  f o u r  

coun t i e s  analyzed i n  d e t a i l .  About t h ree -qua r t e r s  of t h e s e  homes depend on 

i n d i v i d u a l  wastewater d i s p o s a l  systems, compared t o  42% f o r  t h e  s t a t e  and 

25% f o r  t h e  n a t i o n  a s  a whole. The ayerage d e n s i t y  of on-s i te  systems i n  

t h e  four-county western North Carol ina s tudy  a r e a  i n  1970 was 12.0 homes per 

square mi l e ,  compared t o  18 .3  i n  t h e  s i r c o u n t y  Tr i ang le  J* region ,  which 

inc ludes  Raleigh,  Loca l ly ,  d e n s i t i e s  a r e  equal  t o  o r  g r e a t e r  than those  

found i n  more urbanized p a r t s  of t h e  s t a t e .  The d e n s i t y  of on-s i te  systems 

i n  Haywood County i n  t h e  s tudy  a r e a  is  approximately t h e  same a s  t h a t  i n  

Orange County i n  t h e  Tr i ang le  J reg ion .  

The convent ional  s e p t i c  tank sysrem i s  by f a r  t he  most commonly used 

wastewater t rea tment  system i n  the  reg ion .  A s  of 1970, an  est imated 4,000 

*Triangle J inc ludes  Chatham, Durham, Johnston,  Lee, Orange and Wake Countlss 



homes (13%) had no f l u s h  t o i l e t  and 1,000 homes (3%) s t ra ight -p iped  t h e i r  , - 

raw sewage d i r e c t l y  t o  t h e  n e a r e s t  stream wi th  no t rea tment .  The propor- 

t i o n  of homes s t r a igh t -p ip ing  i n  t h e  s tudy a r e a  i s  over f i v e  t imes h igher  

than t h e  r a t e  stacewide. It i s  est imated t h a t  10,000 people (10%) l i v e  

near  s t reams which r e c e i v e  s i g n i f i c a n t  s t r a i g h t - p i p e  d ischarges  i n  t h i s  

a r ea .  Graham, Jackson,and po r t ions  of Haywood County have t h e  most ex- 

t ens ive  concen t r a t ions  of s t r a i g h t - p i p e  d ischarges .  

It i s  roughly est imated t h a t  2,500 homes (6%) i n  t h e  s tudy a r e a  have 

f a i l i n g  s e p t i c  systems, due t o  both  poor s i t i n g ,  des ign ,  i n s t a l l a t i o n  and 

maintenance i n  t h e  p a s t  and a l s o  t o  t he  reduced amount of mountain land 

s u i t a b l e  f o r  e f f e c t i v e  long-term s e p t i c  system ope ra t ion .  From 69% t o  93% 

of t h e  land i n  t h e  fou r  study-area coun t i e s  has  s eve re  l i m i t a t i o n s  f o r  

convent ional  s e p t i c  systems due t o  s t eep  s lopes ,  shal low depths  t o  bedrock, 

high water  t a b l e s  and f loodihg ,  I n  comparison, between 30% and 50% of t h e  

land w i t h i n  t h e  Tr iangle  J reg ion  i s  u n s u i t a b l e  f o r  convent iona l  s e p t i c  

systems. The popular Cashiers-Highlands a r e a  inc ludes  some of t h e  worst  

t e r r a i n  f o r  convent ional  s e p t i c  systems, Yet ,  whi le  t h e  a v a i l a b i l i t y  of 

.__ s u i t a b l e  s i t e s  i n  t h e  r eg ion  f o r  s e p t i c  systems i s  r a p i d l y  decreas ing ,  t h e  

p re s su re  t o  b u i l d  new permanent and seasonal  homes which must depend on on- 

s i t e  wastewater d i s p o s a l  cont inues  t o  r i s e .  Approximately 90% of t h e  new 

homes b u i l t  i n  t h e  s tudy  r eg ion  from 1970 t o  1980 u t i l i z e  s e p t i c  systems. 

The per -capi ta  r a t e  of new s e p t i c  system i n s t a l l a t i o n s  i n  t h e  four  coun t i e s  

from I970 t o  1978 was nea r ly  twice the  r a t e  of new i n s t a l l a t i o n s  s ta tewide .  

Much of t h i s  new housing development i s  w i t h i n  subd iv i s ions  and rnotjile home 

parks.  Subdivis ions a r e  most r a p i d l y  being developed i n  Haywood and %con 

Counties,  and mobile home useage is  g r e a t e s t  i a  Haywood and Graham Counties.  

There a r e  i n d i c a t i o n s  t h a t  h e a l t h  hazards and degraded water  q u a l i t y  

cond i t i ons  i n  western North Carol ina a r e  a t  l e a s t  p a r t l y  a t t r i b u t a b l e  t o  

on-s i te  sewage t rea tment  problems, Contamination of d r i n k i n g  water sup- 

p l i e s  w i t h i n  t h e  r eg ion  is  a s soc i a t ed  wi th  inadequate  sewage d i s p o s a l  and 

poorly p ro t ec t ed  o r  o therwise  u n s a t i s f a c t o r y  w e l l  and s p r i n g  f a c i l i t i e s .  

A .  es t imated 30% of t h e  homes (about 10,0001 have i n d i v i d u a l  d r ink ing  water 

s u p p l i e s  t h a t  a r e  b a c t e r i o l o g i c a l l y  contaminated. Problems w i t h  sp r ing  

supp l i e s  a r e  most severe .  About ha l f  of t he  people on i n d i v i d u a l  water  



s u p p l i e s  i n  t h i s  r e g i o n  depend on s p r i n g s ,  a much h i g h e r  f r a c t i o n  t h a n  e l s e -  

where i n  North C a r o l i n a .  Y e t ,  a n  a la rming  6 8 % - t o  78% of t h e  s p r i n g s  sampled 

r e c e n t l y  by s a n i t a r i a n s  i n  t h e  s t u d y  a r e a  c o u n t i e s  were  con tamina ted .  

Community and non-community p u b l i c  w a t e r  supp ly  sys tems have prob- 

lems, due t o  inadequa te  p r o t e c t i o n  from sewage, a s  w e l l  a s  t o  poor  d e s i g n  

and c o n s t r u c t i o n ,  and t o  i r r e g u l a r  i n s p e c t i o n  and maintenance.  Non-com- 

munity p u b l i c  sys tems a r e  a p a r t i c u l a r  concern  i n  t h i s  r e g i o n  where t h e r e  

is a  s u b s t a n t i a l  number of s e a s o n a l  homes. Smal l  p u b l i c  w e l l  sys tems  s e r -  

v i n g  t r a i l e r  p a r k s ,  s u b d i v i s i o n s  and second home and s e a s o n a l  developments  

a r e  i n  t h e  wors t  c o n d i t i o n .  

Excess ive  b a c t e r i a l  levels i n  many of t h e  r e g i o n ' s  s t r e a m s  have been 

documented. The moni to r ing  s t a t i o n s  o f  t h e  Department of N a t u r a l  Resources  

and Community Development and t h e  Uni ted S t a t e s  G e o l o g i c a l  Survey,  and 

compliance moni to r ing  r e p o r t s  submi t t ed  t o  t h e  s t a t e  by p o i n t  s o u r c e  po l -  

l u t i o n  d i s c h a r g e r s  f r e q u e n t l y  i n d i c a t e d  contaminated c o n d i t i o n s .  Water 

samples from about  70% of t h e  m o n i t o r i n g  s i t e s  i n  t h e  four-county a r e a  

which were upst ream of any m u n i c i p a l  o r  i n d u s t r i a l  p o i n t  s o u r c e  d i s c h a r g e r  
>__,' 

o f t e n  showed f e c a l  c o l i f o r m  l e v e l s  t h a t  f a r  exceeded t h e  " r e c r e a t i o n a l  use"  

s t ream s t a n d a r d  of 200 c o l o n i e s  p e r  100 m i l l i l i t e r s .  Contaminat ion l e v e l s  

measured i n  many of t h e  s t r e a m s  which serve as m u n i c i p a l  d r i n k i n g  w a t e r  

s u p p l i e s  a r e  a  major  a r e a  of concern.  Three  of t h e  e i g h t  major  s u r f a c e  

s o u r c e  sys tems i n  t h e  r e g i o n  depend on w a t e r  which f r e q u e n t l y  exceeds  s t a t e  

r a w  wa te r  s t a n d a r d s  f o r  "A-11" s u p p l i e s  -- more t h a n  20% of t h e  w a t e r  samples  

t aken  i n  a month have f e c a l  c o l i f o r m  l e v e l s  g r e a t e r  t h a n  2 ,000 c o l o n i e s  per  

100 m i l l i l i t e r s .  

A l t e r n a t i v e s  f o r  r e d u c i n g  t h e s e  problems i n c l u d e  t h e  p o t e n t i a l  t o  improve 

and e x p a n d e x i s t i n g  was tewate r  t r e a t m e n t  p l a n t  c o l l e c t i o n  sys tems ,  p a r t i c i p a -  

t i o n  i n  f i n a n c i a l  a s s i s t a n c e  programs f o r  improving o n - s i t e  sys tems  manage- 

ment, and t h e  development of modi f i ed  and a l t e r n a t i v e  o n - s i t e  was tewate r  

t r e a t m e n t  sys tems and programs,  

Many of t h e  e x i s t i n g  m u n i c i p a l  and community t r e a t m e n t  p l a n t s  i n  t h e  

s t u d y  a r e a  a r e  c u r r e n t l y  over loaded  and t h e i r  c o l l e c t o r  sys tems have s e v e r e  

i n f i l t r a t i o n  and i n f l o w  problems.  Bowever, some m u n i c i p a l  t r e a t m e n t  p l a n t s  

x i  
have r e c e n t l y  been upgraded and have e x c e s s  c a p a c i t y .  Densely popula ted  



communities adjacent to these municipalities which are already served by public 
. , 

water supplies are likely candidates for sewer line expansions. The timing 

of sewage line improvements, expansions, and of-new plant construction in the 

region has been historically slow, so it is unlikely that these alternatives 

will significantly reduce on-site wastewater problems in the foreseeable future. 

As with public water supply systems, the lack of frequent and effective mainte- 

nance is also a major problem at many of the small community wastewater treat- 

ment facilities in the region, which moreover tends to further discourage the 

use of this alternative for solving on-site wastewater problems. 

Modifications to make conventional septic systems in the region work 

better include water conservation, more frequent septic tank pumping, two- 

compartment septic tanks, alternatives to the distribution box, the use of 

trenches instead of beds, and adequate drainage of the drainfield area. 

Water conservation is the simplest, yet often most neglected, method of 

improving and maintaining any on-site wastewater treatment system. The majority 

of water used in the home passes through to the sewer or septic system. Excessive 

use of water is particularly a problem in oAder homes where the original septic 
/7 

system was not designed for accepting automatic washing machine wastewater. 
\.- 1 

Eliminating wasteful habits, such as running the washing machine or dishwasher 

with only half a load, is the most inexpensive and effective way to save water. 

A variety of inexpensive devices are also available. Use of toilet dams, and 

flow restricting showerheads and spigots can greatly aid people's efforts to 

conserve water in the home and at the same time saves energy. 

New technologies have been recently applied at a few sites in the region. 

Three low-pressure, pump-dosed systems have been successfully installed as 

repairs at individual homesites in Haywood County, replacing failing conventional 

systems. There are many situations in the mountains where the low-pressure pump 

or syphon-dosed distribution system may be applicable, such as in areas having 

only a shallow layer of soil above the water table or bedrock 

Mound systems have been installed on an experimental basis in two parts 

of the study region -- at a poorly drained site with a high water table in 
Haywood County and at a shallow-depth-to-bedrock area near Highlands in Macon 

County. Preliminary indications are that mounds cost an excessive amount in 

/'--' 
this region due to difficulty in locating and transporting suitable fill material 

for mound construction. 



, - 
L There is an increasing interest in composting toilets in the region, 

although few are actually in operation. One "Clivus Multrum" system has 

been approved during the past year in Haywood County. The biggest disad- 

vantage of the composting toilet is that it does not lessen the need to treat 

the non-toilet ("gray water") waste which still must normally be handled by 

a conventional septic system. Experiments designed to help develop appropriate 

alternatives for separate gray water treatment are underway here and elsewhere. 

Effective use of both conventional and alternative on-site wastewater 

disposal systems is dependent on regular maintenance. While the home owner 

has been primarily responsible for on-site maintenance in the past, there is 

a growing trend nationally to implement public and private septic system 

maintenance programs. Two counties in North Carolina -- Guilford and Robeson -- 
currently operate a survey program for systematically locating and correcting 

malfunctioning individual septic systems countywide. These programs have been 

quite successful and could serve as models for counties in the study area and 

elsewhere interested in developing at least an initial on-site wastewater 

-, treatment system maintenance program. 

\e 

RECOMMENDATIONS 

The following recommended activities would help lead to improved on- 

site wastewater management practices in the region: 

1. Developing and implementing survey programs for evaluating and 
eliminatkg home sewage treatment probiems. 

2 .  Identifying the health problems associated with contaminated 
water supplies and inadequate sewer systems. 

3 .  Studying the relationships between on-site'wastewater treatment 
problems and surface and ground water quality problems. 

4. Installing and monitoring modified and innovative on-site waste- 
water treatment systems and further evaluating the applicability 
of alternative systems to the unique conditions in the mountains. 

5. Evaluating alternative voluntary and regulatory institutional 
programs to improve the management of on-site water and sewer 
systems and demonstrate the applicability of feasible programs. 

xiii 



Western North C a r o l i n a  is a u n i q u e  r e g i o n  of t h e  s t a t e .  The vast 

beau ty  o f  our  mountains  i s  c h e r i s h e d  by p e o p l e  th roughout  North C a r o l i n a  

and indeed throughout  t h e  wor ld .  This r e p o r t  c o n s i d e r s  i n  d e t a i l  a n  a s p e c t  o f  

mountain l i v i n g  t h a t  i s  n o t  a  p o p u l a r  s u b j e c t  of c o n v e r s a t i o n ,  b u t  a f f e c t s  

n e a r l y  everyone who r e s i d e s  h e r e  o r  who v i s i t s  t h e  r e g i o n .  The mountainous  

t e r r a i n  and r e l a t i v e l y d i s p e r s e d  s e t t l e m e n t  p a t t e r n  makes c e n t r a l i z e d  waste- 

w a t e r  t r e a t m e n t  f o r  a l l  u n f e a s i b l e .  According t o  t h e  1970 Census, approx i -  

mate ly  74% of t h e  homes i n  t h e  r e g i o n  depend on i n d i v i d u a l  o n - s i t e  waste-  

w a t e r  t r e a t m e n t  sys tems ,  compared t o  42% f o r  t h e  s t a t e  and 25% f o r  t h e  

n a t i o n  a s  a  whole. Due t o  e x c e s s i v e  s l o p e s  and s h a l l o w  d e p t h s  of s o i l  t o  

bedrock o r  t o  t h e  wa te r  t a b l e ,  abou t  80% of  t h e  l a n d  a r e a  i n  t h e  r e g i o n  

has  s e v e r e  l i m i t a t i o n s  f o r  c o n v e n t i o n a l  s e p t i c  sys tems.  

The purpose  of t h i s  s t u d y  i s  t o  deve lop  a comprehensive p i c t u r e  o f  t h e  

problems r e l a t e d  t o  o n - s i t e  was tewate r  management i n  f o u r  w e s t e r n  North  
, -.. C a r o l i n a  c o u n t i e s  -- Graham, Haywood, Jackson, and Macon -- and t o  e s t a b l i s h  
,- ' a b a s i s  f o r  e v a l u a t i n g  t h e  p o t e n t i a l  r o l e  a l t e r n a t i v e  p r a c t i c e s  and pro- 

grams cou ld  p l a y  i n  s o l v i n g  t h e s e  problems. 

D e t a i l e d  in format ion  i s  p r e s e n t e d  t h a t  i s  s p e c i f i c  t o  each  s t u d y  county.  

Within  t h e  f o u r  c o u n t i e s  a n a l y z e d ,  examples have been found of t h e  s e p t i c  

sys tem problems t h a t  a r e  most common th roughout  t h e  mountain r e g i o n .  Thus 

it h a s  been p o s s i b l e  t o  d i f f e r e n t i a t e  between problems t h a t  a r e  reg ion-  

wide and t h o s e  which a r e  unique t o  one coun ty  o r  t o  a p o r t i o n  o f  a coun ty .  

The m a t e r i a l  p r e s e n t e d  i n  t h i s  r e p o r t  was c o l l e c t e d  from a  v a r i e t y  of 

s o u r c e s .  D e t a i l e d  i n f o r m a t i o n  on e x i s t i n g  o n - s i t e  t r e a t m e n t  sys tems  was 

o b t a i n e d  from each county h e a l t h  depar tment .  S o i l s  d a t a  p u b l i s h e d  by t h e  

S o i l  Conserva t ion  S e r v i c e  were  a n a l y z e d .  Water q u a l i t y  d a t a  were  c o l l e c t e d  

from p u b l i c a t i o n s  of t h e  Uni ted S t a t e s  G e o l o g i c a l  Survey and from r e p o r t s  

and f i l e s  of t h e  North C a r o l i n a  Department of N a t u r a l  Resources  and Com- 

muni ty  Development. Data on community and p r i v a t e  w a t e r  s u p p l i e s  were  

o b t a i n e d  from t h e  coun ty  h e a l t h  depar tments  and t h e  North C a r o l i n a  D i v i s i o n  

of Hea l th  S e r v i c e s .  Housing i n f o r m a t i o n  was found i n  t h e  1 9 7 0  U.S. Census 
'-1 

and from each c o u n t y ' s  t a x  a s s e s s o r  and r e g i s t e r  o f  deeds  o f f i c e s .  
\ /' 



LOCATION OF THE STUDY REGION 

The fou r  coun t i e s  analyzed a r e  l oca t ed  i n  t h e  Appalachian mountain 

reg ion  of western North Carol ina (Figure 1 ) .  Haywood, t h e  easternmost  

county, i s  southwest of t h e  Ashevi l le  Metropol i tan  a r e a .  Haywood and 

Graham Counties a r e  ad j acen t  t o  t h e  Great SmokyMountalnsNational Park 

and t o  t he  Tennessee s t a t e  l i n e .  Macon County i s  ad jacen t  t o  Georgia,  

about 130 m i l e s  no r theas t  of A t l an t a ,  and t h e  southern  p a r t  of Jackson 

County a b u t s  on South Carol ina.  Po r t ions  of Graham, Macon and Jackson 

coun t i e s  a r e  i n  t h e  Nantahala Nat iona l  Fo res t  and p o r t i o n s  of Haywood 

County a r e  i n  t he  Pisgah Nat iona l  Fo res t .  Approximately one-half of 

t h e  Cherokee Indian  Reservat ion i s  i n  t h e  northwestern p a r t  of Jackson 

County. 

NATURAL FACTORS 

Geology 
I .  

. /' The underlying geology of t h e  reg ion  in f luences  topography, s o i l  

p r o p e r t i e s ,  p a t t e r n s  of s e t t l emen t ,  and t h e  q u a l i t y  and a v a i l a b i l i t y  of 

water .  Most of t h e  rocks beneath t h e  s tudy  r eg ion  were formed dur ing  

t h e  formation of t h e  Appalachian mountain cha in  over 550 m i l l i o n  y e a r s  

ago. Nearly a l l  rocks p re sen t  a r e  metamorphic, having been converted 

i n t o  t h e i r  c u r r e n t  form by t h e  i n t e n s e  p re s su re  and h e a t  which accompa- 

nied t h e  bui ld ing  of t he  Appalachian Mountains (1) .  From t h e  s tand-  

po in t  of rock composition, t h e  mountains a r e  t h e  most complex reg ion  of 

North Caro l ina  ( 2 ) .  Gneiss ,  mica-schis t ,  q u a r t z i t e ,  g r a n i t e ,  s l a t e  and 

d i o r i t e  a r e  t h e  most common minera ls .  Flood p l a i n  d e p o s i t s  a long t h e  

r e g i o n ' s  s t reams and r i v e r s  i nc lude  c l a y s ,  sands and g rave l s .  The f lood-  

p l a i n  d e p o s i t s  i n  t h e  mountains con ta in  Jsore ve ry  f i n e  sand, s i l t  and 

c l ay ,  compared t~ those i n  t h e  piedmont (3) .  

Bedrock i n  t he  reg ion  i s  broken up by innumerable f r a c t u r e s ,  j o i n c s  

and i n t r u s i o n s ,  A l a y e r  of s a p r o l i t e  o r  broken up, poorly weathered rock,  

l i e s  between t h e  bedrock and s o i l  zones. S a p r o l i t e  t h i ckness  i s  u s u a l l y  





becween 25 t o  75 f e e t ,  a l though i t  nay be absent  i n  some p l aces  and over  
I 

\ ' 100 f e e t  i n  o t h e r s  ( 4 ) .  S a p r o l i t e  i s  gene ra l ly  t h i c k e s t  i n  v a l l e y s  and 

draws, where t h e  under ly ing  bedrock i s  a l s o  cha rac t e r i zed  by a  g r e a t e r  

number of f r a c t u r e s .  

Topography 

The topographica l  v a r i a b i l i t y  of t h e  western North Carol ina mountains 

i s  i t s  most s t r i k i n g  f e a t u r e .  E leva t ion  d i f f e r e n c e s  of over 4 ,500fee t  occur  

i n  each of t h e  coun t i e s  s t u d i e d ,  w i t h  peaks r i s i n g  over 6,000 f e e t  above 

sea  l e v e l  a long t h e  Jackson-Haywood County l i n e .  The landscape i s  charac- 

t e r i z e d  by high mountain ranges ,  h i g h  p l a t e a u s ,  r o l l i n g  f o o t h i l l s ,  narrow 

v a l l e y s ,  f lood  p l a i n s ,  bottom l ands ,  and an occas iona l  o l d  t e r r a c e  ad- 

j acen t  t o  a  r i v e r .  Graham County con ta ins  the  mast rugged t e r r a i n ,  w i th  

about 90% of t h e  land  over 30% i n  s lope .  

Climate 

/ The c l ima te  of t h e  r eg ion  i s  q u i t e  comfortable ,  w i t h  b e a u t i f u l  sp r ings  
1 and autumns, p l easan t  days and coo l  n i g h t s  i n  summer, and s e v e r a l  s eve re  

but  shor t - l ived  cold s p e l l s  dur ing  win te r .  R a i n f a l l  v a r i e s  g r e a t l y  w i t h i n  

the  reg ion  and wi th in  each county. An average of 90 inches  per  year  f a l l s  

near  Coweeta i n  Macon County and i n  t h e  Great Smoky Mountains Nat iona l  

Park. Only i n  the  P a c i f i c  Northwest a r e  r a i n f a l l  r a t e s  c o n s i s t e n t l y  h igher .  

P r e c i p i t a t i o n  averages about  70 inches  per  year  a long most of t h e  moun- 

t a i n  r i d g e s ,  50 inches  around Sylva i n  Jackson County, and 40 inches  near  

Canton i n  Haywood County. P r e c i p i t a t i o n  measured a t  t h e  Cullowhee weather 

s t a t i o n  i n  Jackson County averages  40 inches  l e s s  annual ly  than  a t  t h e  

Coweeta s t a t i o n  i n  Xacon, on ly  27 m i l e s  away. Snowfall  i s  f r e q u e n t ,  es- 

p e c i a l l y  on t h e  h igher  mountain s lopes ,  bu t  r a r e l y  i s  t h e  accumulation ex- 

t e n s i v e  o r  sus ta ined .  

S o i l s  

Geology, topography, c l ima te  and time i n t e r a c t  w i t h  v e g e ~ a t i o n  and land 

use  t o  c r e a t e  t he  s o i l s  cha t  e x i s t  i n  t h e  reg ion  today. Eost  s o i l s  i n  ;he 

mountains a r e  younger and l e s s  developed t h a i  chose elsewhere i n  t h e  s c a t e .  



- - 
The s o i l s  on s t e e p  uplands a r e  c o n s t a n t l y  being eroded and renewed by 

weathering of t h e  underlying rock.  Flood p la in-and  bottom land s o i l s  a r e  

con t inua l ly  renewed wi th  new m a t e r i a l  washed down from t h e  uplands.  The 

high p l a t eaus  and g e n t l y  r o l l i n g  uplands  have t h e  o l d e s t  and b e s t  developed 

s o i l s  i n  the  reg ion .  

Vegetat ion,  s lope ,  r a i n f a l l  and temperature i n f luence  t h e  f e r t i l i t y  

and organic  ma t t e r  conten t  of t he  evolving s o i l  p r o f i l e .  Excessive r a i n -  

f a l l  he lps  leach  minera ls  out of t h e  mountain s o i l s ,  p a r t i c u l a r l y  i n  t h e  

upper e l eva t ions .  Dense deciduous f o r e s t  cover provides  an  annual i npu t  

of organic  m a t e r i a l .  The cool  mountain temperatures  make decomposition 

slower i n  t h e  higher  e l e v a t i o n s  than i n  t he  v a l l e y s ,  which somewhat com- 

pensa tes  f o r  the  leaching  e f f e c t .  However, t h e  f o r e s t s  r e c y c l e  n u t r i e n t s  

very  e f f i c i e n t l y , s o  l i t t l e  organic  m a t e r i a l s  become incorpora ted  i n t o  t h e  

s o i l s .  

,- 

\ ,  Surface Waters 

Water Resources 

High r a i n f a l l ,  s t eep  s lopes ,  t h i n  s o i l s  and e ros ion  r e s i s t a n t  rocks  

h a v e i n t e r a c t e d t o  c r e a t e  a w e l l  developed dra inage  network of r i v e r s  and 

s t reams throughout t h e  reg ion .  The e a s t e r n  c o n t i n e n t a l  d i v i d e  c r o s s e s  

through t h e  s tudy a r e a ,  w i th  a l l  of Graham and Haywood and most of Jackson 

and Macon Counties d ra in ing  westward by t r i b u t a r i e s  t o  t he  Tennessee River .  

The southern  edge of Macon and Jackson Counties d r a i n s  south  by t r i b -  

u t a r i e s  t o  t h e  Savannah River  ('Figure 1 ) .  

Graham County is  dra ined  predominantly by t h e  Cheoah River ,  which 

flows i n t o  t h e  L i t t l e  Tennessee below Lake Fontana,. Haywood County i s  

dra ined  almost e n t i r e l y  by t h e  Pigeon River ,  which f lows northward a c r o s s  

the  s t a t e  l i n e  and e n t e r s  rhe  French Broad River near  Newport, Tennessee. 

Most of Jackson County i s  dra ined  by t h e  Tuckaseigee River ,  which e n t e r s  

the L i t t l e  Tennessee Riyer  i n  Lake Fontana, about 20 mi l e s  below t h e  Jackson 

County l i n e .  The southern  p a r t  of Jackson County around Cashiers  d r a i n s  in-  

t o  South Carol ina towards the  Savannah River v i a  t he  Horsepasture,  White- 

water and Chattooga Rivers .  Macon County i s  dra ined  p r imar i ly  by t h e  



,' L i t t l e  Tennessee. The Nantahala d r a i n s  t h e  western p o r t i o n  of t h e  county,  
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dra in ing  northward i n t o  Swain County above the  famous Nantahala Gorge. 

The sou theas t e rn  p a r t  of t h e  county d r a i n s  southward i n t o  t h e  Chattooga 

River.  

Nearly a l l  of t h e  s t reams i n  each of t h e  s tudy  a r e a  coun t i e s  or ig-  

i n a t e  w i t h i n  t h a t  county. 

These s u r f a c e  waterways comprise one of t hemos t  t r e a s u r e d  r e sou rces  

of t he  mountains. Over 1,100 m i l e s  of North Caro l ina ' s  4,000 m i l e s  of 

t r o u t  s t reams a r e  w i th in  t h e  fou r  s tudy  c o u n t i e s .  The Nantahala and 

Chattooga a r e  the  most popular r e c r e a t i o n a l  rivers i n  t he  s t a t e  and in-  

deed rank  among the  most popular r i v e r s  i n  t h e  na t ion .  The s t reams dra in-  

i ng  t h e  Great  Smoky Mountains Nat iona l  Park,  such a s  t h e  Cataloochee, a r e  of i n -  

t e r e s t  t o  t h e  i n t e r n a t i o n a l  s c i e n t i f i c  community a s  r e p r e s e n t a t i v e  of  t h e  

s t ream ecosystems p re sen t  i n  t h e  pre-se t t lement  Eas te rn  Deciduous F o r e s t  

Biome. Reservoi rs  on t h e  Tuckaseigee, Pigeon, Nantahala,  L i t t l e  Tenn- 

e s see  and Cheoah a r e  important  components of t h e  f l o o d  c o n t r o l ,  power 

genera t ion  and r e c r e a t i o n a l  programs of t h e  Tennessee Val ley  Authori ty .  
/ 
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The l e s s e r  known streams and r e s e r v o i r s  a r e  l o c a l l y  important  f o r  water  

supply,  r e c r e a t i o n  and i n d u s t r y .  

Ground Water 

Groundwater i s  loca t ed  i n  s a t u r a t e d  zones wi th in  t h e  s a p r o l i t e  and 

bedrock f r a c t u r e s  beneath the  land su r f ace .  Groundwater i s  a  major source  

of d r ink ing  water i n  t h e  reg ion ,  through dug and d r i l l e d  w e l l s ,  and where 

i t  s u r f a c e s ,  through sp r ings .  Ground water  r e s e r v e s  a r e  n o t  a s  ex t ens ive  

i n  t h e  mountains a s  they  a r e  i n  t h e  c o a s t a l  p l a i n ,  bu t  a  s u f f i c i e n t  water 

y i e l d  f o r  domestic purposes can be obta ined  beneath most a r e a s  (1) .  The 

average water  y i e l d  from w e l l s  v a r i e s  g r e a t l y ,  bu t  c o r r e l a t e s  p o s i t i v e l y  

wi th  t h e  depth  of s a p r o l i t e  and t h e  e x t e n t  of bedrock f r a c t u r e s  ( 4 ) .  

The e l e v a t i o n  of t he  water  t a b l e  a l s o  v a r i e s  g r e a t l y .  It  g e n e r a l l y  

fo l lows  t h e  land s u r f a c e  e l e v a t i o n ,  bu t  is  c l o s e r  t o  t h e  s u r f a c e  i n  v a l l e y s  

and draws than on mountain tops .  The numerous s p r i n g s  i n  t h e  mountains 

a t t e s t  t o  the  c l o s e  proximity of t h e  ground water  t a b l e  t o  t he  s u r f a c e  

throughout t h e  region.  
- 



\ ,  

Ground w a t e r  d i r e c t l y  a f f e c t s  and i s  a f f e c t e d  by o n - s i t e  wastewater  

t r e a t m e n t  sys tems.  High w a t e r  t a b l e s  s e ~ e r e l y  limit t h e  a b i l i t y  of s e p t i c  

systems t o  f u n c t i o n  p r o p e r l y .  Due t o  t h i n  s o i l s ,  h i g h l y  f r a c t u r e d  bedrock 

zones,  h i g h  w a t e r  t a b l e s  and o c c a s i o n a l  a r e a s  where s o i l  p e r m e a b i l i t y  i s  

r a p i d ,  t h e  p o t e n t i a l  f o r  ground w a t e r  con tamina t ion  from o n - s i t e  waste- 

w a t e r  d i s p o s a l  i n  t h e  r e g i o n  is  g r e a t .  

ON-SITE WASTENATER TREATPENT SYSTEM UTILIZATION 

E x t e n t  of U t i l i z a t i o n  i n  1970 

The m a j o r i t y  of homes i n  t h e  s t u d y  r e g i o n  depend on o n - s i t e  was tewate r  

d i s p o s a l  sys tems.  The 1970 Census of Housing i n c l u d e s  t k m o s t  comprehensive 

d a t a  t h a t  is c u r r e n t l y  a v a i l a b l e  C5). Data f o r  e a c h  s t u d y  county ,  t h e  f o u r -  

county t o t a l ,  and t h e  s t a t e  a r e  p r e s e n t e d  i n  Tab le  1. For  t h e  p u r p o s e s  o f  

t h i s  d i s c u s s i o n ,  "on-s i te"  sys tems  a r e  d e f i n e d  t o  i n c l u d e  e v e r y t h i n g  under  
, 

t h e  "Wastewater ~ r e a t m e n t "  c a t e g o r y  i n  Tab le  1 excep t  p u b l i c  sewers .  
- 1 

Haywood County h a s  t h e  h i g h e s t  and Graham County h a s  t h e  l o w e s t  amounts 

w i t h  r e s p e c t  t o :  

o  t h e  t o t a l  number o f  homes 

o  t o t a l  number of homes w i t h  o n - s i t e  sys tems 

o  t h e  t o t a l  number of homes w i t h  p u b l i c  sewer sys tems 

o  t h e  r e l a t i v e  p e r c e n t a g e  of homes w i t h  p u b l i c  sys tems  

Macon and Jackson have i n t e r m e d i a t e  numbers of homes s e r v e d  by p u b l i c  on- 

s i t e  sewer sys tems.  

The r e l a t i v e  p e r c e n t a g e  of homes w i t h  o n - s i t e  was tewate r  d i s p o s a l  

sys tems f o r  each s t u d y  county  on a  township b a s i s  is  shown i n  Appendix A. 

The m a j o r i t y  of townships  i n  e a c h  coun ty  a r e  se rved  e n t i r e l y  by o n - s i t e  

d i s p o s a l  sys tems.  The mean d e n s i t y  of houses  w i t h  o n - s i t e  sys tems  on  a 

county and township b a s i s  i s  p r e s e n t e d  i n  Appendix B. A surrpnary of t h e  

d a t a  i s  p r e s e n t e d  i n  Tab le  2 .  Haywood County has  t h e  g r e a t e s t  a v e r a g e  

c o n c e n t r a t i o n  of o n - s i t e  sys tems ,  and Graham h a s  t h e  l o w e s t .  The d e n s e s t  

- a r e a s  of o n - s i t e  sys tem u t i l i z a t i o n  occur  around t h e  major  p o p u l a t i o n  



Table 1 

Housing, Water Supply and Wastewater Treat~ent Inventory, 

Housing 
All Housing Units 

Vacant -- Year Round, )Units 
Seasonal and migratory+)%** 

Year Round Housing Units 

XoSile Home) Unlts 
or Trailer ) %+t 

Water Supply 
Public Svsten or) Units 
Private Company ) XU 

Individual Well) Units 
) x* 

Springs, Other) Units 
) %* 

Wastewater Treats% 
Public Sewer) Units 

%* 
Septic System or) Units 
Cesspool ) %++ 

No Flush Toilet) Units 
%++ 

Other **+ Units 
x++ 

County 
Graham Haywood Jackson Macon 

8,446 

3,249 
38% 

6,386 

423 
7% 

.1,572 
25% 

2,993 
47% 

1,823 
29% 

1,054 
16% 

4,153 
65% 

1,094 
17% 

8 7 
1% 

1970* 

4-County 
Total 

33,258 

6,821 
2 1% 

29,733 

2,198 
7 4: 

11,665 
39% 

9,269 
31% 

8,774 
30% 

7,586 
26% 

17,206 
58% 

3,997 
13% 

919 
3% 

State 

1,641,194 

131,630 
8 % 

1,619,548 

77,382 
5% 

881,365 
54% 

659,159 
41% 

78,755 
52 

I 

733,848 
45% 

867,512 
42% 

189.772 
12% 

8.087 
1 X  

*Source: U. S. Department of Commerce, Bureau of the Census, Census of Housing, 1970; Detailed liousing Characteristics; North Carolina 
Final Report HC (1)-B 35. 

+IncZudes second homes, seasonal homes, migratory workers' homes, weekend homes, vacant homes, etc .  
** Percentage is with respect to all housing units. 
Mercentage is with respect to year-round housing units. 
*** "Other" may represent "straight-piping ," or running wastes directly to creek. 



County Averages 

County 

Graham 

Table 2: Density of On-site Wastewater System Utilization* 

Macon 

Jackson 

Haywo o d 

Townships with Highest 
On-site system density 

County 

Jackson 

\-1' 

Haywood 

Macon 

Haywood 

Jackson 

Jackson 

Regional Averages: 
4-County Total 

Triangle J region 
6-County TotalA* 

Township 

Sylva 

Clyde 

Pigeon 

Franklin 

Waynesville 

Webster 

Dillsboro 

Homes Using On-site Wastewater 
Treatment Systems Per Square Mile 

"Source: 1970 Census of Housing and ~lanimetry of Township areas. 
8' - 
\,---'Derived from Triangle J Council of Government Individual Wastewater Project Task A 

Report (6). 



cscnLitrs, d c s p i t r  t h e  f a c t  t h a t  t h e w  a r e a s  a r e  a l s o  s e r v e d  by p u b l i c  sewers .  
\ -,' 

A d e n s i t y  con~par i son  w i t h  t h e  s ix -county  " T r i a n g l e  J" r e g f o n  i n  t h e  

v i c i n i t y  of Ra le igh ,  one of t h e  most d e n s e l y  p a r t s  of North 

C a r o l i n a , i s  a l s o  p r e s e n t e d  i n  Table  2.  The mean d e n s i t y  of o n - s i t e  waste- 

w a t e r s y s t e m s i n  t h e  s t u d y  a r e a  i s  about  two- th i rds  of t h e  mean concen- 

t r a t i o n  i n  t h e  T r i a n g l e  J r e g i o n .  

Given t h e  l a r g e  amount o f  l a n d  i n  p u b l i c  ownership  i n  t h e  mounta ins ,  

t h e  d e n s i t y  of o n - s i t e  homes i s  compara t ive ly  h i g h .  Haywood County, t h e  

most d e n s e l y  popula ted  coun ty  i n  t h e  w e s t e r n  North  C a r o l i n a  s t u d y  a r e a ,  

had a n  o n - s i t e  hone d e n s i t y  i n  1970 n e a r l y  e q u i v a l e n t  t o  t h a t  o f  Orange 

County i n  t h e  T r i a n g l e  J r e g i o n .  

Types of Systems 

On-s i te  wastewater  sys tems used i n  t h e  r e g i o n  i n c l u d e  s e p t i c  t a n k  

sys tems ,  p r i v i e s ,  s t r a i g h t - p i p e s  and no system a t  a l l .  The s t e r e o t y p e  of 

t h e  mountain  home w i t h  an  ou thouse  perched o v e r  a  gush ing  s t r e a m  h a s  a l l  
#' -- b u t  faded  i n t o  h i s t o r y .  The e x t e n t  of v a r i o u s  o n - s i t e  sys tem usage  accord-  
\-," 

i n g  t o  t h e  1970 Census is  shown i n  Tab le  3 .  

There  is  c o n s i d e r a b l e  g e o g r a p h i c a l  v a r i a b i l i t y  i n  t h e  t y p e s  o f  waste-  

w a t e r  sys tems u t i l i z e d  i n  t h e  r e g i o n .  The r e l a t i v e  number of homes i n  each  

township i n  t h e  s tudy  a r e a  c o u n t i e s  which have no f l u s h  t o i l e t s  ( i . e . ,  which 

u t i l i z e  a  p r i v y  o r  do n o t  have any wastewater  t r e a t m e n t  sys tem) a s  of 1970 

are shown i n  Appendix C.  There  s t i l l  a r e  many a r e a s  where peop le  do n o t  

have plumbing c o n n e c t i o n s t o a  sewage d i s p o s a l -  system: i n  f i v e  townships  

o v e r  45% of t h e  homes had no f l u s h  t o i l e t s .  

The u s e  o f  p r i v i e s  i n  t h e  s t u d y  a r e a  is  about  as common a s  i t  i s  

s ta te -wide .  About 1 , 0 0 0 , o r  3%,of t h e  homes i n  t h e  s t u d y  a r e a  s t r a i g h t - p i p e  

t h e i r  raw sewage t o  t h e  n e a r e s t  s t r eam.  The p r o p o r t i o n  of homes s t r a i g h t -  

p i p i n g  i n  t h e  s t u d y  a r e a  i s  over  f i v e  times h i g h e r  t h a n  t h e  r a t e  s t a t e -  

wide. The f o u r  s t u d y  c o u n t i e s  accounted f o r  abou t  12% of t h e  homes es- 

t ima ted  t o  be  s t r a i g h t - p i p i n g  throughout  t h e  s ta te .  

There  i s  a  g r e a t  v a r i a b i l i t y  between and w i t h i n  c o u n t i e s  i n  t h e  e x t e n t  

of s t r a i g h t - p i p i n g .  The d i s t r i b u t i o n  of s t r a i g h t - p i p i n g  by township i s  



Tab1.e 3. Types of On-site Wastewater Treatment Systems Used in 1970" 

Total Year-round 
Houses 

Public Sewer 

Septic System 
(%I 

Privy or no toilet*" 
(a 

4-County 
Graham Haywood Jackson Macon Total State 

*Source: 1970 Census of Housing ( 5 ) .  

**Computed from the number of homes without flush toilets. 

*Jc*Computed from the number of homes without public sewage or septic systems, 
minus the privy or no-toilet estimate. 



\ s t low jn  Appendix D. Macon County h a s  t h e  lowes t  and Graham County t h e  

h i g h e s t  pe rcen tage  of homes s t r a i g h t - p i p i n g ,  S t r a i g h t - p i p i n g  o c c u r s  

throughout  Graham County, w h i l e  i n  Haywood county s t r a i g h t - p i p i n g  o c c u r s  

p r i m a r i l y  i n  t h e  n o r t h w e s t e r n  p a r t  of t h e  coun ty ,  i n t o  s t r e a m s  d r a i n e d  

by t h e  Pigeon River  below t h e  Champion Paper  Company's d i s c h a r g e .  S t r a i g h t -  

p i p i n g  o c c u r s  i n  many p o r t i o n s  of Jackson  County, w i t h  t h e  g r e a t e s t  con- 

c e n t r a t i o n s  i n  C a s h i e r s ,  Caney Pork ,  B a r k e r ' s  Creek,  Greens Creek,  and 

Savanah townships .  

S e p t i c  t a n k  systems a r e  t h e  most commonly used o n - s i t e  w a s t e w a t e r  treat- 

ment sys tems i n  

t h e  s e p t i c  t a n k  

t h e  r e g i o n .  There i s  g r e a r  v a r i a b i l i t y  i n  t h e  c h a r a c t e r i s t i c s  of 

sys tems i n  u s e .  Old sys tems  common i n  t h e  r e g i o n  i n c l u d e :  

t h e  sys tem of s t r a i g h t - p i p i n g  d i r e c t l y  from t h e  s e p t i c  
t a n k  t o  an  e m b a n b e n t  o r  c r e e k  

t h e  p i t  system,where a p i t  is  dug d i r e c t l y  a f t e r  t h e  
s e p t i c  t a n k  o r  a t  t h e  end of a  d r a i n - l i n e  w i t h  t h e  
c a p a c i t y  t o  ho ld  one o r  two t r u c k  l o a d s  of g r a v e l  

t h e  dynamite  sys tem,  where t a n k  and p i t  a r e  b l a s t e d  i n t o  
r o c k  ( t h i s  method was f r e q u e n t l y  used  i n  t h e  Highlands-  
C a s h i e r s  a r e a )  

S i n c e  t h e  Ground Absorp t ion  Sewage D i s p o s a l  System Act o f  1 9 7 3  h a s  

been enforced ,  t h e  s t a n d a r d s  of s e p t i c  system d e s i g n  and c o n s t r u c t i o n  have 

become more uniform,  r e g i o n a l l y  and s ta te -wide .  S i n g l e  compartment s e p t i c  

t a n k s  a r e  used i n  a l l  of t h e  s t u d y  c o u n t i e s ,  w i t h  a  s a n i t a r y  t e e  a t  t h e  

o u t f l o w  end of t h e  t ank .  D i s t r i b u t i o n  boxes a r e  a l s o  s t a n d a r d  i n  e a c h  

county.  Haywood and Jackson  r e q u i r e  w a t e r  leveling of t h e  d i s t r i b u t i o n  

box w h i l e  a  s a n i t a r i a n  is  p r e s e n t .  

From t h e  d i s t r i b u t i o n  box, w a t e r  f l o w s  by g r a v i t y  th rough  s t a n d a r d  

four - inch  sep t ic - sys tem p i p e  i n t o  beds o r  t r e n c h e s .  Haywood and Macon 

Count ies  approve beds v e r y  i n f r e q u e n t l y  a s  a l a s t  r e s o r t  f o r  a  r e p a i r .  

R e l a t i v e l y  more bed sys tems  a r e  i n s t a l l e d  i n  Graham and Jackson  C o u n t i e s .  

Step-downs a r e  n o t  commonly used i n  t h e  r e g i o n .  P i t s  a r e  now n o t  r e g u l a r l y  

p e r m i t t e d  bu t  a r e  s t i l l  sometimes recommended f o r  s e p a r a ~ e d  washing machine 

d r a i n - l i n e s  i n  Jackson  County. 

Trends  i n  U t i l i z a t i o n  

An a c c u r a t e  e s t i m a t e  of hous ing  growth i n  t h e  r e g i o n  and of t h e  



, 
increased  usage of on-s i te  wastewater t rea tment  systems w i l l  not  be 

p o s s i b l e  u n t i l  t h e  1980 Census r e s u l t s  a r e  r e l ea sed .  Based on t h e  r eco rds  

of the numbers of new s e p t i c  systems i n s t a l l e d  and e s t ima te s  of t h e  in- 

c rease  i n  t h e  number of homes served by pub l i c  sewer systems s i n c e  1970, 

approximately 90% of t h e  new homes b u i l t  i n  t h e  s tudy reg ion  from 1970 t o  

1980 u t i l i z e  on - s i t e  wastewater t rea tment  systems. I f  t h i s  e s t ima te  i s  

c o r r e c t ,  n e a r l y  80% of t he  homes i n  t h e  s tudy  r eg ion  now depend on on - s i t e  

wastewater t reatment  systems. 

The i n c r e a s e  i n  t h e  number of homes i n  each county served by s e p t i c  

systems from 1970 t o  1978 i s  shown i n  Tables  4 and 5. The mean annual  

growth r a t e  of on-s i te  systems i n  t he  fou r  s tudy  a r e a  coun t i e s  of 5.8% 

is  s l i g h t l y  higher  than the  r a t e  f o r  t h e  s t a t e  a s  a  whole. The per- 

c a p i t a  r a t e  of new s e p t i c  system i n s t a l l a t i o n s ,  however, was 75% hfgher  i n  

the  s tudy reg ion  than the  r a t e  of growth s ta tewide .  Of t h e  f o u r  coun t i e s ,  

Macon had t h e  g r e a t e s t  number of new systems i n s t a l l e d  a s  w e l l  a s  t h e  high- 

e s t  mean annual  and per -capi ta  growth r a t e .  

The d i s t r i b u t i o n  of new r e s i d e n t i a l  c o n s t r u c t i o n  us ing  s e p t i c  systems 
\ 1 

wi th in  each county i s  shown i n  Appendix E. I n  each county,  most of t h e  new 

homes a r e  being b u i l t  where t h e r e  a l r eady  a r e  concen t r a t ions  of homes, bu t  

t h e r e  a r e  a l s o  s i g n i f i c a n t  amounts of cons t ruc t ion  tak ing  p l ace  county-wide. 

I n  Table 6 some c h a r a c t e r i s t i c s  of new homes us ing  s e p t i c  systems i n  

t h e  s tudy reg ion  a r e  s u m a r i z e d ,  based on an  a n a l y s i s  of bu i ld ing  permi ts  

and h e a l t h  department completion permi ts  f o r  r e c e n t  yea r s .  Mobile homes 

make up a  s i g n i f i c a n t  p o r t i o n  of t h e  new homes i n  each s tudy  a rea  county 

and account f o r  nea r ly  ha l f  of t h e  new homes i n  Haywood County. Many of 

the new ind iv idua l  homes i n  t h e  reg ion  a r e  being cons t ruc t ed  i n  subdiv is ions .  

The percentage i s  g r e a t e s t  i n  Haywood County. 

The d i s t r i b u t i o n  of subd iv i s ion  l o t s  r e g i s t e r e d  from 1975 t o  1979 i n  

each county i s  shown i n  Appendix P and summarized i n  Table 7 .  Subdivis ion 

r e g i s t r a t i o n  has decreased i n  a l l  coun t i e s  s i n c e  1977. Of t h e  fou r  s tudy  

a r e a  coun t i e s ,  Haywood County has had by f a r  t he  g r e a t e s t  number of l o t s  

r e g i s t e r e d .  Consistently more l o t s  a r e  r e g i s t e r e d  each year  than  a r e  being 

developed. Based on a  rough c a l c u l a t i o n ,  i n  1978 t h e r e  were t h r e e  t imes 

more subdiv is ion  l o t s  r e g i s t e r e d  than t h e r e  were l o t s  developed. 



Year 

1970  

1.9 7 1 

197 2 

1973  

1974 

1975  

1976 

1977 

1978 

T o t a l ,  1970-1978 

T a b l e  4 

S e p t i c  Sys tem A p p r o v a l s ,  1970  - 1978* 

Graham Haywood J a c k s o n  Macon 
4-county 
T o t a l  

325 

529 

819 

1 , 1 3 3  

1 , 9 4 0  

1 , 7 0 2  

2,476 

2 , 2 5 3  

1 , 9 3 9  

1 3 , 1 1 6  

S t a t e  

37 ,918 

43 ,468  

52 ,549  

5 7 , 7 0 5  

54 ,484 

4 3 , 8 1 3  
I 

50 ,323  

48 ,680  

51 ,087  

440,027 

*Source:  D i v i s i o n  o f  H e a l t h  S e r v i c e s ,  S a n i t a t i o n  Branch  R e c o r d s .  



All housing units* 

Homes with on-site 
wastewater disposal, 1970** 

New septic system 
icstallations, 1970-1978*** 

Estimated number of homes 
with on-site wastewater 
disposal, 197% 

Table 5 

Estimated Growth of Homes Using Septic Systems 

&county 
Graham Haywood Jackson Macon Total State 

Mean annual growth rate, Xi+ 5.5% 5.0% 5.0% 7.9% 5.8% 5.4% 
Population, 1978* 6,726 44,673 25,853 19,219 96,471 ' 5,678,621 
Per capita growth rateV 0.16% 0.10% 0.11% 0.26% 0.14% 0.08 

*: U. S. Census of Housing 
**:Extrapolated from U. S. Census of Housing 

***$ Division of Health Services, Sanitarian Branch Records 
+: Row 2 plus Row 3 ( a rough estimate) 

C+: Row 3 divided by Row 2, multiplied,by 100, divided by 9 years 

+W-: Estimate for July 1, 1978, by Office of State Planning, North Carolina Department of Administration 

v: Row 3 divided by Row 6 



Table 6 

Characteristics of New Homes 
Using Septic Systems 

General 

Mobile Homes, %* 

Individual Homes, %* 

Individual Homes 
in Subdivisions, %** 

Water Supply 

Public System, %+ 

Well, %+ 

Spring, %+ 

Graham Haywood Jackson 

Water Supply of 
Existing Homes Using 
Septic Systems, 1 9 7 W  

- Public System, % 16% 

,. 1 
Well, % 10% 

Spring, % 74% 

Macon 

* Sources: Health Department completion certificates, Graham County, 1976-1980, and 
Jackson County, 1978-1980. Building permit records, 1975-1979, Haywood 
and Macon Counties. 

** Sources: Health Department completion certificates, Jackson County, 1978-1980 and 
Macon County, 1979-1980, Building Permit Records, Haywood County, 1978-1979. 

+ Sources: Health Department completion certificates, Haywood and Jackson Counties, 
1978-1980, and Macon County, 1979-1980. 

ft- extrapolated from 1970 Census of Housing. 

NA - data not available. 



County 

Graham 

Haywood 

Jackson 

Macon 

- Total 

\ ,  , / 

Table 7 

Subdivision Lots Registered from 1975 to 1979" 

Year 

----------------- Subdivision Lots Registered----------------- 

*Information obtained from Register of Deeds office in each county courthouse. 



Table 6 a l s o  shows the  t rend  i n  t h e  types of water  supply systems 

serv ing  homes on s e p t i c  systems. An i nc reas ing  percentage of homes is  

us ing  pub l i c  water  systems and p r i v a t e  w e l l  systems. Springs a r e  s t i l l  

used, however, i n  many of t h e  new homes cons t ruc t ed  i n  Graham, Haywood, 

and Jackson coun t i e s .  

PROBLEMS WITH SEPTIC SYSTENS 

A summary of t h e  problems encountered wi th  s e p t i c  systems i n  t h e  fou r  

s tudy a r e a  coun t i e s  is  presented  i n  Table 8. Based on in t e rv i ews  w i t h  county 

s a n i t a r i a n s ,  i t  i s  roughly es t imated  t h a t  2,500 homes (6%) i n  t h e  s tudy  a r e a  

have f a i l i n g  systems, due t o  s i t e ,  i n s t a l l a t i o n  and maintenance problems. 

Major s i t e  problems i d e n t i f i e d  were excess ive  s lope ,  h igh  water t a b l e  o r  

shal low depth  of s o i l  t o  bedrock, poor s i t e  dra inage  and i n s u f f i c i e n t  

l o t  s i z e .  Level ing of t h e  d i s t r i b u t i o n  box was t h e  most f r e q u e n t l y  c i t e d  

i n s t a l l a t i o n  problem. Lack of r e g u l a r  s e p t i c  tank  pumping and excess ive  

use of water  were the  major maintenance problems i d e n t i f i e d .  Problems 
/-  

\-/ 
occur most f r equen t ly  i n  subd iv i s ions  and second home developments, es- 

p e c i a l l y  i n  densely populated a r e a s  developed p r i o r  t o  enforcement of t h e  

c u r r e n t  s e p t i c  system r e g u l a t i o n s .  

The rugged mountain t e r r a i n  i s  a major f a c t o r  l i m i t i n g  t h e  amount of 

land i n  t h e  reg ion  t h a t  i s  s u i t a b l e  f o r  e f f e c t i v e  long-term s e p t i c  system 

opera t ion .  The s u i t a b i l i t y  of land i n  each county f o r  convent iona l  s e p t i c  

systems, based on t h e  S o i l  Conservation  service*^ s o i l  a s s o c i a t i o n  maps i s  

shown i n  Appendix G .  The amount of land i n  each c a p a b i l i t y  c l a s s  i s  sum- 

marized i n  Table 9 .  From 69% t o  93% of t h e  l and  i n  t h e  f o u r  s tudy  a r e a  

coun t i e s  has  severe  l i m i t a t i o n s  f o r  convent iona l  s e p t i c  systems. The most 

severe  l i m i t a t i o n s  occur i n  Graham County, where approximately 90% of t h e  

land has s lopes  g r e a t e r  than  30% ( 7 ) .  I n  comparison, between 30% and 50% 

of t h e  land wi th in  t h e  six-county Tr i ang le  J reg ion  is  u n s u i t a b l e  f o r  con- 

v e n t i o n a l  s e p t i c  systems (6) , 

CONSEQUENCES OF SEPTIC SYSTEM INADEQUACIES 

7 
Water Supply Contamination 

,%.-/ Contamination of d r ink ing  water supp l i e s  w i t h i n  t h e  reg ion  i s  a s s o c i a t e d  



Table 8 

Septic System Problems*: 

------------------- Counties ....................... 
Graham Haywood Jackson Macon 

1. Site ratings for septic 
systems in county: 
suitable lots None Few None None 
provisionally suitable lots All Most All Most 
unsuitable lbts 

2. Estimated rate of septic 
system failure in county 

3. Amount of health department 
staff time spent on 
rehabilitation of failing 
systems, as compared to 
installing new systems 

4. Site problems in county: 
excessive slope 
high water table 
poor site drainage 
insufficient lot size 
tight soils 
shallow depth to bedrock 
cut & fill 

5. Installation problems: 
septic tank leveling 
distribution box leveling 
absorption lines 

6. Maintenance problems 
infrequent pumping 
excessive use of water 

7. Special problems 
subdivisions 
mobile home parks 
second home development 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 

Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 
Yes 

Yes 
Yes 

Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes Yes 

*Information derived from interviews with sanitarians in each of the studv area counties. 



T a b l e  9 

S o i l  S u i t a b i l i t y  Class Graham Haywood Jackson  Macon 
(% of  County Land w i t h i n  S u i t a b i l i t y  C l a s s )  

S l i g h t  t o  Moderate 2.2 3.0 2.0 

,' - Moderate t o  Severe ,  due t o  4.7 14.1 17.2 

-1 

S l o p e  

Moderate t o  Severe ,  due t o  - 1 . 9  11.8 
S l o p e  and Rock 

S e v e r e ,  due t o  S lope  54.3 41.4 35.0 

S e v e r e ,  due t o  S lope  and 38.0 37.6 32.0 
Rock 

S e v e r e ,  due t o  F lood ing  - .8 .8 

Severe ,  due t o  F lood ing  
and High Water T a b l e  

"Source: S o i l  I n t e r p r e t a t i o n s o f  Genera l  S o i l  Maps f o r  each coun ty ,  p r e p a r e d  
by t h e  US S o i l  Conserva t ion  S e r v i c e ,  o b t a i n e d  from D i s t r i c t  o f f i c e s  
i n  Waynesvi l le ,  Sy lva ,  F r a n k l i n  and R o b b i n s v i l l e .  



with  inadequate  on-s i te  sewage d i s p o s a l  and inadequate ly  p r o t e c t e d , o r  

otherwise u n s a t i s f a c t o r y ,  s u r f a c e  water ,  well, and s p r i n g  f a c i l i t i e s .  A 

cu r r en t  e s t ima te  o f  t he  number o f  homes us ing  each major type of water  

supply system i n  the f o u r  s tudy a r e a  coun t i e s  is  shown i n  Table 10. 

Ind iv idua l  Water Suppl ies  

Ind iv idua l  water systems a r e  depended upon by over 60% of t h e  homes 

i n  t h e  reg ion ,  vary ing  from 44% of t h e  homes i n  Haywood County t o  82% of 

t h e  homes i n  Graham County, Statewide,  i n d i v i d u a l  systems a r e  used i n  

46% of t he  homes, according t o  t h e  1970 Census of Housing. The d i s t r i -  

bu t ion  of homes us ing  i n d i v i d u a l  water supply systems w i t h i n  each county 

i n  1970 is  depic ted  i n  Appendix H. I n  most townships w i t h i n  t h e  s tudy  area,  

81% t o  100% of t he  homes depend on i n d i v i d u a l  water  supply systems. 

The major types of i nd iv idua l  water  s u p p l i e s  i n  the  s tudy  a r e a  a r e  

d r i l l e d  we l l s ,  bored w e l l s  o r  dug w e l l s ,  and s p r i n g s .  Wells account  f o r  

about 54% of t h e  i n d i v i d u a l  water systems i n  t h e  s tudy  a r e a .  The v a r i a t i o n  
- 

> between s tudy a r e a  coun t i e s ,  however, i s  cons ide rab le  ( see  Table 10 ) .  Wells 
i , , 

account f o r  only 10% of t h e  ind iv idua l  water  s u p p l i e s  i n  Graham County and 

70% of those  i n  Macon County. While i n  t he  p a s t  n e a r l y  a l l  w e l l s  i n  t h e  

reg ion  were dug by hand, d r i l l e d  w e l l s  now account  f o r  n e a r l y  90% of t h e  

w e l l s  c u r r e n t l y  i n  use.  

Springs a r e  used much more f r e q u e n t l y  i n  t h e  r eg ion  than  elsewhere i n  

North Carol ina -- t h e  r a t e  of sp r ing  u t i l i z a t i o n  i s  about  s i x  t imes h ighe r  

i n  t he  s tudy  a r e a  than  i t  i s  s ta tewide .  The d i s t r i b u t i o n  of s p r i n g  useage 

wi th in  each county i s  shown i n  Appendix I .  The d i s t r i b u t i o n  of i n d i v i d u a l  

w e l l  useage can be approximated by comparing t h e  f i g u r e s  i n  Appendix I 

wi th  those  which d e p i c t  t h e  d i s t r i b u t i o n  of a l l  i n d i v i d u a l  water  systems i n  

Appendix H. Both s p r i n g s  and w e l l s  predominate i n  a number of townships i n  

a l l  bu t  Graham County, where sp r ings  a r e  uniformly t h e  most f r equen t ly  

u t i l i z e d  i n d i v i d u a l  drinking-water systems,  

Very l i t t l e  information i s  a v a i l a b l e  on t h e  degree  t o  which i n d i v i d u a l  

water supply systems a r e  contaminated i n  t h e  r eg ion .  Information on t h e  

ex t en t  t o  which contamination problems a r e  caused by inadequate  s e p t i c  

\ ,  



. 
Type of System 
and Source 

Total Homes 

Individual Systems 

Wells 

Springs 

Public Systems 

Surf ace-A-I>k 

Surface-A-11"" 

Wells 

Springs 
- 

, 

Table 10 

Graham 

3,950 

Haywood Jackson Macon 

13,350 

4-County 
Total 

"Sources: Estimates derived from 1970 Census of Housing, septic tank completion 
permits, building permits, and records from area wastewater treatment 
plants and public water systems. 

**Surface-A-I: Surface water source draining an uninhabited watershed and 
requiring minimal treatment. 

**>kSurface-A-11: Surface water source draining an inhabited watershed, requiring 
treatment. 



systems, and on r e l a t e d  h e a l t h  problems i s  a l s o  l imi t ed .  There a r e  ind ica-  

t i o n s ,  however, t h a t  hazardous cond i t i ons  e x i s t  which a r e  a t  l e a s t  p a r t l y  

a t t r i b u t a b l e  t o  on-s i te  sewage t rea tment  problems. 

Cases of g i a r d i a s i s ,  s h i g e l l o s i s ,  h e p a t i t i s ,  sa lmonel los i s ,  amebiosis  

and typhoid were repor ted  from t h e  s tudy a r e a  coun t i e s  between 1974 and 1978 

(8). These a r e  a l l  d i s e a s e s  which occurred n a t i o n a l l y  dur ing  t h e  1970's  

i n  water - re la ted  d i s e a s e  out-breaks r epo r t ed  t o  t h e  Center f o r  Disease 

Control ( 9 ) .  

Resu l t s  from a l l  samples of i n d i v i d u a l  dr inking  water  s u p p l i e s  taken 

by each county h e a l t h  department s i n c e  1976 were t abu la t ed  t o  e s t i m a t e  t h e  

ex t en t  and d i s t r i b u t i o n  t o  water  supply contamination i n  t h e  s tudy  a r e a .  

A p r i v a t e  water  system i n v e s t i g a t i o n  w i l l  be  made by t h e  county h e a l t h  de- 

partment upon r eques t ,  which inc ludes  the  a n a l y s i s  of t h e  water  f o r  bac- 

t e r i a l  and sometimes f o r  chemical contaminants,  While t h i s  cannot  be as- 

sumed t o  provide a sys t ema t i c  sampling of a l l  water  systems i n  a county, 

i t  i s  the  only r e l e v a n t  d a t a  a v a i l a b l e  and g ives  a t  l e a s t  a rough i n d i c a t i o n  

of t h e  n a t u r e  of contaminat ion problems. Resu l t s  a r e  summarized i n  Table 11. 

The most s t r i k i n g  f i n d i n g  i s  t h e  r e l a t i v e l y  high percentage  of s p r i n g s  

which appear t o  be contaminated i n  t h e  s tudy  a r e a .  The smal l  v a r i a t i o n  be- 

tween coun t i e s  i n  t h e  percentage of sp r ing  samples p o s i t i v e  f o r  co l i fo rms  

(68% t o  78%) sugges ts  t h a t  sp r ing  contamination i s  a s i g n i f i c a n t  problem 

regionwide. Data from Haywood and Macon coun t i e s  a l s o  i n d i c a t e  t h a t  a 

s u b s t a n t i a l  p o r t i o n  of t h e  dug w e l l s  analyzed a r e  contaminated. Due t o  t h e  

frequency of sp r ing  u t i l i z a t i o n  wi th in  t h e  reg ion ,  sp r ing  concamination is 

considered t o  be the  most s i g n i f i c a n t  p o t e n t i a l  pub l i c  h e a l t h  problem. 

The d i s t r i b u t i o n  of p o s i t i v e  water  samples taken from s p r i n g s  and w e l l s  

w i th in  each county is  shown i n  Appendix J .  I n  gene ra l ,  most problems ap- 

pear  t o  be accu r r ing  near  t h e  more densely populated p a r t s  of each county. 

Spring contamination occurred most f r equen t ly  i n  Cheoah and Stecoah townships 

i n  Graham County; Waynesville,  Ivy  H i l l s ,  and Beaverdam townships i n  Haywood 

County; Sylva, D i l l s b o r o ,  and Cullowhee townships i n  Jackson County; and 

Mi l l shoa l  and Highlands townships iJ Nacon County. Well contamination 

occurred mcst f r e q u e n t l y  i n  Cheoah Township i n  Graham County; Waynosville 

a n i  Pigeon townships i n  Haywood County; Quai la ,  Sylva and C r s h i s r s  townships 



Type of System 

All Wells 
Samples Analyzed 
Total 
Positive for Coliform, Number 
Posi-tive for Coliform, % 

Drilled Wells 
Samples Analyzed 
Total 
Positive for Coliform, Number 
Positive for Coliform, % 

Dug Wells 
Samples Analyzed 
Total 
Positive for Coliform, Number 
Positive for Coliform, % 

Table 11 
Private Drinking Water Samples, 1976 - 1979* 

All Springs 
Samples Analyzed 
Total 
Positive for Coliform, Number 
Positive for Coliform, % 

Graham Haywood Jackson 

*Data from records at each county's health department. 
** Data for drilled and dug wells not distinguished in the records for these counties. 

4-Coun ty. 
Macon Total 



i n  Jackson County; and F rank l in  Township i n  Macon County, 
\. , 

Public  Water Suppl ies  

Community and non-community p u b l i c  water  s u p p l i e s  have problems due t o  

inadequate  p r o t e c t i o n  from sewage, a s  w e l l  a s  t o  poor des ign  and cons t ruc t ion ,  

and t o  i r r e g u l a r  i n s p e c t i o n  and maintenance. "publ ic  water  suppl ies" ,  a s  

def ined  by t h e  Safe  Drinking Water Act of 1974, i nc lude  a l l  s u p p l i e s  which 

se rve  15  o r  more connect ions o r  25 o r  more people a t  l e a s t  60 days of t he  

year (10).  A pub l i c  water supply i s  des igna ted  a  "community" system i f  i t  

serves  year-round r e s i d e n t s .  Otherwise, t h e  supply i s  considered t o  be  a 
I t  non-comrnuni ty"  system. 

The l o c a t i o n a n d  d e t a i l e d i n f o r m a t i o n  on each p u b l i c  water  system i n  t h e  

s tudy a r e a  a r e  presented  i n  Appendix K. An e s t ima te  of t h e  number of homes 

served by v a r i o u s  types of pub l i c  water  s u p p l i e s  appea r s  i n  Table 10.  A 

ma jo r i t y  of t h e  homes o n p u b l i c  water  systems i n  t h e  s tudy  a r e a  depend on 

s u r f a c e  water sources ,  h igh l igh t ing  one of t h e  major demands placed on t h e  

/' -\ 

r e g i o n ' s  water resources .  Wells and s p r i n g  sources  a r e  tapped by a l l  of 

\,.-- 1 the  smal l  pub l i c  systems but  s e rve  only 30% of the  homes connected t o  

pub l i c  systems i n  t h e  reg ion .  A l l  major municipal  water  systems depend on 

su r f ace  water sources .  Cherokee and Sylva a l s o  have w e l l s  t o  supplement 

t h e i r  su r f ace  s u p p l i e s ,  and Jackson county ' s  new water  system depends en- 

t i r e l y  on wel l s .  

The genera l  cond i t i on  of t h e  p u b l i c  water  systems i n  each county i s  sum- 

marized i n  Table 12.  Approximately 57% of t he  systems i n  t h e  reg ion  a r e  i n  

good cond i t i on  and 16% a r e  i n  poor cond i t i on ,  Water s u p p l i e s  i n  Macon County 

a r e  i n  the  b e s t  condi t ion ,  w i t h  Graham having t h e  h i g h e s t  percentage  -- 33% -- 
and Haywood having the g r e a t e s t  number -- 4  -- of poor systems. Robbins- 

v i l l e ' s  cu r r en t  s u r f a c e  water  supply system is  the  worst  pub l i c  system i n  

the  s tudy a r e a  t h a t  s e r v e s  a  s u b s t a n t i a l  number of people.  With t h e  ex- 

cep t i o n  of Robbinsvi l le  ' s sys  tern, t he  pub l i c  s u p p l i e s  dependent on s p r i n g s  

a r e  i n  t he  poores t  condi t ion .  Three of t h e  f i v e  worst  sp r ing  systems occur 

i n  Macon County. A s u b s t a n t i a l  number of w e l l  systems a r e  a l s o  i n  f a i r  o r  

poor condi t ion .  Well systems a r e  t he  most commonly used pub l i c  water 



( r 
Table 12 

Condition Assessment of Public Water Supply Systems* 

Four-County 
Jackson Macon Total Graham Haywood 

All Public Systems 
Condition: 
Good 
Fair 
Poor 

Surface Source Systems 
Condition: 
Good 
Fair 
Poor 

Spring Source Systems 
Condition: 
Good 
Fair 
Poor 

Well Source Systems 
Condition: 
Good 
Fair 
Poor 

"Assessment derived by evaluating records on each water system at the Division of Health 
Services regional office in Black Mountain, N.C. Details on each system appear in 
Appendix K. 

** A number of public well systems in Jackson County were not included because sufficient 
information on their condition was not available. 



supp l i e s  i n  t r a i l e r  parks ,  subd iv i s ions ,  and second homes and seasona l  de- 

velopments. 

A summary of t he  problems and the  a p p r w a l  s t a t u s  of pub l i c  water  sys- 

tems i n  each county is  shown i n  Table 13 ,  The most common water  system 

problems a r e :  

o  poor water q u a l i t y  

o an inadequate  q u a n t i t y  of water  

o  poorly b u i l t ,  o l d ,  and outmoded systems 

o poorly s e l e c t e d  o r  inadequate ly  p ro t ec t ed  w e l l  and s p r i n g  
s i t e s  

o  poor maintenance 

About one-third of t h e  water  systems have v i o l a t e d  t h e  co l i form o r  monitor- 

ing s tandards  under t h e  North Carol ina Sa fe  Drinking Water Act. Less  than  

ha l f  of t he  water  systems i n  t he  reg ion  have had t h e i r  des igns ,  plans,and 

s p e c i f i c a t i o n s  approved by t h e  Div is ion  of Heal th Serv ices .  

contamination l e v e l s  measured i n  many of t h e  s t reams which a r e  u t i l i z e d  

a s  s u r f a c e  supply-sources i s  a major a r e a  of concern i n  t h e  reg ion .  The 
--, 

l a r g e s t  number of homes served by p u b l i c  water  systems i n  t h e  r eg ion  depend 

on surface-source systems (see Table 10'). Inadequate  s e p t i c  systems up- 

stream of t he  water  supply i n t a k e s  could cause a  p o t e n t i a l  h e a l t h  problem. 

While sources drawing on s t reams c l a s s i f i e d  ' lA-I~ l '  provide ex tens ive  t r e a t -  

ment before  water  is  d i s t r i b u t e d  f o r  p u b l i c  u t i l i z a t i o n ,  t h e  p o t e n t i a l  f o r  

problems e x i s t s  i f  t h e  t rea tment  process  temporar i ly  breaks  down, o r  i f  

c e r t a i n  pathogens and other hazardous subs tances  are not  removed by con- 

ven t iona l  t rea tment  methods. I n  Table 14 a r e  s u m a r i z e d  s i x  months of 

monitor ing d a t a  from t h e  major s u r f a c e  water-supply-sources i n  t he  s tudy  

a rea .  Three of t h e  e i g h t  major surface-source systems i n  t h e  reg ion  de- 

pend on water which f r e q u e n t l y  exceeds s t a t e  raw water  s t anda rds  f o r  A - I 1  

supp l i e s .  

Stream Water Qua l i t y  Degradation 

High q u a l i t y  water  i s  t h e  b a s i s  f o r  many people of t h e i r  a t t r a c t i o n  t o  



Table 13 

Problems, Standard Violations, and Approval 
Status of Public Water Supply systemsA 

Old, Outmoded System 

Poorly Built System 

Poor Well Site 

Watershed Inadequately 
Protected 

Site Not Adequately 
Protected 

No One Responsible 
for System 

Quantity of Supply 
Limited 

Quality of Water 
Frequently Poor 

Distribution System 
Limitations 

Poor Maintenance 

raste and Odor 
Problems 

Iron and Hanganese 

Standards Violations 

Coliform Standard 
Exceeded 

Turbidity Standards 
Exceeded 

Monitoring Requirement 
not met 

*:'c9c 
Ao~roval Status 

Yes 

Graham 

1 

1 

1 

1 

1 

1 

1 

1 

- 

1 

1 

3 

1 

2 

3 

3 

Haywood 

3 

8 

3 

3 

1 

1 

4 

1 

4 

6 

1 

3 

6 

13 

County 

Jackson Macon 4-county total 

8 

15 

7 

;tBased on data from files at Division of Health Services Regional o 
Hountain, N.C. Details on each system appear in Appendix K. 

ffice in Black 

**Violations of North Carolina Safe Drinking Water Act, as of June, 1980 

:k::;kIndicates whether plans and specifications for the system have been approved by the 
Division of Health Services 

\ ,  





'\ * the  western North Carol ina Mountains. Many o p p o r t u n i t i e s  a r e  provided i n  

the  reg ion  t o  f i s h ,  boa t ,  swim, and tube i n  p r i s t i n e  r i v e r s ,  c r eeks  and 

r e s e r v o i r s ,  and t o  h ike ,  p i c n i c ,  and s i g h t s e e  along the  banks of mountain 

waterways. Any degrada t ion  of water  q u a l i t y  a f f e c t s  n e a r l y  everyone l i v i n g  

o r  v i s i t i n g  here.  

The Department of Natura l  Resources and Community Development has  de- 

veloped a  stream c l a s s i f i c a t i o n  system based on t h e  d e s i r e d  u s e  of a  body 

of water ,  t h a t  has  been app l i ed  t o  waterways throughout t h e  s t a t e ,  The 

bas i c  c l a s s i f i c a t i o n s  a r e :  

Class  A-I: S u i t a b l e  a s  a dr inking  water  supply source  a f t e r  
t rea tment  by d i s i n f e c t i o n  only.  

Class  A-11:  S u i t a b l e  a s  a  d r ink ing  water supply source  a f t e r  
ex t ens ive  t rea tment  only.  

Class  B: S u i t a b l e  f o r  ba th ing ,  boa t ing ,  wading, and o t h e r  
forms of r e c r e a t i o n  involv ing  water c o n t a c t  

Class  C: S u i t a b l e  f o r  f i s h  and w i l d l i f e  propagat ion and 
r e c r e a t i o n  no t  involv ing  ex tens ive  water  con tac t  

- 
Trout Water: S u i t a b l e  f o r  t r o u t  f i s h i n g  and managed by t h e  North 

Carol ina Inland F i s h e r i e s  Div is ion  

For each stream c l a s s i f i c a t i o n ,  s t anda rds  a r e  e s t a b l i s h e d  f o r  c e r t a i n  water  

q u a l i t y  parameters which must be met t o  a s s u r e  t h a t  t h e  intended u s e  i s  no t  

impaired. Maps d e p i c t i n g  t h e  c l a s s i f i c a t i o n s  of s t reams i n  t h e  s tudy  a r e a  

coun t i e s  a r e  presented i n  Appendix L .  

Water q u a l i t y  d a t a  c o l l e c t e d  by t h e  Department of Natura l  Resources and 

Community Development, t h e  United S t a t e s  Geological  Survey, and by p o i n t  

source p o l l u t f o n  d i scha rges  were analyzed t o  determine t h e  degree  of water  

q u a l i t y  degradat ion i n  t h e  s tudy  a r e a  and t o  i d e n t i f y  i n s t a n c e s  where deg- 

r ada t ion  may be a t t r i b u t e d  t o  inadequate  s e p t i c  systems. Excessive bacte- 

r i a l  l e v e l s  occur i n  many of t h e  r e g i o n ' s  s t reams,  which could be due t o  in-  

adequate on-s i te  wastewater t rea tment .  

Many f a c t o r s  can cause degrada t ion  of water  q u a l i t y .  Po in t  source  d i s -  

charges from major municipal  and i n d u s t r i a l  wastewater t rea tment  p l a n t s  

o f t e n  cause t h e  most s e r i o u s  zones of degrada t ion .  The Pigeon River i n  

Haywood County a t  one time was considered t o  be one of t h e  most s eve re ly  



degraded r i v e r s  i n  the  na t ion ,  due t o  i n d u s t r i a l  wastewater d i scha rges .  
' -, 

Non-point source p o l l u t i o n  o r i g i n a t e s  from d i f f u s e  a r e a s  throughout t h e  

reg ion  and is. a s soc i a t ed  wi th  the way man uses  t h e  land.  S e d h e n t a t i o n  and 

n u t r i e n t  runoff from cons t ruc t ion  s i t e s  and a g r i c u l t u r a l  l ands  a r e  t h e  most 

s i g n i f i c a n t  non-point source p o l l u t i o n  problems i n  North Caro l ina  (11) .  

For t h e  purposes of t h i s  i n v e s t i g a t i o n ,  inade4uate  s e p t i c  systems a r e  a l s o  

considered t o  be nan-point sources  of p o l l u t i o n .  

A number of parameters  a r e  commonly used a s  measures of water  q u a l i t y ,  

such a s  t h e  concent ra t ions  i n  t h e  water  of d i s so lved  oxygen, suspended s o l i d s ,  

n i t r a t e s ,  phosphates,  a l k a l i n i t y ,  me ta l s  and f e c a l  co l i forms .  Feca l  c o l i -  

form is  t h e  most f r equen t ly  measured parameter t h a t  could be an  i n d i c a t o r  

of non-point source contaminat ion from inadequate  s e p t i c  systems. Without 

f u r t h e r  i n v e s t i g a t i o n ,  however, i t  i s  no t  p o s s i b l e  t o  conclus ive ly  i d e n t i f y  

t he  source of co l i form contamination, s i n c e  co l i form b a c t e r i a  can l i v e  i n  

t h e  i n t e s t i n e s  of many o the r  warm-blooded an imals ,  i n  a d d i t i o n  t o  man. Such 

d e t a i l e d  s t u d i e s  have no t  been made wi th in  the  s tudy  reg ion .  

The l o c a t i o n  and d e t a i l e d  information on water -qua l i ty  monitor ing sta- 

t i o n s  and point-source wastewater d i scha rge r s  i n  each s tudy a r e a  county a r e  

included i n  Appendix M. A summary of t h e  informat ion  c o l l e c t e d  on s t ream 

degradat ion and excess ive  co l i form l e v e l s  due t o  non-point sources i s  pre- 

sented i n  Table 15.  About th ree- four ths  of the  water -qua l i ty  S o n i t o r i n g  

s t a t i o n s  i n  t h e  reg ion  i n d i c a t e  some type  of water  q u a l i t y  degradat ion.  In  

a l l  bu t  Jackson County, non-point sources  a r e  r e spons ib l e  f o r  degraded con- 

d i t i o n s  a t  most of t he  monitor ing s t a t i o n s  i n  t h e  s tudy  a r e a .  

Feca l  co l i form d a t a  a r e  c o l l e c t e d  a t  many of t h e  monitor ing s t a t i o n s  

and by po in t  source d i scha rge r s  upstream and downstream from t h e i r  d i s -  

charges,  a s  p a r t  of the  compliance monitor ing r equ i r ed  by t h e  s t a t e .  The 

l o c a t i o n  of 29 monitor ing s t a t i o n s  and 38 wastewater d i scharge  f a c i l i t i e s  

t h a t  have c o l l e c t e d  f e c a l  co l i form d a t a  were upstream of major municipal  

and i n d u s t r i a l  po in t  source d i scha rge r s .  Water samples from about 80% of 

t hese  s i t e s  f r e q u e n t l y  showed f e c a l  co l i fo rm l e v e l s  t h a t  f a r  exceeded t h e  

I 1  r e c r e a t i o n a l  use" stream s tandard  of t h e  200 co lon ie s  per  100 m i l l i l i t e r s .  



Table 15 

Water Quality Monitoring Stations and 
Wastewater Treatment Facilities: Summary 
of information on stream degradation 
and excessive coliform levels due to 
non-point sources. 

- 4-county 

Graham 
I Haywood Jackson L Macon - Total 

9; 
Water Quality Monitoring 
Stations 

All Stations 15 

Stations showing water 
quality degradation, 
total 9 

-Due to point sources 
only 3 
-Due to non-point 
sources only 4 

-Due to both point 
and non-point sources 2 

Stations where non-point 
source coliform levels 
were sampled 4 

Statfons showing ex- 
cessive non-point 
source coliform levels 100% 

>k f: 
Wastewater Discharge Facilities 

Tot a1 8 

Facilities where non- 
point source coliform 
levels were sampled 3 

Stations showing exces- 
slve non-point source 
coliform levels 67% 9 3% 50% 67% 74% 

"Determined from analysis of data from United States Geological Survey and the Department 
of Natural Resources and Community Development. Detailed information on each station is 
presented in Appendix M. 

ftfcDetermined from analysis of data at Department of Natural Resources and Community Develop- 
ment regional office in Asheville, N.C. Detailed information on each station is 
presented in' Appendix H. 



ALTERNATIVES FOR REDUCING ON-SITE WASTEWATER 
MANAGEMENT PROBLEMS 

There i s  an  a r r a y  of a l t e r n a t i v e s  which can be used t o  reduce problems 

wi th  on-s i te  wastewater management i n  western North Caro l ina .  Scme programs 

could be app l i ed  region-wide, wh i l e  o t h e r s  a r e  a p p l i c a b l e  only  i n  a p a r t i -  

c u l a r  a r ea .  

Improvement and Expansion of Conventional 
Wastewater Treatment ' F a c i l i t i e s  

I n  t h e  p a s t ,  connect ion t o  a  sewer l i n e  was considered t h e  u l t i m a t e  

s o l u t i o n  t o  an a r e a ' s  s e p t i c  system problems. Conventional wastewater t r e a t -  

ment c o n s i s t s  of a  c o l l e c t o r  system and a  wastewater t rea tment  p l a n t  which 

d ischarges  t r e a t e d  water  t o  a  s t ream o r  r i v e r .  Problems w i t h  i n f i l t r a t i o n  

and inf low of ground water  and storm water  i n t o  c o l l e c t o r  systems i s  a  major 

problem faced by many of t h e  e x i s t i n g  municipal  and community sewer systems 

i n  t h e  region.  Wastewater f low t o  many t rea tment  p l a n t s  exceeds t h e i r  ca- 

p a c i t y ,  r e s u l t i n g  i n  t h e  d i r e c t  d i scharge  of un t r ea t ed  o r  p a r t i a l l y  t r e a t e d  

wastes .  Some t rea tment  p l a n t s  i n  smal l  c o m u n i t i e s  a r e  inadequate ly  main- 

- - -  t a ined ,  which o f t e n  r e s u l t s  i n  a  poor q u a l i t y  e f f l u e n t .  
-- - -- - - .. -- 

The e x t e n t  of p u b l i c  sewage s e r v i c e  and t h e  problems a t  e x i s t i n g  waste- 

water  t rea tment  f a c i l i t i e s  i n  t h e  s tudy  a r e a  a r e  summarized i n  Tables  16  and 1 7 ,  

r e spec t ive ly .  Municipal f a c i l i t i e s  and f a c i l i t i e s  s e rv ing  schools ,  r e s t  homes, 

and c h i l d r e n ' s  homes have s u b s t a n t i a l  problems wi th  exces s ive  wastewater load- 

Sng and poor e f f l u e n t  q u a l i t y .  Excess loading problems occur  a t  t h e  municipal  

t reatment  p l a n t s  s e rv ing  Robbinsvi l le ,  Clyde, D i l l s b o r o ,  Jackson County, and 

Highlands. Before t h e s e  p l a n t s  could be  used t o  t r e a t  wastewater from addi t ion-  

a l  homes, t h e  sewer l i n e s  s e rv ing  the  homes a l r e a d y  on t h e  systems need t o  be 

r epa i r ed ,  and, i n  most cases ,  t he  t rea tment  p l a n t  c a p a c i t y  must be expanded. 

Many s t e p s  must be  taken be fo re  c o m u n i t i e s  can  improve o r  expand t h e i r  

c e n t r a l  wastewater t rea tment  f a c i l i t i e s .  These s t e p s  a r e  mandated by t h e  

f e d e r a l  Clean Water Act,  most r e c e n t l y  amended i n  1977 (Publ ic  Law 95-217). 

Sect ion 2 0 1  of t h e  Act s e t s  f o r t h  t he  planning procedures  t o  be fol lowed be- 

f o r e  the  a c t u a l  c o n s t r u c t i o n  and r e p a i r  of pub l i c  wastewater t rea tment  works 



County 

Graham 

Haywood 

Jackson 

Macon 

Table 16 

EXTENT OF PUBLIC SEWAGE SERVICE, 1980* 

Subunit 

Robbinsville 
Fontana Village 
Tapoca 

Clyde 
Canton 
Hazelwood 
Waynesville 
Birchwood Estates 
Ghost Town 
Green Valley 
Maggie Valley Country Club 
Royal Oaks 

Dillsboro 
Sylva 
Western Carolina University 
Cherokee 
Jackson County 
Sapphire Valley 
Jay Vee Apartments 

Franklin 
Highlands 
Highlands Mountain Club 

4 - county TOTAL, 1980 
4 - county TOTAL, 1970 
mean annual growth rate, 1970 - 1980 

Number of Homes 
on Public Sewage 

720 TOTAL 

6400 TOTAL 

1180 TOTAL 

1300 TOTAL 

*Sources: These data are of an approximate nature only, derived in many 
instances from rough estimates made by town clerks, or by back 
calculating from measured wastewater flows. 



All Facilities 

Municipal Facilities, total 
Problems with excessive 
wastewater loading 

Problems with poor 
effluent quality 

Industrial Facilities, total** 
Problems with excessive 
wastewater loading 

Problems with poor 
effluent quality 

Community Facilities, total*** 
Problems with excessive 
wastewater loading 

Problems with poor 
effluent quality 

\ ,  
ichools, rest homes 
Children's homes, total 

Problems with excessive 
wastewater loading 

Problems with poor 
effluent quality 

Table 17 

Wastewater Discharge Facilities: 
Swmnary of Problem* 

Graham Haywod Jacksan 

2 1 

3 
1 

2 

8 

1 

5 

1 

5 

1 

2 

Macon 

37 

2 
1 

1 

2 0 

5 

12 

3 

3 

2 

4-County 
Total 

101 

8 
4 

5 

3 5 

8 

40 
2 

7 

18 

4 

9 

*Derived from files at Department of Natural Resources and Community Development regional 
office in Asheville, N. C. Detailed information on each facility is presented inAppendix M. 

**Includes paper company, oil companies, rubber manufacturer, water treatment plants, mines, 
sand and gravel companies, textile company, and laundromats. 

***Includes subdivisions, mobile home parks, motels, rest areas, camps, restaurants, industri 
with domestic wastes only, and churches. 



can begin. Step 1 of t h e  f a c i l i t y  planning p roces s  involves  t h e  d e l i n e a t i o n  
\ ,  

of a planning a r e a ,  p repa ra t ion ,  submission, review, and approval  of a fa-  

c i l i t i e s  p lan .  S teps  2 and 3 involve the  a c t u a l  des ign  and c o n s t r u c t i o n ,  

r e s p e c t i v e l y ,  of t rea tment  f a c i l i t i e s .  S u b s t a n t i a l  amounts of f e d e r a l  and 

s t a t e  monies have been a v a i l a b l e  i n  t he  p a s t  f o r  communities t o  undertake 

planning and cons t ruc t ion  phases.  I n  North Caro l ina ,  t h e  program i s  admin- 

i s t e r e d  by the  Department of Natura l  Resources and Community Development, 

fol lowing t h e  r e g u l a t i o n s  of t h e  U.  S. Environmental P r o t e c t i o n  Agency. 

The p o r t i o n s  of t h e  s tudy  a r e a  f o r  which f a c i l i t i e s  p l ans  a r e  being 

prepared a r e  shown i n  Appendix M. Regional S tep  1 p lans  a r e  i n  p repa ra t ion  

i n  Haywood and Jackson Counties ,  and planning f o r  predominantly municipal  

a r e a s  i s  under way i n  t h e  v i c i n i t y  of Robbinsvi l le ,  Cherokee, Cashiers ,  

F rank l in ,  and Highlands. I n  Table 18 i s  shown t h e  amount of funds a l l o -  

ca ted  f o r  wastewater t rea tment  f a c i l i t i e s  by t h e  Environmental P r o t e c t i o n  

Agency i n  t h e  s tudy  a r e a  between October, 1976,and J u l y ,  1980. S i g n i f i -  

c a n t l y  l e s s  f e d e r a l  funds ,  on a per -capi ta  b a s i s  have been spent  i n  t h e  

,' study a r e a  than  i n  t he  s t a t e  a s  a whole. This  same p a t t e r n  was found t o  

. , be t r u e  f o r  each of t h e  17 westernmost coun t i e s  i n  North Caro l ina  (12). 

Some reasons  why t h e r e  has not  been more p a r t i c i p a t i o n  i n  t h e  f a c i l -  

i t i e s  planning and c o n s t r u c t i o n  program can be hypothesized.  The Step 1 

planning phase has been under way f o r  yea r s  i n  many of t h e  communities i n  

t h e  s tudy  a r e a .  This  is  p a r t i a l l y  a t t r i b u t a b l e  t o  t h e  t ime i t  has taken 

t o  ana lyze  i n f i l t r a t i o n  and inf low problems w i t h i n  t h e  e x i s t i n g  sewer sys- 

tems, which a r e  ex t ens ive .  An "I and I" s tudy  must be completed and ap- 

proved be fo re  t h e  Step 1 p lan  i n  i t s  e n t i r e t y  can be c e r t i f i e d .  S u b s t a n t i a l  

de lays  have been t h e  r u l e  dur ing  n e a r l y  every p o r t i o n  of t h e  planning proc- 

e s s  -- t h e  consu l t i ng  f i r m s ,  t h e  s t a t e  and f e d e r a l  agencies  have a l l  taken 

a cons iderable  amount of t ime t o  complete t h e i r  r e s p e c t i v e  t a sks .  The 

towns and coun t i e s  u l t i m a t e l y  r e s p o n s i b l e  f o r  ca r ry ing  o u t  t h i s  process  

gene ra l ly  do no t  have t h e  personnel  o r  t e c h n i c a l  r e sou rces  necessary  t o  

a s s u r e  t h a t  planning i s  r a p i d l y  completed. Because t h e s e  communities have 

not  completed the Step 1 planning phase, they  a r e  n o t  y e t  e l i g i b l e  t o  apply  

f o r  t h e  more s u b s t a n t i a l  Step 2 and 3 g r a n t s  f o r  des ign  and cons t ruc t ion .  

\. , 



Table 18 

Environmental Protection Agency Support for 
Wastewater Treatment Facility Planning 

and Construction, 1976 to 1980 

EPA Wastewater 
Construction Grant 
Funds Allocated, 
Oct., 1976 - July, 1980 

County Population* -- (Thousands of Dollars)** 

Graham 6,726 29 

Haywood 44,673 114 

Jackson 25,853 29 

Macon 19,219 463 

4-County Total 96,471 635 

State Total 5,678,621 253,022 

Funds 
Per 
Capita 

*Projected by Office of State Planning of the North Carolina Department of 
administration for July 1, 1978 

*"'Includes EPA wastewater construction grants under Section 201 of the Clean 
Water Act Admendments of 1972 and 1977. For FY 1977-1979, from the Community 
Services Administration's "Geographic Distribution of Federal Funds in North 
Carolina." For Oct., 1979 - July, 1980, from David Conner, Department of Natural 
Resources and Community Development, personal communication. 



F i n a n c i a l  A s s i s t a n c e  Programs f o r  Improving 
On-Site Wastewater Management 

Most f i n a n c i a l  a s s i s t a n c e  e f f o r t s  f o r  improving was tewate r  manage- 

ment f o c u s  on s u p p o r t  f o r  c e n t r a l i z e d  f a c i l i t i e s  i n  urban and u r b a n i z i n g  

a r e a s .  While a s s i s t a n c e  i s  p o t e n t i a l l y  a v a i l a b l e  from a n  a r r a y  of a g e n c i e s ,  

most fund ing  f o r  improving sewage t r e a t m e n t  must be funne led  th rough  t h e  

same 201 p l a n n i n g  p r o c e s s  d e s c r i b e d  above.  

The 1977 amendments t o  t h e  Clean Water Act i n c l u d e d  some p r o v i s i o n s  

t h a t  cou ld  g r e a t l y  improve o n - s i t e  was tewate r  t r e a t m e n t  problems w i t h i n  t h e  

s t u d y  a r e a .  A three-year,special-grant program was i n i t i a t e d  t h a t  is  de- 

s igned  t o  encourage t h e  u s e  o f  " i n n o v a t i v e  and a l t e r n a t i v e "  wastewater  

t r e a t m e n t  sys tems,  e s p e c i a l l y  i n  r u r a l  a r e a s .  Th i s  program makes p u b l i c  

a s s i s t a n c e  a v a i l a b l e  f o r  was tewate r  t r e a t m e n t ,  i n c l u d i n g  s e p t i c  sys tems ,  a t  

p r i v a t e  homes, as l o n g  as a p u b l i c  management program i s  s i m u l t a n e o u s l y  de- 

ve loped .  The pr imary o b j e c t i v e  of t h i s  program i s  t o  p r o v i d e  more appro- 

p r i a t e ,  l e s s  c o s t l y  a l t e r n a t i v e s  t o  c o n v e n t i o n a l  was tewate r  c o l l e c t i o n  and 

-. t r e a t m e n t  f a c i l i t i e s  i n  o r d e r  t o  more economical ly  serve communities t h a t  

i-1 have been by-passed by p r e v i o u s  f e d e r a l  and s t a t e  f u n d i n g  programs. Ap- 

p rox imate ly  $4.5 m i l l i o n  of Nor th  C a r o l i n a ' s  t o t a l  a n n u a l  f e d e r a l  g r a n t  f o r  

wastewater  c o n s t r u c t i o n  p r o j e c t s  must be  a l l o t t e d  t o  t h i s  program -- 4% of  

t h e  t o t a l  ($3.3  m i l l i o n  a n n u a l l y )  must go t o  fund " a l t e r n a t i v e "  sys tems  i n  

communities hav ing  p o p u l a t i o n s  below 3 ,500 ,  and 2% ($1.2 m i l l i o n  a n n u a l l y )  

must go t o  fund " innova t ive"  sys tems .  Although t h i s  program h a s  been under  

way f o r  a lmos t  two y e a r s ,  i t  h a s  y e t  t o  be a p p l i e d  t o  meet problems anywhere 

i n  w e s t e r n  North C a r o l i n a .  As o f  September,  1980, of t h e  $4.5 m i l l i o n  t h a t  

h a s  t h u s  f a r  been a l l o c a t e d ,  n o n e o f  t h e s e  funds  h a s  been used  t o  s u p p o r t  

p r o j e c t s  i n  t h e  s t u d y  a r e a  c o u n t i e s  o r  i n  any of t h e  17 westernmost  Nor th  

C a r o l i n a  c o u n t i e s  C12). Funding under  t h i s  s p e c i a l  program i s  schedu led  t o  

be  t e r m i n a t e d  on September 30, 1981,  

F i n a n c i a l  a s s i s t a n c e  t o  i n s t a l l  and improve i n d i v i d u a l  s e p t i c  sys tems  

may a l s o  be  a v a i l a b l e  t o  e l i g i b l e  home-owners through t h e  502 and 504 home 

improvement and r e p a i r  programs a d m i n i s t e r e d  by t h e  Farmers Home Adminis- 

t r a t i o n .  E l i g i b l e  a p p l i c a n t s  must be  owner-appl icants  and mee t  c e r t a i n  

/ 

\, 



income r e s t r i c t i o n s .  ? r imar i ly , l oan  funds a r e  a v a i l a b l e ,  bu t  g r a n t  funds 
, 

may a l s o  be a v a i l a b l e  f o r  e l i g i b l e  households where a sen io r  c i t i z e n  62 o r  

more yea r s  of age r e s i d e s .  The.funds a v a i l a b l e  f o r  l oans  under  t h e s e  pro- 

grams have n o t  normally been f u l l y  u t i l i z e d  i n  t h e  s tudy  reg ion .  It i s  

l i k e l y  t h a t  many e l i g i b l e  home-owners a r e  n o t  aware of t h e  program. Fur- 

thermore, people i n  t h e  reg ion  a r e  o f t e n  r e l u c t a n t  t o  become encumbered by 

a  loan.  D i s t r i c t  program managers have a l s o  been r e l u c t a n t  t o  approve loan  

o r  g r a n t  a p p l i c a t i o n s  from people who own more than  f i v e  a c r e s  of land ,  

even though they o therwise  meet income e l i g i b i l i t y  c r i t e r i a .  

A l l  f i n a n c i a l  a s s i s t a n c e  programs f o r  wastewater t rea tment  and d i s p o s a l  

a r e  i n j e o p a r d y u n d e r  t h e  c u r r e n t  f e d e r a l  admin i s t r a t i on .  It may be success-  

f u l l y  argued, however, t h a t  some of t h e  r u r a l  needs,  such a s  t hose  of t h e  

western North Caro l ina  s tudy  a rea ,  can be met more economically than  t h e  

more complex problems i n  and around urban c e n t e r s .  Whether t h i s  i s  dem- 

o n s t r a t e d  and t h e  e x t e n t  t o  which pub l i c  funds f o r  needed imprwements 

w i l l  cont inue  t o  be a v a i l a b l e  remains t o  be  e s t a b l i s h e d .  

- 

Appropriate  A l t e r n a t i v e s  f o r  On-site Wastewater 
Disposal  i n  Western North Caro l ina  

There has been cons iderable  i n t e r e s t  i n  developing a l t e r n a t i v e  tech- 

nologies  f o r  on - s i t e  wastewater d i s p o s a l  dur ing  t h e  p a s t  decade. This  i s  

due, i n  p a r t ,  t o  t h e  r ap id  growth of homes cons t ruc t ed  us ing  s e p t i c  systems,  

and t h e  r a p i d . d e c l i n e  i n  t h e  number of s i t e s  where convent iona l  systems can 

be adequately i n s t a l l e d .  

There has been l i t t l e  change i n  t h e  b a s i c  des ign  and i n s t a l l a t i o n  of 

s e p t i c  tank  systems i n  over f i f t y  yea r s .  Even today, t h e  ma jo r i t y  of pub l i c  

h e a l t h  o f f i c i a l s  ag ree  t h a t  t h e  b e s t  a l t e r n a t i v e  f o r  wastewater d i s p o s a l  i n  

r u r a l  a r e a s  is  a p rope r ly  l o c a t e d ,  designed,  i n s t a l l e d  and maintained "con- 

v e n t i o n a l  s e p t i c  system." This  has  been r e c e n t l y  s u b s t a n t i a t e d  by s t u d i e s  

of t h e  U. S .  General Accounting Of f i ce  and t h e  Environmental P r o t e c t i o n  

Agency (13, 14) .  

There i s  much disagreement about  what i s  meant by "conventional" and 

" a l t e r n a t i v e "  on-s i te  t rea tment  systems. A s tandard  s e p t i c  tank  system i s  

- considered an - " a ~ t e r n a t i v e l '  t g _ a  c e n t r a l  c o l l e c t i o n  - _ _ -  and _ treatinent .. . system by _ _ __ _. 

'\ - 



the Environmental Protection Agency. The public health sanitarian generally 
', , 

views an alternatiye as a system which is much more sophisticated than the 

customary septic-tank system. 

In this report, "alternative'' is intended to apply to any technology 

or management program which differs from the standard procedures presently 

used on a regular basis within the four mountain-area-study counties. A 

substantial amount of work on alternative on-site wastewater treatment sys- 

tems has been undertaken by the Individual Wastewater Project of the Tri- - 

angle J Council of Governments in Research Triangle Park, North Carolina 

(15). While their work focused on applications appropriate to the piedmont, 

many of these systems could be adapted for use in the mountains. 

Modifications to Make "Conventional" Systems Work Better 

1. Water Conservation 

Water conservation is the simplest, yet often the most neglected,method 

of improving and maintaining any on-site wastewater treatment system. Except 
- during infrequent periods of seyeve drought, an abundant drinking water sup- 
, / ply is generally available to individuals and comunities throughout western 

North Carolina. People often forget that the vast majority of water used in 

homes passes through to the sewer or septic system. Graham County sanitarians 

cited excessive use of water as the most ierious maintenance problem, reducing 

the effectiveness of septic tank systems county-wide. Haywood County sani- 

tarians said that the problem is particularly a problem in older homes where 

the original septic system was not designed for accepting automatic washing 

machine wastewaters, 

Adopting water-conserving habits is often an inexpensive and effective 

way to reduce excessive use of water, Wasteful habits include using the 

toilet to flush away a cigarette butt, leaving the sink spigot on while shav- 

ing or tooth-brushing, taking frequent lengthy showers, and running the 

washing machine or dishwasher with only half a load. 

A yariety of inexpensive water conserving devices is available which 

can greatly aid people's efforts to conserve water in the home. Sanitarians 

interviewed from the four study area counties indicated that they are 
,' 

'-. , 



_1 , c u r r e n t l y  aware of very  l i t t l e  u se  of water-conserving devices  i n  t h e  reg ion .  

T o i l e t  dams a r e  one of t h e  most e f f e c t i v e  devices  which t y p i c a l l y  reduce 

wastewater product ion by about  two ga l lons  per  f l u s h .  F low- res t r i c t i ng  

shower heads and s p i g o t s  a r e  a l s o  simple t o  i n s t a l l  and have a  r ap id  pay- 

back period a s  a  r e s u l t  of t h e  energy savings from reduced hot-water u se .  

The North Carol ina Building Code has r e c e n t l y  been amended, r e q u i r i n g  water- 

conserving t o i l e t s  and shower heads t o  be i n s t a l l e d  i n  new homes. 

2. Sep t i c  Tank Pumping 

Inf requent  s ep t i c - t ank  pumping w a s  i d e n t i f i e d  a s  t he  most s i g n i f i c a n t  

s e p t i c  system maintenance problem by s a n i t a r i a n s  i n  Haywood, Jackson, and 

Macon Counties.  It was pointed out  i n  Jackson County t h a t  most people do 

not  have t h e i r  tanks pumped u n t i l  they a r e  experiencing problems. Pumping 

every th ree  t o  f i v e  y e a r s  i s  recommended. The s ludge l e v e l  w i t h i n  t h e  tank  

should be checked annual ly  and t h e  tank  pumped out  be fo re  t h e  s ludge l e v e l  

exceeds one-third of t h e  t a n k ' s  l i q u i d  capac i ty .  

3 .  Two-Compartment S e p t i c  Tanks 
/ 

1 
L 

Two-compartment s e p t i c  tanks  were a t  one time r equ i r ed  i n  North Caro l ina ,  

bu t  s i n c e  the  r e q ~ i r e m e n t  was dropped, t h e r e  has  been l i t t l e  u s e  w i t h i n  t h e  

s tudy a rea .  Res tor ing  t h i s  requirement i s  a  recommendation of t h e  I n d i v i d u a l  

Wastewater P r o j e c t  of t h e  Tr i ang le  J Council of Governments (15).  Represen- 

t a t i v e s  from 25 of t h e  29 western North Carol ina coun t i e s  i n  t h e  Environmental 

Health Sec t ion  of t h e  Western North Carol ina Pub l i c  Heal th  Assoc ia t ion  almost  

unanimously voted t o  recommend r e s t o r i n g  the  two-compartment requirement a t  

a  s p e c i a l  meeting on December 10,  1980. 

4. D i s t r i b u t i o n  Box A l t e r n a t i y e s  

D i s t r i b u t i o n  boxes, commonly i n s t a l l e d  i n  t h e  reg ion  whenever two o r  

more l a t e r a l  d r a i n l i n e s  a r e  used, cause more d i f f i c u l t y  than any o t h e r  com- 

ponent of a  convent iona l  s e p t i c  system, The d i s t r i b u t i o n  box, p a r t i c u l a r l y  

on s loping  t e r r a i n ,  must be i n s t a l l e d  p e r f e c t l y  l e v e l  t o  provide  equal  d i s -  

t r i b u t i o n  of flow t o  a l l  l a t e r a l  l i n e s ,  S a n i t a r i a n s  i n  each of t he  f o u r  

s tudy coun t i e s  observed t h a t  t h i s  i s  t h e  b igges t  problem faced by s e p t i c  

system i n s t a l l e r s ,  S p e c i f i c a t i o r s f o r  s e r i a l  d i s t r i b u t i o n  systems on s lop ing  
/' 

\ i 



\ i  l ands ,  u t i l i z i n g  earthen-dam step-downs or  drop-boxes,are included i n  t h e  

U .  S .  Tubl ic  Health Serv ice  Manual of Sep t i c  Tank P r a c t i c e  (16) .  These 

systems have not  been appl ied  f r e q u e n t l y  w i th in  the  s tudy a r e a .  The pr in-  

c i p l e  ob jec t ion  t o  s e r i a l  d i s t r i b u t i o n  i s  t h a t  each upper t r ench  must be- 

come f i l l e d  and , e s sen t i a l l y ,mus t  f a i l  be fo re  t h e r e  w i l l  be  overflow i n t o  the  

next  t r ench  below. 

An a l t e r n a t i n g  d r a i n f i e l d  system is  a promising a l t e r n a t i v e  which has 

y e t  t o  be t r i e d  i n  t h e  s tudy  a r e a .  Two f u l l - s i z e d  o r  p a r t i a l - s i z e d  dra in-  

f i e l d s  and a  manually-operated d i v e r s i o n  v a l v e  a r e  i n s t a l l e d .  By tu rn ing  

t h e  va lve  on a  r e g u l a r  b a s i s ,  such a s  annua l ly ,  e f f l u e n t  d i s t r i b u t i o n  is  

assured  and the  previous ly  used d r a i n f i e l d  has t he  oppor tuni ty  t o  r e s t .  

The success  of t h i s  system i s  dependent on coopera t ion  by t h e  homeowner i n  

t u rn ing  the  va lve  a t  the  a p p r o p r i a t e  i n t e r v a l s .  

5. Trenches o r  Beds 

Beds a r e  commonly used by Graham and Jackson Counties,  wh i l e  Haywood 

and Macon Counties u s e  p r i m a r i l y  t renches  i n  t h e i r  d r a i n f i e l d s .  Trenches 

have been demonstrated t o  be p r e f e r a b l e ,  providing up t o  f i v e  t imes more 

s idewa l l  a r e a  than do beds f o r  i d e n t i c a l  bottom a r e a s  (14). E f f l u e n t  ab- 

s o r p t i o n  and t rea tment ,  e s p e c i a l l y  on shal low s o i l s ,  i s  much g r e a t e r  on 

the  s idewa l l s  of t r enches ,  i n  cumparison t o  t h e  t r ench  o r  bed bottom i n t e r -  

f ace .  

On s t e e p l y  s lop ing  l and ,  i t  i s  necessary  t o  c u t  benches a long  t h e  con- 

t o u r s  t o  al low a  backhoe t o  i n s t a l l  a  bed o r  t rench  system. Some c o u n t i e s  

permit t e r r a c e s  t o  be cons t ruc t ed  f o r  d r a i n f i e l d s  on s l o p e s  exceeding 30 

percent .  This exposes bedrock, which i s  a  poor r e c i p i e n t  of wastewater ,  

and can lead  t o  seepage of e f f l u e n t  ou t  from t h e  v e r t i c a l  bench c u t s .  

6. Dra in f i e ld  Drainage 

Excessive s u r f a c e  and subsu r face  water-flow i n t o  t h e  d r a i n f i e l d  a r e a  

i s  a  major cause of system f a i l u r e  i n  t h e  mountains,  Surface-water d ive r -  

s i o n s  and subsur face  d r a i n s  around t h e  d r a i n f i e l d  can o f t e n  prevent  excess  

water-loading problems from occur r ing .  D r a i n f i e l d s  cons t ruc t ed  w i t h i n  f lood  

p l a i n s  o r  i n  low a r e a s  where the water  t a b l e  i s  h igh  a r e  n o t  l i k e l y  t o  pro- 

v ide  e f f e c t i v e ,  l ong- l a s t ing  on - s i t e  wastewater t rea tment .  



Applicat ions of New Technologies 

1. The Low Pres su re  P ipe  CLPP) S e p t i c  System 

The LPP system was i n i t i a l l y  developed f o r  u s e  on f l a t ,  sandy s o i l s  sub- 

j e c t  t o  a high water t a b l e  on t h e  c o a s t  of North Carol ina (17),  The system 

has a l s o  been r e f i n e d  and ex tens ive ly  app l i ed  and t e s t e d  i n  t h e  piedmont, 

and design gu ide l ines  a r e  a v a i l a b l e  U 8 ,  1 9 ) .  Three LPP systems have re -  

c e n t l y  been i n s t a l l e d  a s  r e p a i r s  i n  Haywood County. Two of t h e s e  were in-  

s t a l l e d  wi th  support  from the  National  Demonstration Water P r o j e c t  (20). 

The LPP system involves  d i s t r i b u t i n g  wastewater through t h e  d r a i n f i e l d  

under p re s su re  i n s t e a d  of by g r a v i t y  a s  i n  a convent ional  s e p t i c  system. 

Pressure  i s  normally provided by a pump loca t ed  i n  a pump tank ad jacen t  t o  

t h e  s e p t i c  tank. The d r a i n f i e l d  a l s o  d i f f e r s  s i g n i f i c a n t l y  from a conven- 

t i o n a l  system's d r a i n f i e l d .  Wastewater is d i s t r i b u t e d  through 1%-inch PVC 

pipe  placed i n  narrow t renches  t h a t  a r e  dug wi th  a smal l  d i t c h i n g  machine. 

The t renches  a r e  shal low and ho le s  i n  t h e  p ipe  a r e  s i zed  and spaced so t h a t  

wastewater w i l l  be  spread out  uniformly throughout t h e  d r a i n f i e l d .  Some of 

,-- t h e  bas i c  d i f f e r e n c e s  between t h e  LPP system and a convent ional  s e p t i c  sys- 

\ -- tem a r e  ou t l i ned  i n  Table 19. 

The LPP System, a l though s t i l l  undergoing t e s t s ,  could be a p p l i c a b l e  t o  

many problem s i t e s  i n  t h e  mountains,  such a s  where t h e  dep th  of s o i l  t o  bed- 

rock o r  a s easona l ly  high water t a b l e  is shallow. Spec ia l  des ign  modifica- 

t i o n s  would be necessary f o r  a p p l i c a t i o n s  on s t e e p  mountain s i t e s .  A prom- 

i s i n g  opt ion  p a r t i c u l a r l y  s u i t e d  t o  t h e  r eg ion  would be t o  provide  t h e  pres-  

s u r e  f o r  d i s t r i b u t i o n  i n  t h e  d r a i n f i e l d  w i t h  a s iphon.  The siphon would be 

cons t ruc ted  i n  a s e p a r a t e  tank ad jacen t  t o  t h e  s e p t i c  tank ,  upslope of t he  

d r a i n f i e l d .  

2. The Mound System 

Mound systems a r e  being used w i t h  inc reas ing  frequency i n  t he  c o a s t a l  

reg ion  of North Carol ina and elsewhere i n  t h e  n a t i o n ,  The Mound system 

involves d i s t r i b u t i o n  of sewage i n  an a r t i f i c i a l l y  cons t ruc ted  d r a i n f i e l d ,  

t y p i c a l l y  c o n s i s t i n g  of a mound of imported sand and s o i l  mixed toge the r  

which presumably w i l l  accept  and t r e a t  wastewater b e t t e r  than  t h e  na tu ra l -  

l y  a v a i l a b l e  s o i l  a t  t h e  s i t e .  



Table 19 

Low-Pressure Pipe vs. Conventional Septic System 

Pre-treatment 

Dosing 

Supply line 

Drainf ield : 

. , Trenches 

Gravel 

Pipe 

Conventional 
System 

Septic tank 

Distribution box 
or drop boxes 

4-inch solid pipe 
to D-box, 4-inch 
pipe from D-box 
to drainlines, 
solid for at least 
2 feet 

Low-Pressure 
Pipe System 

Septic tank 

Dosing tank with 
pump or siphon 

2-inch PVC pipe 
from dosing tank 
to drainfield 

2 to 3 feet wide and 4 to 6 inches wide 
2 to 3 feet deep, and 10 to 18 inches 
3-foot centers, built deep, 4 to 5 foot 
with backhoe centers, built with 

ditcher 

1- to 2-inch gravel, Pea gravel or +-inch 
12 to 18 inches gravel, 6 to 12 
deep inches deep 

4-inch black tile, 1%-lnch PVC, holes 3 
with 3 rows of to 5 feec apart, 
%-inch holes, 3/32 to %-inch dia- 
4 inches apart meter, drilled 

following design 
specifications df  
each system. 



Mound systems have been i n s t a l l e d  a t  new homesites i n  two p a r t s  of t h e  

s tudy reg ion .  A mound was cons t ruc ted  i n  Haywood County a t  a s i t e  wkich was 

poorly dra ined  and had a  h igh  water  t a b l e ,  I n s t a l l a t i o n  c o s t s  were Exces- 

s i v e ,  due t o  t h e  t ime r equ i r ed  t o  f i n d  and t r a n s p o r t  s u i t a b l e  f i l l  m z t e r i a l ,  

t o  prepare  t he  d r a i n f i e l d ,  and t o  provide  adequate  dra inage  and d ive r s ion  

of sp r ings  around and beneath t h e  mound. A pump t ank ,  pump and 1%-ir-ch PVC 

l a t e r a l s  a r e  used i n  t h e  system, s i m i l a r  t o  what i s  used f o r  t h e  pumpdosed 

LPP system descr ibed  above. 

Modified Mound systems have been i n s t a l l e d  t o  s e r v e  homes i n  a  azvelop- 

ment near  Highlands i n  Macon County. The main problem i n  t h i s  a r e a  is t h e  

presence of rock  and water  a t  o r  near  t he  ground su r f ace .  The s y s t e m  were 

designed f o r  u se  on c u t  and f i l l  s i t e s ,  a l though a s u b s t a n t i a l  amount of 

a d d i t i o n a l  f i l l  m a t e r i a l  had t o  be imported t o  t h e  s i t e .  D i s t r i b u t i c x  of 

sewage t o  t h e s e  mounds i s  through a  convent iona l ,  g rav i ty- fed  d r a i n f i d d .  

Operat ional  information i s  n o t  y e t  a v a i l a b l e .  

Due t o  excess ive  s l o p e s ,  h igh  water  t a b l e s ,  t h e  frequency of sp r lngs ,  

and the  l imi t ed  a v a i l a b i l i t y  of s u i t a b l e  f i l l  m a t e r i a l s ,  t he  applicability 

of t h e  mound system a l t e r n a t i v e  t o  problem s i t e s  i n  t h e  mountains is  Limited. 

3. Composting T o i l e t s  

Although t h e r e  has  been a  g r e a t  d e a l  of i n t e r e s t  expressed i n  u t i l i z i n g  
1 I wa ter less"  t o i l e t s  i n  t h e  s tudy  reg ion ,  only one u n i t  i s  c u r r e n t l y  ic  opera- 

t i o n .  Composting t o i l e t s  may be a p p l i c a b l e  i n  summer homes o r  i n  e x i s t i n g  

homes which c u r r e n t l y  do n o t  have any t rea tment  system. The Na t iona l  Center 

f o r  Appropriate  Technology publ ished a  guide f o r  p rospec t ive  owner-buliders 

of compost t o i l e t s  (21),  and the  C a l i f o r n i a  Of f i ce  of Appropriate  Techo logy  

and the  Environmental P r o t e c t i o n  Agency a r e  i n  t h e  process  of publ ishf ig t h e  

~ e s u l t s  of a one-year s tudy  of t h e  pub l i c  h e a l t h  a c c e p t a b i l i t y  and perform- 

ance r e l i a b i l i t y  of 30 w a t e r l e s s  t o i l e t s  being used i n  C a l i f o r n i a  homes (22) .  

Solar -ass i s ted  composting p r i v i e s  haye been s u c c e s s ~ u l l y  used i n  t h e  k X t e  

Mountains of New Hampshire (23, 24) and could be a f avorab le  a l t e r n a t i v e  t o  

t h e  p i t  p r ivy .  

The county h e a l t h  department s a n i t a r i a n s  interviewed a r e  dubious about 

t h e  p o t e n t i a l  a p p l i c a b i l i t y  of composting t o i l e t s  i n  t h e  North Caro l inr  



mountains. They quest ioned the  s a f e t y  of such systems and poin ted  out  t h a t  

the  o the r  home wastewater -- "gray water" -- must s t i l l  be s a f e l y  t r e a t e d .  

I n  a r e a s  where water  supply i s  l i m i t e d  and t h e  s o i l ' s  s u i t a b i l i t y  f o r  a 
\ , 

s e p t i c  system i s  poor,  a proper ly  cons t ruc ted  and maintained composting 

t o i l e t  may be a v i a b l e  a l t e r n a t i v e .  

4. Gray Water Treatment 

Gray water i nc ludes  a l l  non - to i l e t  wastewaters  from the  home. Research- 

e r s  have found t h a t  i t  may be e a s i e r  t o  t r e a t  g ray  water  than  combined waste- 

water ,  bu t  t h a t  i t  is  j u s t  a s  e s s e n t i a l  t h a t  adequate  t rea tment  of gray water  

be provided t o  p r o t e c t  p u b l i c  h e a l t h  (25). 

I n  t he  fou r  s tudy  a r e a  coun t i e s ,  i t  is  common f o r  p o r t i o n s  of t h e  home's 

gray water t o  be t r e a t e d  s e p a r a t e l y  from t h e  main s e p t i c  system, o r  n o t  t o  

be t r e a t e d  a t  a l l .  The laundry wastewater i s  most t y p i c a l l y  discharged i n t o  

a s epa ra t e  system -- a d i s t r i b u t i o n  box, followed by a p i t  o r  smal l  d ra in-  

f i e l d ,  i s  o f t e n  recommended. 

Research i s  n o t  c u r r e n t l y  a v a i l a b l e  t h a t  can be used a s  a b a s i s  f o r  de- 

s ign ing  adequate gray water  t rea tment  systems f o r  t h e  mountain r eg ion .  One 

experimental  gray water  system has r e c e n t l y  been i n s t a l l e d  i n  a Jackson Coun- 

/ t y  home by t h e  Center f o r  Improving Mountain Living.  The system inco rpora t e s  
'. a smal l  holding tank,  a s iphon,  and d i s t r i b u t i o n  through t h e  growing beds of 

an a t t ached  s o l a r  greenhouse. Performance d a t a  i s  no t  y e t  a v a i l a b l e .  

Separa te  gray water  t rea tment  systems a r e  no t  l i k e l y  t o  be used exten- 

s i v e l y  i n  t h e  mountain r eg ion ,  bu t  should be considered whenever t h e  main 

home t rea tment  system i s  no t  l a r g e  enough t o  handle a l l  of t h e  home's waste- 

water' flow. They a r e  a l s o  e s s e n t i a l  wherever cornposting t o i l e t s  a r e  in? 

s t a l l e d .  

Adoption of Improved Management Programs 

Current ly ,  t h e  r e s p o n s i b i l i t y  f o r  main ta in ing  on-s i te  wastewater d i s -  

posa l  systems r e s t s  p r i m a r i l y  w i t h  t h e  homeowner, S a n i t a r i a n s  have t h e  au- 

t h o r i t y  t o  r e q u i r e  homeowners t o  r e p a i r  malfiunctioning systems. This  au- 

t h o r i t y  i s  gene ra l ly  used only  i n  response t o  complaints,  a l though on some 

occasions house-to-house surveys have been made t o  l o c a t e  and c o r r e c t  



i n s t ances  of f a i l i n g  o r  non-exis tant  s e p t i c  systems. A county-wide survey 

i s  now under way i n  Graham County, a b e d  a t  e l i m i n a t i n g  a l l  s t r a i g h t - p i p e  

. discharges .  This e f f o r t  was i n i t i a t e d  by the  Graham County Heal th  Board 

because a s u b s t a n t i a l  p a r t  of t h e  county i s  dra ined  by t h e  r i v e r  which 

w i l l  soon be used a s  t h e  p r i n c i p a l  water supply source f o r  Robbinsvi l le .  

Inadequate  maintenance i s  one of t h e  b igges t  reasons c i t e d  by county 

s a n i t a r i a n s  why s e p t i c  systems w i t h i n  t h e  s tudy  a r e a  f a i l ,  a s  discussed pre- 

v ious ly .  Pumping the  s e p t i c  tank  a t  t h e  proper  t ime and conserving water- 

use  h a b i t s  a r e  o f t e n  a l l  t h e  maintenance procedures  necessary  f o r  a con- 

ven t iona l  s e p t i c  system. It i s  much more d i f f i c u l t  t o  r e s t o r e  a f a i l i n g  

system than i t  is  t o  prevent  one from i n i t i a l l y  f a i l i n g .  

E f f e c t i v e  u s e  of many a l t e r n a t i v e  on - s i t e  wastewater d i s p o s a l  systems 

is  dependent on r e g u l a r  maintenance: 

o t h e  d i v e r s i o n  va lve  i n  a d u a l  d r a i n f i e l d  system 
must be turned p e r i o d i c a l l y  

o t h e  pump i n  a low-pressure o r  mound system must 
be  f r e q u e n t l y  checked and r e p a i r e d  when necessary  

o low-pressure d i s t r i b u t i o n  d r a i n f i e l d  l i n e s  should 
be f lu shed  o u t  w i th  a hose annual ly  

\ o composting t o i l e t s  must be emptied 

I f  proper  maintenance i s  a s su red ,  systems could be designed more e f f e c t i v e l y  

t o  meet t h e  s p e c i f i c  needs of an  a rea .  For i n s t ance ,  c l u s t e r  systems se rv ing  

two o r  more homes could become p r a c t i c a l  f o r  u se  i n  subd iv i s ions .  

There has been a growing i n t e r e s t  i n  pub l i c  and p r i v a t e  s e p t i c  system 

maintenance programs nationwide. The U, S .  Government Accounting Of f i ce  re- 

ported t h a t  m i l l i o n s  of d o l l a r s  could be  saved by encouraging the permanent 

u se  of p r o p e r l y  designed and maintained s e p t i c  systems a s  a l t e r n a t i v e s  t o  

community sewers i n  many a r e a s  C13), The Environmental P r o t e c t i o n  Agency 

has publ ished a r e p o r t  desc r ib ing  management a l t e r n a t i v e s  and c a s e  s t u d i e s  

of ongoing management programs throughout t h e  country C261, Hancor pub- 

l i s h e d  a r e p o r t  on maintenance by p r i v a t e  i n d u s t r y  of on-s i te  wastewater 

t reatment  systems ( -27) .  

The Ind iv idua l  Wastewater P r o j e c t  of t h e  Tr i ang le  J Council  of Govern- 

ments evaluated management op t ions  t h a t  would be f e a s i b l e  i n  North Carol ina (28).  



A s  a  consequence of newly enacted s t a t e  l e g i s l a t i o n ,  a l l  l o c a l  governmental 

u n i t s  i n  North Carol ina au thor ized  t o  provide community sewers and waste- 

water t rea tment  a r e  now author ized  t o  provide  on-s i te  ope ra t ion  and main- 
,. , 

tenance s e r v i c e s .  This a p p l i e s  t o  c i t i e s ,  coun t i e s ,  county water and sewer 

d i s t r i c t s ,  s a n i t a r y  d i s t r i c t s ,  me t ropo l i t an  water  d i s t r i c t s ,  me t ropo l i t an  

sewerage d i s t r i c t s  and water  and sewer a u t h o r i t i e s .  No l o c a l  governmental 

u n i t s  i n  t h e  s t a t e ,  however, have y e t  adopted on-s i te  management programs. 

Within t h e  s tudy  a r e a ,  Jackson and Haywood coun t i e s  a r e  t h e  most l i k e l y  

candida tes  f o r  i n i t i a t i n g  t h e  development of county-wide programs because 

they a r e  a l r eady  involved i n  r e g i o n a l  wastewater management planning.  

Standards f o r  l o c a l  h e a l t h  departments i n  North Caro l ina  c a l l  f o r  t h e  

development and implementation of a survey schedule f o r  l o c a t i n g ,  i d e n t i -  

fy ing  and c o r r e c t i n g  malfunct ioning i n d i v i d u a l  sewage systems (29) .  This  

s tandard ,  i f  implemented, would i n s u r e  a t  l e a s t  a  minimum l e v e l  of s e p t i c  

system maintenance. None of the  coun t i e s  w i t h i n  t h e  s tudy  a r e a  a r e  cur- 

r e n t l y  ca r ry ing  out  such a program, and only two coun t i e s  throughout t h e  

s t a t e  could be i d e n t i f i e d  t h a t  have a c t i v e  survey programs. S a n i t a r i a n s  , 

interviewed i n  t h e  s tudy a r e a  ind ica t ed  t h a t  they  a r e  i n t e r e s t e d  i n  such an 

e f f o r t  bu t  do no t  have t h e  manpower necessary  t o  e f f e c t i v e l y  c a r r y  one o u t  , 

\.J 
and s t i l l  complete t h e i r  o t h e r  mandated r e s p o n s i b i l i t i e s .  The survey pro- 

grams under way i n  Gui l ford  and Robeson coun t i e s  w i l l  be b r i e f l y  descr ibed .  

The Guilford County Heal th  Department completed a  county-wide community 

survey about 15 yea r s  ago ,  a t  which time a l l  s t r a i g h t - p i p e  d i scha rges  were 

e l imina ted .  An a d d i t i o n a l  s t a f f  person was added t o  t h e  department 's  en- 

vironmental  h e a l t h  s e c t i o n  t o  c a r r y  out  t h i s  survey.  Since t h a t  t ime, d i f -  

f e r e n t  s e c t i o n s  of t h e  county a r e  resurveyed each y e a r ,  and mal funct ioning  

systems a r e  i d e n t i f i e d  and needed r e p a i r s  a r e  s p e c i f i e d .  Each yea r ,  ap- 

proximately 1,000 systems a r e  checked and about  200 systems subsequent ly re- 

pa i red .  Approximately one person-day per  week i s  a l l o c a t e d  t o  t h i s  program. 

Guilford County h e a l t h  o f f i c i a l s  r e p o r t  t h a t  t h e  survey program i s  w e l l  ac- 

cepted and f e e l  i t  i s  a  v i t a l l y  important  component of t h e  county 's  e f f o r t s  

t o  p r o t e c t  t h e  p u b l i c ' s  h e a l t h  (302, 

Robeson County began implementing a  home environmental h e a l t h  survey 

program i n  1980 dur ing  a  s l a c k  per iod  i n  new home cons t ruc t ion .  The o b j e c t i v e  



-\ 

i s  t o  survey every home i n  t h e  county w i t h i n  a two-year per iod  and eva lua t e  
b 

each home's water  supply and sewage d i s p o s a l  system, i t s  s o l i d  waste handl ing 

p r a c t i c e s ,  and t h e  home's rodent  and s a f e t y  problems, and t o  make recom- 

mendations t o  t he  home owner. Each of the  10 members of t h e  environmental 

h e a l t h  s e c t i o n  s t a f f  spends approximately a half-day pe r  week on t h e  survey.  

About 23,000 homes were surveyed during t h e  f i r s t  program year  (31). 

FUTURE OUTLOOK 

Most homes i n  t h e  western North Caro l ina  mountains c u r r e n t l y  depend on 

on-s i te  wastewater t rea tment  systems, and a growing p ropor t ion  of t h e  new 

homes being constucted w i l l  cont inue  t o  r e q u i r e  on - s i t e  systems. A s  t he  

most s u i t a b l e  bu i ld ing  s i t e s  have a l r e a d y  been u t i l i z e d ,  s e p t i c  system 

problems i n  t h e  reg ion  can only  be expected t o  i nc rease .  The long-term 

q u a l i t y  of our d r ink ing  water and r e c r e a t i o n a l  s t reams w i l l  be  g r e a t l y  in-  

f luenced by our  p re sen t  and f u t u r e  on - s i t e  sewage system design,  i n s t a l l a -  

, t i o n  and management p r a c t i c e s .  

i' 
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APPENDIX A 

PERCENTAGE OF HOMES WITH ON-SITE WASTEWATER 
DISPOSAL SYSTEMS, BY TOWNSHIP 











Appendix B 

Density a£ Homes with ,On-site Wastewater Disposal Systems 

Area, On-site On-site Homes 
County Township Sq. Miles* * Homes** Per Square Mile 

Graham 

Haywood 

Yellow Creek 
Cheoah 
Stecoah 

Total 

Beaverdam 
Cataloochee 
Cecil 
Clyde 
Crabtree 
East Fork 
Fines Creek 
Iron Duff 
Ivy Hill 
Jonathan's Creek 
Pigeon 
Waynesville 
White* Oak 

Total 

Jackson Barker's Creek 
Canada 
Caney Fork 
Cashiers 
Cullowhee 
Dillsboro 
Greens Creek 
Hamburg 
Mountain 
Qualla 
River 
Savannah 
Scotts Creek 
Sylva 
Webster 

Total 



County 

Macon 

Appendix B (Cont.) 
Density of Homes with On-site wastewater Disposal Systems 

Area, On-site 
Township Sq. Miles* Homes** 

Burningt own 
Cartoogechaye 
Cowee 
Elli j ay 
Flats 
Franklin 
Highlands 
Millshoal 
Nantahala 
Smiths Bridge 
Sugar Fork 

Tot a1 504 5,332 

4-County Total 1,839 22,116 

Gn-site Homes 
Per Square Mile 

*~;ea derived by planimetry 
**Number of on-site homes taken from Census of Housing ata files, provided by the 
North Carolina State Data Center, Chapel Hill. 



APPENDIX C 

PERCENTAGE OF HOMES WITHOUT A FLUSH 
TOILET, BY TOWNSHIP 
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Source: 1970 Census of Housing 





APPENDIX D 

PERCENTAGE OF HOMES STRAIGHT-PIPING, 
BY TOWNSHIP 





Cataloochie 

/ / / / / / / / / / /  
/Crabtree/// 

Percentage of Homes 
. Straight-Piping 



Canada 





APPENDIX E 

NEW RESIDENTIAL CONSTRUCTION USING 
SEPTIC SYSTEMS, BY TOWNSHIP 
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Source: Jackson County Health Department Completion Files 





APPENDIX F 

REGISTERED SUBDIVISION LOTS, 
1975 TO 1979, BY TOWNSHIP 
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APPENDIX G 

SOIL LIMITATIONS FOR SEPTIC TANKS 
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APPENDIX H 

PERCENTAGE OF HOMES WITH INDIVIDUAL 
WATER SUPPLY SYSTEMS, BY TOWNSHIP 
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PERCENTAGE OF HOMES WITH INDIVIDUAL 
SRRINGS, BY TOWNSHI? 






























































































