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ABSTRACT 

This paper proposes a method for sizing septic-tank absorption 

fields. It also emphasizes the necessity for thorough on-site evalua- 

tion of sloping, impermeable soils, such as those in the study area, 

which is located in Greensboro in the Piedmont area of North Carolina. 

Hydraulic conductivity, percolation, infiltration rates, and water 

quality were determined on site. To characterize flow, it was necessary 

to determine the relationship between design-flow rate and the water- 

table rise in terms of soils and site parameters. The Dupuit-Forchheimer 

assumptions were assumed to apply in the area. The method presented by 

Harr in Groundwater and Seepage (1962) was used to determine the uniform 

flow depth on sloping soils. It was then possible to determine the flow 

rate, which in turn was used to estimate trench length. This method 

was compared with the standard method as explained in Public Health 

Service's Manual of Septic Tank Practices (1957), and the two showed 

very close agreement. 

Water-quality studies suggest that the principal constituents in 

2+ + wells are ca2+, Mg , Na , and HCOj and that most of the deep wells are 

producing water from two different aquifers. Water from most wells 

is relati.vely hard. Nitrate and phosphorus were below the EFA limits. 

The presence of fecal coliforms suggests fecal contamination, which 

apparently is coming from the adjacent septic systems. These findings 

indicate a potential health hazard to the community. 



v 

TABLE OF CONTENTS 

-. . P s  

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . .  iii 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v  

LISTOFFIGURES . . . . . . . . . . . . . . . . . . . . . . . . .  
LISTOFTABLES . . . . . . . . . . . . . . . . . . . . . . . . . .  v i i i  

SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . .  i x  

RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  INTRODUCTION 

OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DESCRIPTION OF STUDY SITE . . . . . . . . . . . . . . . . . . . .  
DESCRIPTION OF THE WELLS ON THE SITE . . . . . . . . . . . . . . .  8 

PROCEDURE . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Topographic Survey . . . . . . . . . . . . . . . . . . . . .  
S o i l  Type E v a l u a t i o n  . . . . . . . . . . . . . . . . . . . .  
Hydrau l i c  C o n d u c t i v i t y  Measurements . . . . . . . . . . . . .  

Auger Hole . . . . . . . . . . . . . . . . . . . . . . .  
P i t  Method . . . . . . . . . . . . . . . . . . . . . . .  
Double-Ditch Method . . . . . . . . . . . . . . . . . .  

Sample C a l c u l a t i o n s  . . . . . . . . . . . . . . . . . . . . .  
P e r c o l a t i o n  T e s t  . . . . . . . . . . . . . . . . . . . . . .  
Depth t o  Impermeable Layer . . . . . . . . . . . . . . . . .  
Depth t o  Groundwater . . . . . . . . . . . . . . . . . . . .  
Comparison w i t h  o t h e r  Methods . . . . . . . . . . . . . . . .  

Using P e r c o l a t i o n  R e s u l t s  . . . . . . . . . . . . . . .  
Using I n f i l t r a t i o n  R a t e  . . . . . . . . . . . . . . . .  
Using Hydrau l i c  Conduc t iv i ty  . . . . . . . . . . . . . .  

Water Q u a l i t y  S t u d i e s  . . . . . . . . . . . . . . . . . . . .  
M i c r o b i a l  Contaminants  i n  Water as P o l l u t i o n  I n d i c a t o r s  . 
Water Q u a l i t y  Based nq Ni t roqen  and Phosphorus . . . . .  
C l a s s i f i c a t i o n  of  Water Based on t h e  Dominant I o n s  

P r e s e n t  . . . . . . . . . . . . . . . . . . . . . . .  
Comparison o f  Water Q u a l i t y  by Means of  S t i f f  Diagrams . 
Hardness of  Water . . . . . . . . . . . . . . . . . . .  
Genera l  Contaminants  of IJater  . . . . . . . . . . . . .  

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



LIST OF FIGURES 

Page 

F i g u r e  1. 

F i g u r e  2. 

F i g u r e  3. 

F i g u r e  4. 

F i g u r e  5. 

F i g u r e  6. 

F i g u r e  7. 

F i g u r e  8. 

F i g u r e  9. 

F i g u r e  10 .  

F i g u r e  11. 

F i g u r e  12 .  

F i g u r e  13.  

F i g u r e  14.  

F i g u r e  15.  

F i g u r e  16 .  

Exper imenta l  s i t e  showing w e l l  numbers . . . . . . . . .  5  

One-foot con tou r  i n t e r v a l  and unsewered home l o t s .  
E l e v a t i o n s  a r e  ove r  700 f t .  above s e a  l e v e l .  . . . . . .  6 

Cross  s e c t i o n s  i n  s t u d y  a r e a  showing s u r f a c e ,  impermeable 
l a y e r ,  and wa te r  s u r f a c e  ( J u l y  25, 1979) . . . . . . . . '  11 
S o i l  map o f  t h e  e x p e r i m e n t a l  p l o t  and area occupied  by 
unsewered homes . . . . . . . . . . . . . . . . . . . .  1 4  

P l o t  of  Q/t  v s .  h  f o r  v e r t i c a l  and h o r i z o n t a l  p o s i t i o n s  
f o r  c l a y  s o i l  ( a f t e r  R. W. Skaggs) . . . . . . . . . . .  1 6  

Dependance of  f l ow on h  where h  = H1 - H2 ( a f t e r  
R.1W. Skaggs, 1975) . . . . . . . . . . . . . . . . . .  1 6  

P i t  h y d r a u l i c  c o n d u c t i v i t y  test  ( a f t e r  Healy and Laak, 
1974) . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Schematic  ( s k e t c h )  of  t h e  doub le -d i t ch  method f o r  
d e t e r m i n i n g  h y d r a u l i c  c o n d u c t i v i t y  (K) . . . . . . . . .  22 

T y p i c a l  i n f i l t r a t i o n  r a t e  c u r v e  f o r  Enon s o i l  on s i t e  . 25 

Contour o f  w a t e r  s u r f a c e  a f t e r  r a i n f a l l  i n  May 1979. 
(Contours  a t  5 - f t .  i n t e r v a l s . )  (Water s u r f a c e  r o s e  due  
t o  heavy r a i n s . )  . . . . . . . . . . . . . . . . . . . .  28 

Contour of  w a t e r  s u r f a c e  two months a f t e r  r a i n f a l l  
. . . . . .  ( J u l y  1979) .  (Contours a t  5 - f t .  i n t e r v a l s  .) 29 

The e f f e c t  o f  s e p t i c  sys tems on wa te r  t a b l e  e l e v a t i o n  
on s l o p i n g  s i t e  . . . . . . . . . . . . . . . . . . . .  3 1  

. . . . . . . . . . . . . . . . .  P l o t o f F ( h o ) v s . h o .  33 
I ,* Y 

Topographic map of  s t u d v  a r e a  showing deep  w e l l  p o s i t i o n s ,  
and p o s i t i o n s  of f i e l d  methods used t o  d e t e r m i n e  s a t u r a t e d  
h y d r a u l i c  c o n d u c t i v i t i e s  i n  t h e  f i e l d  (double  d i t c h ,  n i t ,  . . . . . . . . . . . . . . . . . . . .  a u g e r  h o l e )  35 

Graphic  r e p r e s e n t a t i o n  of  deep w e l l  f o r  sampl ing  w a t e r  
w i t h i n  t h e  zone of s a p r o l i t e  m a t e r i a l  . . . . . . . . .  36 

Exper imenta l  s i t e  showing w e l l  numbers. An a e r i a l  view 
of  v a r i a b i l i t y  of  t o t a l  s o l i d s  among deep w e l l s .  . . . .  44 



v i i  

Page 

F i g u r e  17. Phosphorus and n i t r o g e n  changes i n  deep  w e l l s  (A) . . . 56 

F i g u r e  18. Phosphorus and n i t r o g e n  changes i n  deep  w e l l s  (B)  . . . 57 

F i g u r e  19 .  Phosphorus and n i t r o g e n  changes i n  deep  w e l l s  ( C )  . . . 58 

F i g u r e  20. Phosphorus and n i t r o g e n  changes  i n  deep w e l l s  (D)  . . . 59 

F i g u r e  21. Phosphorus and n i t r o g e n  changes i n  deep  wells (E )  . . . 60 

F i g u r e  22. Phosphorus and n i t r o g e n  changes i n  deep  w e l l s  (F) . . . 61 

F i g u r e  23. Phosphorus and n i t r o g e n  changes i n  deep  w e l l s  (G) . . . 62 

F i g u r e  24. Phosphorus and n i t r o g e n  changes i n  deep w e l l s  ( a )  . . . 63 

F i g u r e  25. Phosphorus and n i t r o g e n  changes  i n  s h a l l o w  w e l l s  (b) .  . 64 

F i g u r e  26. S t i f f  d iagrams of  deep w e l l s  1-6 (sample G )  . . . . . . 68 

F i g u r e  27 .  S t i f f  d iagrams o f  deep w e l l s  7 ,8 ,10 ,12 ,13  (sample G). . 69 

F i g u r e  28. S t i f f  d iagrams of deep  w e l l s  14-16,19,22-23 (sample G). 70 

F i g u r e  29. S t i f f  d iagrams o f  deep w e l l s  24-25 (sample G) . . . . . 71 



v i i  i 

LIST OF TABLES 

Page 

Tab le  1. 

Tab le  2. 

Tab le  3. 

Tab le  4 .  

Tab le  5. 

Tab le  6. 

Tab le  7. 

Tab le  8 .  

Tab le  9. 

Tab le  10 .  

Tab le  11. 

Tab le  12.  

Tab le  13 .  

T a b l e .  14.  

Tab le  15.  

T a b l e  16 .  

S o i l  su rvey  legend.  (N.  C. A&T S t a t e  U n i v e r s i t y  
Environmental  S t u d i e s  Labora to ry ,  G u i l f o r d  County, 
North C a r o l i n a )  . . . . . . . . . . . . . . . . . . . . .  1 3  

. . . . . . . . . . .  R e s u l t s  of  R d e t e r m i n a t i o n  i n - s i t u  23 

Sampling p e r i o d s  w i t h  d a t e s  . . . . . . . . . . . . . . .  4 1  

pHde te rmina t ions  a t  d i f f e r e n t  d a t e s  i n  deep  w e l l s  . . . .  43 

T o t a l  s o l i d s  i n  deep w e l l s  a t  d i f f e r e n t  d a t e s  (ppm) 
m g / ~  . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

Water t u r b i d i t y  i n  deep w e l l s  a t  d i f f e r e n t  d a t e s  ( u n i t s -  
. . . . . . . . . . . . . . . . . . . . . . . .  ppm S io2)  46 

BOD changes i n  deep w e l l s  a t  d i f f e r e n t  d a t e s  (ppm- 
mg/L) . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

T o t a l  c o l i f o r m  c o u n t s  i n  deep w e l l s  a t  d i f f e r e n t  sampl ing  
d a t e s .  (X . 103/100 ml) . . . . . . . . . . . . . . . . .  50 

F e c a l  c o l i f o r m  b a c t e r i a l  c o u n t s  i n  deep w e l l s  a t  d i f f e r e n t  
. . . . . . . . . . . .  sampl ing  d a t e s .  (X 1 0 ~ / 1 0 0  ml) 5 1  

pH and BOD changes i n  s h a l l o w  w e l l s  a t  d i f f e r e n t  d a t e s  . 52 

Changes i n  t u r b i d i t y  and t o h a l  s o l i d s  i n  s h a l l o w  w e l l s  
a t  d i f f e r e n t  sampling d a t e s  . . . . . . . . . . . . . . .  53  

T o t a l  and f e c a l  c o l i f o r m  c o u n t s  i n  s h a l l o w  w e l l s  a t  
d i f f e r e n t  d a t e s .  (X . l o 4 / 1 0 0  ml) . . . . . . . . . . . .  54 

C o n c e n t r a t i o n  of  major  c a t i o n s  and a n i o n s  i n  s e l e c t e d  
deep w e l l s  sampled on 8-7-80 (G). . . . . . . . . . . . .  67 

C o n c e n t r a t i o n  of  Car Mg, and h a r d n e s s  o f  s e l e c t e d  deep  
w e l l s  sampled on 8-7-80 (G). . . . . . . . . . . . . . . .  73 

Major c a t i o n  c o n c e n t r a t i o n  and h a r d n e s s  of  w a t e r  from 
s h a l l o w w e l l s . . . . . . . . . . . . . . . . . . . . . .  74 

Major c a t i o n  c o n c e n t r a t i o n  and ha rdness  of  w a t e r  samples 
from domest ic  w e l l s  . . . . . . . . . . . . . . . . . . .  75 



S W R Y  AND CONCLUSIONS 

P o p u l a t i o n  growth i n  t h e  Piedmont h a s  r e s u l t e d  i n  a n  i n c r e a s i n g  

need  f o r  hous ing  i n  t h e  suburban and r u r a l  a r e a s .  With t h i s  growth,  

p r e s s u r e  h a s  been p l a c e d  on t h e  c i t y  governments t o  expand t h e i r  sewage 

l i n e s  i n t o  t h e s e  deve lop ing  a r e a s .  The c o s t  t o  s e r v e  a l l  o f  t h e s e  

u r b a n i z i n g  a r e a s  i s  p r o h i b i t i v e .  The a l t e r n a t i v e ,  t h e r e f o r e ,  i s  t o  u s e  

indiv idual .  s e p t i c  sys tems.  T h i s  f a c t  came t o  p u b l i c  a t t e n t i o n  r e c e n t l y  

i n  t h e  Horsepen Creek a r e a  of G u i l f o r d  County, N. C .  where i n s t e a d  of  

c o n s t r u c t i n g  a  l a r g e  sewage l i n e  l e a d i n g  t o  a c e n t r a l  t r e a t m e n t  p l a n t ,  

i t  was dec ided  t o  u s e  a  smaller l i n e  and pe rmi t  more s e p t i c  t a n k s  f o r  

p r i v a t e  home owners. 

A comprehensive s t u d y  was unde r t aken  i n  a  c o n t r o l l e d  a r e a  t o  measure 

t h e  impacts  of  o n - s i t e  t r e a t m e n t  sys tems on w a t e r  q u a l i t y .  T h i s  informa- 

t i o n  w i l l  be  u s e f u l  t o  l e a d e r s  and t h e  g e n e r a l  p u b l i c  who need t o  b e  

aware of  t h e  e f f e c t s  of  p o l l u t a n t s  on w a t e r  q u a l i t y  and t h e  c a p a b i l i t y  

of s o i l s  t o  abso rb  and p r o p e r l y  treat domest ic  w a s t e s .  

There a r e  approx ima te ly  90,000 p e o p l e  i n  G u i l f o r d  County whose 

was t e  t r e a t m e n t  i s  accompl ished  by i n d i v i d u a l  s e p t i c  sys tems.  The sew- 

age  e f f l u e n t  from t h e s e  i n d i v i d u a l  s e p t i c  t a n k s  p o s e s  a p o s s i b l e  menace 

t o  b o t h  urban and r u r a l  p o p u l a t i o n s .  

I n  t h i s  s t u d y ,  t h e  e f f e c t  of domest ic  was t e  on wa te r  q u a l i t y  and water -  

t a b l e  e l e v a t i o n  w a s  examined. The s i t e  i s  a s l o p i n g  one and wa te r  from 

ups lope  would most l i k e l y  a f f e c t  t h e  h e i g h t  of  t h e  groundwater  downslope. 

There  were no i n d i c a t i o n s  t h a t  p r o v i s i o n s  were made t o  r educe  f low 

from ups lope  o r  downslope l e n g t h  of f low. Cole Road running  North t o  South 

v e r y  c l o s e  t o  t h e  t e n a n t s '  homes on t h e  ups lope  s i d e  i s  i n t e r c e ~ t i n g  a l l  t h e  

ups lope  f low,  t h e r e b y  a c t i n g  a s  a n  i n t e r c e p t o r  d r a i n .  The t e c h n i q u e s  



described here should be adopted before absorption systems are installed 

on problem sites. Different methods of sizing absorption fields were 

compared and found to be in agreement. An example problem was also 

demonstrated. 

Without intensive investigations and a properly designed system, 

these sites should not be used for absorption fields. However, the 

tenants were quite satisfied with the performance of the septic systems. 

A study of groundwater (aquifer) quality was performed since contamination 

of groundwater is suspected because of cracks seen in some of the observa- 

tion pits. 

Considerable fecal coliform contamination was observed in deep and 

shallow wells. A direct relationship between total solids and turbidity 

was observed in the majority of the wells. Hardness of water from some 

of the wells is within drinking-water standards, whereas from other wells, 

it is above the recommended limits. A number of the deep wells are 

producing water from two different aquifers. Nitrate and phosphorus 

were below the EPA recommended limits, and heavy metals were in 

negligible amounts. 

Since the city sewer system is close to these homes, it would be 

a wise decision to connect them to the system. Such a move will 

eliminate a possible health hazard. 
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RECOMMENDATIONS 

'The results of this study characterize the ability of the soils 

on this site to absorb and properly treat domestic waste. Although 

there were some areas that exhibited good hydraulic properties (satu- 

rated hydraulic conductivity, percolation), the overall picture is 

that the soils are "poor" and as such, may not be suitable for septic- 

tank absorption fields. 

Results from a study of this nature should not be taken "lightly." 

Certain provisions should be made before septic tank absorption systems are 

installed on problem sites. An experienced person should be consulted 

to conduct thorough investigations and properly design the systems. 

Findings from this project should be made available to planners 

and health officials who must make decisions regarding the permitting 

of on-site treatment systems. Anticipated users of the results from 

this project are: 

1) Commissioners and County Planners 

2) Local Public Health Departments 

3) State and Federal Regulatory Agencies 

4) Urban, Suburban, and Rural Developers 

5) Research Scientists Involved in Similar Studies 





FACTORS TO BE CONSIDERED I N  DISPOSING DOMESTIC WASTE ON 
PROBLEM SITES AND APPRAISAL OF WATER QUALITY I N  A PIEDMONT SETTING 

INTRODUCTION 

The movement of  c i t y  r e s i d e n t s  t o  suburban and r u r a l  a r e a s  has  

produced a tremendous i n c r e a s e  i n  t h e  number of homes served by s e p t i c  

t anks ,  which now a r e  t h e  l a r g e s t  s i n g l e  c o n t r i b u t o r s  of sewage t o  

groundwater i n  t h e  United S t a t e s  (Bouwer, 1978). According t o  M i l l e r  

e t  a l .  (1974), t h e  average f low of s e p t i c  e f f l u e n t  i s  0.15 t o  0 .3  m3 

p e r  person p e r  day; s e p t i c  t a n k s ,  t h u s ,  a r e  a s i g n i f i c a n t  source  of 

11 groundwater recharge ."  Because s ludge  accumulates and d i g e s t s  i n  t h e  

s e p t i c  t ank ,  t h e  e f f l u e n t  c o n t a i n s  r e l a t i v e l y  l a r g e  c o n c e n t r a t i o n s  of 

n i t r o g e n  and phosphorus (Sikora  e t  a l . ,  1976).  Because of improper 

d i s p o s a l  of i n d u s t r i a l  was te  i n  a number of s i t u a t i o n s ,  t h e  groundwater 

environment i s  faced  wi th  an ever - inc reas ing  number of s o l u b l e  chemicals.  

The v a s t  s u b s u r f a c e  r e s e r v o i r  of f r e s h  wa te r ,  which a few decades ago 

was r e l a t i v e l y  umblemished by man's a c t i v i t i e s .  i s  g r a d u a l l y  becoming 

degraded (Freeze  and Cherry,  1979).  

Problems of groundwater-qual i ty  d e g r a d a t i o n  a r e  i n  many ways mo're 

d i f f i c u l t  t o  overcome than  those  of s u r f a c e  water .  Due t o  t h e  he te ro -  

geneous n a t u r e  of t h e  subsurface-f low systems,  zones of  degraded ground- 

wa te r  a r e  ve ry  d i f f i c u l t  t o  d e t e c t .  The U .  S. Environmental P r o t e c t i o n  

Agency (EPA, 1977) has  r e p o r t e d  t h a t  almost  every  known i n s t a n c e  of 

a q u i f e r  contaminat ion has  been d i scovered  only  a f t e r  a water-supply w e l l  

h a s  been a f f e c t e d .  Groundwater p o l l u t i o n  o f t e n  r e s u l t s  i n  a q u i f e r s  o r  

p a r t s  of a q u i f e r s  becoming unusable  a s  sources  of wa te r  supply.  



There  i s  a n  e v e r - i n c r e a s i n g  need f o r  houses  i n  t h e  suburban a r e a s  

of  t h e  Piedmont, and c o n s i d e r a b l e  p r e s s u r e  h a s  been  p l a c e d  on c i t y  

governments t o  expand sewage l i n e s  i n t o  t h e s e  a r e a s .  The c o s t  t o  do 

s o  i s  tremendous and a l e g i t i m a t e  concern  of  c i t i z e n s  who a r e  a g a i n s t  

t h i s  expans ion  i s  d i s p l a y e d ,  e s p e c i a l l y  i f  a t r e a t m e n t  p l a n t  w i l l  be  

l o c a t e d  i n  a n  a r e a  where it  i s  n o t  wanted. The a l t e r n a t i v e  i s  t o  u s e  

s e p t i c  sys t ems .  The re fo re ,  a l a r g e - s c a l e  s t u d y  i n  t h e s e  a r e a s  was 

n e c e s s a r y  t o  i n fo rm t h e  p u b l i c  of t h e  e f f e c t  of s eepage  from s e p t i c  

f i e l d s  on w a t e r  q u a l i t y  and w a t e r - t a b l e  e l e v a t i o n  and t h e  q u a n t i t y  t h a t  

a s o i l  w i l l  abso rb  and p r o p e r l y  t reat .  



OBJECTIVES 

This investigation had the following objectives: 

1. To characterize the physiographic, geologic, and soil conditions 
of the site. 

2. To determine the effect of domestic waste (septic systems) on 
water-table elevation and water quality. 

3. To determine and reemphasize the importance of on-site soil 
and hydraulic investigations and the use of the information 
in designing septic systems for problem sites. [problem 
sites can be defined as soils having very low permeability 
(hydraulic conductivity), steep slopes (above 14%), high 
water table, shallow depth to impermeable layer, and short 
distances to streams, lakes, and rivers. ] 



DESCRIPTION OF THE STUDY SITE 

The a r e a  of s t u d y  i s  approx ima te ly  44  a c r e s ,  l o c a t e d  n o r t h  of  

McConnell Road, on t h e  e a s t  s i d e  of  t h e  c i t y  l i m i t s  of Greensboro ,  N . C .  

It i s  a  fas t -growing a r e a ,  w i t h  s e p t i c  sys tems on t h e  e a s t  d i v i d e  and 

a c i t y  sewer l i n e  on t h e  wes t  ( F i g u r e s  1 and 2 ) .  

A s  i n  t h e  s t u d y  a r e a ,  t h e r e  a r e  many p l a c e s  i n  t h e  Piedmont where 

t h e  r e s i d e n t s  do n o t  have  a c c e s s  t o  t h e  p u b l i c  sewer sys tem,  which i s  

t h e  b e s t  method of  sewage d i s p o s a l ,  s o  t h e y  must u s e  one  of  t h e  o n - s i t e  

d i s p o s a l  methods. Many t i m e s  t h e i r  c h o i c e  f s  t h e  one  of l e a s t  c o s t ,  b u t  

n o t  n e c e s s a r i l y  t h e  b e s t  f o r  t h e  s i t e .  Some a l t e r n a t i v e s  a r e  ou tdoor  

t o i l e t s ,  s e p t i c  t a n k s ,  and e v a p o r a t i o n  f i e l d s .  A f i e l d  e v a l u a t i o n  

shou ld  be  done t o  choose t h e  r i g h t  sys t em f o r  each  s i t e .  

I f  t h e  s e p t i c  sys tem is  w e l l - c o n s t r u c t e d  b u t  s o i l  p r o p e r t i e s  and 

o t h e r  s i t e  pa rame te r s  a r e  "poor ,"  t h e  sys tem w i l l  f a i l ,  and i t  w i l l  f a i l  

e a r l y .  A commonly used sys tem a t  t h i s  t ime  i s  one  i n  which t i l e  l i n e s  

l e a d  from t h e  house  t o  a s e p t i c  t a n k ,  and t h e  ove r f low from t h e  s e p t i c  

t a n k  i s  d i s p e r s e d  ove r  a n  area c a l l e d  a "seepage f i e l d "  (Manual of  S e p t i c  

Tank P r a c t i c e ,  1967,  and Methods of P r e v e n t i n g  F a i l u r e  of S e p t i c  Tank 

P e r c o l a t i o n  System, 1967) .  The t i l e  l i n e s  a r e  l a i d  i n  t r e n c h e s  and a r e  

sur rounded by s m a l l  s t o n e s  o r  s u i t a b l e  envelope  m a t e r i a l .  The t r e n c h e s  

a r e  t h e n  covered  w i t h  e a r t h  and g r a s s e d .  When s o i l  p r o p e r t i e s  and s i t e  

pa rame te r s  a r e  cons ide red  and t h e  s e p t i c  t a n k  is  w e l l - c o n s t r u c t e d ,  t h e  

sys t em w i l l  f u n c t i o n  p r o p e r l y  f o r  many y e a r s .  S e p t i c  sys tem f a i l u r e s  

a r e  r e a d i l y  a p p a r e n t  i n  t h e  s t u d y  a r e a .  The s i t e  i s  s o f t  (boggy);  g r e e n  

g r a s s ,  a  f o u l  s m e l l ,  and f l i e s  a r e  p r e s e n t .  Such sys tems c o n s t i t u t e  a  

h e a l t h  h a z a r d ,  s o  p r o p e r  s i t e  i n v e s t i g a t i o n s  canno t  b e  over looked.  







Some of t h e  t e n a n t s  seem t o  compensate f o r  poor s o i l  a b s o r p t i o n  

q u a l i t i e s  by hav ing  two o r  more l o t s .  About f o u r  of t h e  landowners have  

v e r y  b i g  "yard" a r e a s ,  w i t h  t h e  a b s o r p t i o n  f i e l d s  l o c a t e d  w i t h i n  t h e  

a d d i t i o n a l  l o t s .  These owners have enough s p a c e  f o r  a  second 

a b s o r p t i o n  f i e l d ,  a n o t h e r  p o s s i b i l i t y  f o r  problem s o i l s .  However, i t  

i s  impor t an t  t o  remember t h a t  most a b s o r p t i o n  sys t ems  f a i l e d  because  

t h e y  were  l o c a t e d  on p o o r l y  d r a i n e d  s o i l s .  T h e r e f o r e ,  s e v e r a l  deep and 

sha l low w e l l s  were  c o n s t r u c t e d  on t h e  e x p e r i m e n t a l  s i t e  t o  e v a l u a t e  t h e  

pa rame te r s  c a u s i n g  p o l l u t i o n .  The deep  w e l l s  a re  l o c a t e d  on t h e  s i t e  i n  

a g r i d  p a t t e r n  a s  shown i n  F i g u r e  1. Shallow w e l l s  a r e  p l a c e d  c l o s e  t o  

t h e  deep w e l l s  i n  t h e  g r a s s e d  a r e a  downslope from t h e  s e p t i c  f i e l d s .  

S p e c i a l  a t t e n t i o n  was p l a c e d  on d a t a  c o l l e c t e d  from t h e  g r a s s e d  a r e a  on 

t h e  e a s t  s i d e  a d j a c e n t  t o  and downslope from t h e  s e p t i c  f i e l d s  because  t h e  

assumpt ion  was made t h a t  w a t e r  from t h e  s e p t i c  t a n k s  would move downh i l l  

t o  t h e  s t r e a m  and pond. 



DESCRIPTION OF WEL8LS ON THE SITE 

The site is underlain by bedrocks consisting of granite. The 

bedrock is overlain by saprolite derived from weathering of the granite. 

The deep wells are designed to sample groundwater in the underlying 

geologic material, which is described by Heath as being predominantly 

of granitic origin. It is deeply weathered and contains a large number 

of unweathered boulders that are liberally scattered throughout the 

saprolite material above the bedrock. Groundwater is found in rock 

fractures, coarse deposits within the areas along the streams, in the 

saprolite and in discharge areas within the watershed. These discharge 

areas form numerous seepage points and springs throughout the study 

area. 

A major objective in choosing the well sites was to cover a cross 

section of the watershed so as to be able to thoroughly sample all 

water-bearing material within the study area (Figures 1 and 14). 

In order to place the wells on the study site in the desired 

locations, a small motorized hydraulic digger was used to construct 

wells less than 10-ft deep. This rig was found to be effective in the 

flood plain area that consisted of "fill" materials and well-weathered 

saprolite that was largely free of rocks and boulders. An air rotary 

system was used on the upper slopes, thus permitting well construction 

to a depth of 40 ft, with no deference to large, unweathered granite 

boulders. This large, modified air rotary system, with a pneumatic 

hammer at the lower end of the drill pipe, combines the percussion 

effect of the cable-tool and the rotating action of a rotary drill 

and is commonly called a "down-the-tool" hammer. The bit was a large, 

heavy steel hammer, approximately 12 in. in diameter, equipped with 

tungsten-carbide inserts and supplied with compressed air at a 



p r e s s u r e  of  200 p s i  f o r  t h e  removal of c u t t i n g s .  On s e v e r a l  o c c a s i o n s ,  

some d i f f i c u l t y  was encoun te red  i n  d r i l l i n g  th rough  l a y e r s  of  s t i f f  

c l a y .  T h i s  problem was s o l v e d  by i n t r o d u c i n g  w a t e r , . w h i c h  e s s e n t i a l l y  

s u p p l i e d  a d r i l l i n g  f l u i d .  R e s u l t s  were s i m i l a r  t o  t h o s e  o b t a i n e d  

when h y d r a u l i c  r o t a r y  d r i l l i n g  i s  used  f o r  t h e  removal  of c u t t i n g s  

from t h e  b o r e h o l e .  There  was s u f f i c i e n t  pumping i n  " w e l l  development" 

t o  remove a l l  traces o f  i n t r o d u c e d  w a t e r .  

F i g u r e  1 5  is  a d iagram of a  completed w e l l .  There are a d d i t i o n a l  

s t r u c t u r e s  n o t  shown i n  t h e  diagram. A p r o t e c t i v e  s e c t i o n  of 8- in . -d iameter  

s t e e l  t u b i n g  e x t e n d s  from t h e  bottom of t h e  c o n c r e t e  cap  t o  approx ima te ly  

1 i n .  above t h e  P.V.C. c a s i n g .  The p r o t e c t i v e  metal t u b i n g  was a l s o  

capped w i t h  a  metal l i d  and locked f o r  d e f e n s e  a g a i n s t  vanda l s .  In 

a d d i t i o n ,  each  w e l l  was f i t t e d  w i t h  a t r i p o d  s t a n d  f o r  t h e  i n s t a l l a t i o n  

of  w a t e r - l e v e l  r e c o r d e r s .  

The w e l l  c a s i n g s ,  made of 6-in. P.V.C. p i p e ,  were  f i t t e d  w i t h  

s c r e e n s  c o n s t r u c t e d  of 5 - f t  s e c t i o n s  of  6-in. P.V.C. t h a t  were 

capped a t  t h e  end. The s c r e e n s  were made by sawing two rows o f  s l o t s ,  

3  i n .  l ong ,  w i t h  1 /8 - in .  open ings ,  spaced 3 /8  i n .  a p a r t  ove r  t h e  

e n t i r e  l e n g t h  of t h e  5 - f t  P . V . C .  s e c t i o n s .  Pour rows of  s p a c e r s  were 

a t t a c h e d  t o  t h e  bottom cap  and t h e  s c r e e n  c o u p l i n g  t o  a i d  i n  c e n t e r i n g  

t h e  c a s i n g  i n  t h e  bo reho le .  The c a s i n g  was p l aced  i n  p o s i t i o n  

immedia te ly  a f t e r  t h e  b o r e h o l e  was comple ted ,  and a g r a v e l  pack ,  

c o n s i s t i n g  o f  f i n e  pea  g r a v e l ,  was p l a c e d  t o  t h e  d e p t h  o f  t h e  w e l l  

s c r e e n s  and s e a l e d  w i t h  6-in.  a l t e r n a t e  l a y e r s  of b e n t o n i t e  and sand 

as shown i n  t h e  diagram. 



PROCEDURE 

In order to characterize the site's ability to treat waste, the 

following on-site investigations were done: 

1. Topographic Survey 

2. Soil-Type Evaluation 

3. Hydraulic Conductivity Measurements 

a) Auger Hole 

b) Deep Pits 

c) Double-Ditch 

4. Percolation Test 

5. Profile Examination--from Observation Pits 

a) Depth to Groundwater 

b) Depth to Restricting Layer(s) 

6. Infiltration 

Topographic Survey 

A topographic survey was done in order to determine slope and slope 

length and drainage pattern (Figures 2 and 3). From a contour or 

topographic map, the engineer can decide on the type of system that 

will perform the best if a septic system is to be installed. The topo- 

graphic survey was done by the grid method--that is, by staking the site 

out in 100-foot square grids. Contours were plotted at one-foot 

intervals (Figure 2). The slope ranges from 0-2% in the flood plain to 

approximately 14% just outside the study area. This range is acceptable, 

since problem slopes range from 15--20% (Parker et al., 1977). 





The topograph ic  su rvey  i s  a  v i t a l  p a r t  of t h e  o n - s i t e  i n v e s t i g a t i o n s .  

It can  h e l p  t h e  e n g i n e e r  d e c i d e  on t h e  most s u i t a b l e  was t e -d i sposa l  

system. For  example, on s l o p e s  t h e  e n g i n e e r  might choose  a s e r i a l  

d i s t r i b u t i o n  sys t em o r  mound d i s p o s a l  system. Along w i t h  t h e  t o p o g r a p h i c  

s u r v e y ,  a  thorough v i s u a l  su rvey  shou ld  be done t o  n o t e  any abnormal o r  

o u t s t a n d i n g  f e a t u r e s  w i t h i n  t h e  100-foot  g r i d  ( e . g . ,  u n d u l a t i o n s ,  r o c k  

o u t c r o p ,  s e e p s ,  o r  s p r i n g s ) .  S lopes  a f f e c t  w a t e r  movement, i n f i l t r a t i o n ,  

and r u n o f f .  Convex s l o p e s  c a u s e  w a t e r  t o  move o f f  much f a s t e r  t h a n  concave 

s l o p e s ,  s o  they  w i l l  d r y  f a s t e r  and s t a y  d r i e r  f o r  l o n g e r  p e r i o d s  of t i m e .  

These s l o p e s  a r e  t h e r e f o r e  more a c c e p t a b l e  f o r  s e p t i c  a b s o r p t i o n  sys t ems  

i f  s o i l  p r o p e r t i e s  and o t h e r  s i t e  pa rame te r s  are w i t h i n  a c c e p t a b l e  l i m i t s .  

S o i l - T y p e E v a l u a t i o n  

S o i l - t y p e  e v a l u a t i o n s  were  made from a  d e t a i l e d  s o i l  s u r v e y ,  and 

s o i l s  were  found t o  b e  a p r i m a r i l y  complex a s s o c i a t i o n  of  Enon, Wilkes ,  

Mecklenburg, Helena-Sedgef ie ld ,  and I r e d e l l .  (See T a b l e  1 and F i g u r e  4 . )  

S o i l s  i n  t h e  s t u d y  area where t h e  o n - s i t e  i n v e s t i g a t i o n s  were  done are 

comprised mos t ly  of  Enon, Helena-Sedgef ie ld ,  and I r e d e l l .  

Absorp t ion  s i tes  f o r  a n  area are b e s t  de termined by o n - s i t e  i n v e s t i -  

g a t i o n s .  S o i l  maps, o f t e n  c o n s i d e r e d  u s e f u l  f o r  t h i s  pu rpose ,  a r e  n o t  

a s  a c c u r a t e  a s  p r o p e r l y  done o n - s i t e  s u r v e y s ,  and t h e r e f o r e  shou ld  b e  
* - 

used  o n l y  a s  a  g u i d e  i n  s e l e c t i n g  a s i t e  f o r  t h e  d i s p o s a l  o f  s e p t i c  

t a n k  e f f l u e n t .  

I n  o r d e r  t o  examine t h e  s o i l  sys tem c l o s e l y ,  p i t s  were dug o v e r  t h e  

s i t e  on a  200-foot-by-150-foot g r i d ,  w i t h  auge r  h o l e s  a t  c l o s e r  i n t e r v a l s .  

P i t  d e p t h s  v a r y  from f i v e  t o  t e n  f e e t .  Marked changes i n  t h e  wea the r ing  

o f  p a r e n t  m a t e r i a l  were  no ted  t o  o c c u r  i n  d i s t a n c e s  o f  a few f e e t .  S o i l  

f e a t u r e s  r a n g e  from a v e r y  t h i n  grayish-brown t o p  s o i l  t o  o v e r  1 5  i n .  of  



Table 1. *Soil survey legend. (N. C. A&T State University Environmental 
Studies Laboratory, Guilford County, North Carolina) 

- 
Slope Conditions 

Symbol Soil Type (XI 

Ch Chewaclo sandy loam 

EnB 

EnC 

EnD 

Enon fine sandy loam 

Enon fine sandy loam 

Enon fine sandy loam 

HhB Helena-Sedgefield sandy loam 0- 6 

HhC Helena-Sedgefield sandy loam 10-15 

IrB Iredell fine sandy loam 0-6 

MhB Mecklenburg loam 

Mecklenburg clay loam 

Wehadkee silk loam 

Wilkes sandy loam 

Wilkes sandy loam 

Wilkes sandy loam 

ML Made land 

*Done by the USDA, SCS, Raleigh, North Carolina. 



Experimental Plot 

F i g u r e  4 .  Soil map of the experimental plot and area occupied 
by unsewered homes. 



d a r k  brown t o p  s o i l ,  f r t m  s o f t ,  wel l -weathered  s a p r o l i t e  t o  ha rd  

s a p r o l i t e  w i t h  f i s s u r e s .  Cobbles and b o u l d e r s  were  observed  from f o u r  

f e e t  below s o i l  s u r f a c e  t o  a  t en - foo t  dep th .  I n  some p i t s ,  t h e r e  i s  

a  band o f  c l a y  o v e r  a  l a y e r  o f  w e l l - s t r u c t u r e d  c l a y  loam. Because o f  

t h e  d i f f e r e n c e s  i n  s o i l  t y p e s  and w i t h i n  s o i l  p r o f i l e s ,  t h e  s i t e  can 

be  c l a s s i f i e d  a s  a  marg ina l  one f o r  year-round d w e l l i n g  i f  t h e  

domes t i c  w a s t e  i s  t o  be t r e a t e d  by s e p t i c  t a n k s .  G e o l o g i c a l  c h a r a c t e r i s t i c s  

shou ld  b e  c o n s i d e r e d  i n  e v a l u a t i n g  t h e  s i tes '  c a p a c i t i e s  t o  a b s o r b  s e p t i c  

t a n k  e f f l u e n t ,  s i n c e  t h e y  can  c o n t r o l  t h e  p a t h  t h a t  wa te r  ( e . g . ,  w a s t e  

w a t e r )  w i l l  t a k e  t o  r e a c h  t h e  groundwater .  I n  some p i t s ,  wa te r  was 

observed  t o  move i n  a t  d i f f e r e n t  p o i n t s ,  w h i l e  no  wa te r  was seen  

s e e p i n g  i n t o  o t h e r s .  Some p i t s  showed good s o i l  s t r u c t u r e  and o t h e r s  

showed poor s t r u c t u r e .  I f  t h e s e  a r e a s  o f  good s o i l  s t r u c t u r e  can be  

p i n p o i n t e d ,  a n  e f f i c i e n t  a b s o r p t i o n  sys tem cou ld  be  l o c a t e d  a t  such  

a  p o i n t .  S i n c e  t h e  s t u d y  showed d i f f e r e n t  s o i l  v a r i a t i o n s  ove r  t h e  

a r e a ,  c r i t e r i a  shou ld  be  e s t a b l i s h e d  f o r  t h e  d e s i g n  of  s e p t i c  absorp-  

t i o n  f i e l d s  on s i t e s  t h a t  e x h i b i t  such  v a r i a t i o n s .  One a l t e r n a t i v e  

would be  t o  s e l e c t  t h e  a r e a  t h a t  w i l l  a b s o r b  and t r e a t  t h e  e f f l u e n t  

p r o p e r l y ,  even i f  t h i s  means s h i f t i n g  t h e  proposed f o u n d a t i o n  s i t e .  

Two o t h e r  a l t e r n a t i v e s  would b e  t h e  u s e  o f  a s e r i a l  d i s t r i b u t i o n  

sys tem o r  a  mound system. An expe r i enced  pe r son  should  d e c i d e  on t h e  

a p p r o p r i a t e  d e s i g n .  However, i t  i s  impor t an t  t o  remember t h a t  most 

a b s o r p t i o n  sys tems f a i l e d  because  t h e y  were l o c a t e d  on p o o r l y  d r a i n e d  s o i l s .  

Hydrau l i c  C o n d u c t i v i t y  Measurements 

It h a s  been shown e x p e r i m e n t a l l y  t h a t  t h e  f l o w  r a t e  Q/t  (volume/ 

t ime)  depends on some v a l u e  h .  (See F i g u r e  5 . )  I f  h  i s  z e r o ,  t h e r e  

w i l l  be  no f low.  The g r e a t e r  t h e  v a l u e  o f  h ,  t h e  g r e a t e r  t h e  f low.  



V e r t i c a l  S o i l  Column 

Hor izon ta l  S o i l  Column 

F igure  5. P l o t  of Q/ t  vs. h f o r  v e r t i c a l  and h o r i z o n t a l  
p o s i t i o n s  f o r  c l a y  s o i l  ( a f t e r  R .  W. Skaggs, 1 9 7 5 ) .  

I SOIL h 

HI 

I 
0 : -1 

REF LEVEL OR DATUM -- --- 
F i g u r e  6 .  Dependence of f low on h where  h = HI - ti2 ( a f t e r  R .  W. Skaggs. 

1975) .  



T h e r e f o r e ,  h  c a n  b e  c a l l e d  a d r i v i n g  f o r c e .  It was found t h a t  t h e  

f low r a t e  f o r  a  g iven  h depended on t h e  t y p e  o f  s o i l .  T h i s  e f f e c t  

depends a l s o  on t h e  v a l u e  o f  t h e  s l o p e  m. T h i s  m i s  a l s o  c a l l e d  t h e  

h y d r a u l i c  c o n d u c t i v i t y  (K). 

From t h e  v a l u e s  shown i n  F i g u r e  6: 

h = H1 - H2 

The 

can 

- - -. - 
where L  = Length o f  s o i l  sample. 

where A = Area o f  s o i l  sample and m is  t h e  h y d r a u l i c  c o n d u c t i v i t y .  
Equat ion  2 was developed from F i g u r e  6 where t h e  f u n c t i o n  of t h e  
s t r a i g h t  l i n e s  y  = mx + b;  b  = 0. 

Equat ion  2 i s  more c o n v e n i e n t l y  w r i t t e n  a s :  

where K i s  t h e  h y d r a u l i c  c o n d u c t i v i t y  (m = K). 

h y d r a u l i c  c o n d u c t i v i t y  (K) o r  p e r m e a b i l i t y ,  a s  i t  i s  o f t e n  c a l l e d ,  

b e  d e f i n e d  a s  t h a t  q u a l i t y  o f  t h e  s o i l  t h a t  e n a b l e s  i t  t o  t r a n s m i t  

wa te r .  It can  a l s o  b e  s imply  d e f i n e d  as t h e  p r o p o r t i o n a l i t y  c o n s t a n t  

between t h e  h y d r a u l i c  g r a d i e n t  (HI - Hq) and t h e  f l u x  q = Q. U n i t s  
L At 

o f  K a r e  u s u a l l y  m/day, i n c h / h r .  o r  cmlhr.  Some w r i t e r s  p r e f e r  t o  u s e  

t h e  t e rm p e r m e a b i l i t y  r a t h e r  t han  c o n d u c t i v i t y .  

Healy and Laak (1974) d e f i n e d  t h e  h y d r a u l i c  c o n d u c t i v i t y  of a  

s eepage  f i e l d  a s  t h e  number of g a l l o n s  of  c l e a r  w a t e r  p e r  day t h a t  

can b e  absorbed by t h e  f i e l d .  They went on t o  s a y  t h a t  t h e  c o n d u c t i v i t y  

of a f i e l d  depends on a  number of  f a c t o r s ,  i n c l u d i n g  t h e  p e r m e a b i l i t y  

of  t h e  s o i l .  I n  t h i s  s e n s e ,  t h e i r  h y d r a u l i c  c o n d u c t i v i t y  i n c l u d e s  K .  

However, i t  shou ld  n o t  be  t aken  a s  t h e  d e f i n i t i o n  f o r  t h e  c o n d u c t i v i t y  K. 



R. J .  O t i s  e t  a l .  (1977) s t a t e d  t h a t  p e r m e a b i l i t y  can  be  measured 

q u a n t i t a t i v e l y  a s  t h e  r a t e  of w a t e r  f l ow th rough  a u n i t  c r o s s  s e c t i o n  

of s o i l  ( s u b j e c t e d  t o  u n i t  h y d r a u l i c  g r a d i e n t )  i n  u n i t  t i m e ,  which i s  

how c o n d u c t i v i t y  i s  u n i v e r s a l l y  d e f i n e d .  

Hydrau l i c  c o n d u c t i v i t y  i s  t h e  t e rm t h a t  w i l l  b e  used i n  t h e  

remaining  p o r t i o n  of  t h i s  r e p o r t  t o  d e n o t e  p e r m e a b i l i t y .  Hydrau l i c  

c o n d u c t i v i t y  i s  a v e r y  impor t an t  s o i l  p r o p e r t y ,  and i t  shou ld  b e  

e s t i m a t e d  by more t h a n  one method i f  p o s s i b l e .  

For t h i s  s t u d y ,  t h r e e  f i e l d  methods of de t e rmin ing  t h e  s a t u r a t e d  

h y d r a u l i c  c o n d u c t i v i t y  were  compared : 

1. Auger Hole Method 

2 .  P i t  Method 

3 .  Double-Ditch Method 

Auger Hole Method 

The a u g e r  h o l e  method i s  one  of t h e  most w ide ly  used  methods i n  

de t e rmin ing  c o n d u c t i v i t y  i n - s i t u .  It was done a c c o r d i n g  t o  d i s c u s s i o n s  

by Bouwer and Jackson ,  1974;  E.  C .  C h i l d s ,  e t  a l . ,  1953;  and D .  Ri r lwan 

1955. 

P i t  Method 

The p i t  method c l o s e l y  fo l lowed t h e  p rocedure  of Healy and Laak 

(1974).  The p i t  d e p t h s  r ange  from 6 '3"  t o  7'13" w i t h  

a n  a v e r a g e  s u r f a c e  area of 24 s q  f t ( 6 '  X 4 " )  , (See F i g u r e  7 ) . 
Water was a l lowed t o  r ise i n  t h e  p i t s  u n t i l  a n  e q u i l i b r i u m  c o n d i t i o n  

was r eached .  A f t e r  t h i s ,  t h e  p i t s  were  pumped t o  some d e p t h ,  and t h e  

rise of w a t e r  wag t imed.  The c o n d u c t i v i t y  w a s  c a l c u l a t e d  u s i n g  t h e  

f o l l o w i n g  e q u a t i o n :  





For a  more d e t a i l e d  d i s c u s s i o n ,  p l e a s e  r e f e r  t o  t h e  pape r  by Healy 

and Laak, 1974. 

Double-Ditch Method 

F o r  t h e  doub le -d i t ch  method, d i t c h e s  o r  t r e n c h e s  6-8 f t  a p a r t  

(about  t h e  s p a c i n g  of  a b s o r p t i o n  f i e l d  d r a i n s )  were dug t o  t h e  

impermeable l a y e r .  Water was poured i n t o  t h e  d i t c h e s  t o  b r i n g  t h e  

a r e a  i n  and around them t o  s a t u r a t i o n .  (This  was done f o r  t h r e e  d a y s . )  

Heads o f  1 . 7  and 1 . 0  f t  were main ta ined  i n  t h e  t o p  and bottom 

d i t c h e s  r e s p e c t i v e l y .  (See F i g u r e  8 . )  The t ime  i t  took  t h e  wa te r  

t o  move from t h e  1 . 0 - f t  l e v e l  t o  a marked p o i n t  i n  t h e  bottom d i t c h  

was n o t e d .  Three r e p l i c a t i o n s  were  done a t  each  l o c a t i o n  and t h e  

c o n d u c t i v i t y  was c a l c u l a t e d .  

Sample Calculations 

1. Length  of  D i t c h e s  = 1 4 . 5  f t  

Width of D i t c h e s  = 2.05 f t  

Depth o f  Water i n  Top D i t c h  (HI) = 1.70  f t  

Depth of Water i n  Bottom D i t c h  (Hz) = 1 . 0  f t  

R i s e  of  Water i n  Bottom D i t c h  = Loss o f  Water i n  Top D i t c h  = 0.167'  (2  i n . )  

Time Taken t o  Nake R i s e  = 24 h r s .  

Avg. Depth = (1.70 + 1 . 0 )  = 1 . 3 5  f t  
2 

I f  datum i s  t a k e n  a t  p o i n t  D ,  F i g u r e  8 ,  t h e n ,  

Head i n  - Head out*  = 2 .9 '  - 1 . 0 '  = 1 . 9  f t  

Length  i n  - Length  o u t  = 0 - 6 = -6 f t  



The f low r a t e  f o r  t h i s  c a s e  i s  g i v e n  by: 

Q =  he dh; where i s  t h e  l e n g t h  of t h e  d i t c h e s  i n t o  t h e  paper .  - 
d x 

I n  t h i s  c a s e ,  L was 1 4 . 5  f t .  

Taking a n  a v e r a g e  v a l u e  of h = 1 .35 '  and dh = -0.3167' ,  - 
dx 

Q can  now be  w r i t t e n  a s :  

T o t a l  Volume o f  w a t e r  e n t e r i n g  o r  l e a v i n g  d i t c h  i n  24 h r s .  = 2.05'  X 

14 .5 '  X 0.167'  = 4 ,96  f t 3 .  Then t h e  f l o w  r a t e  is: 

Q = 4.96 f t 3  = 0.207 f t 3  = 6.2K f t  - 2 

24 h r s .  h r  . 
K = 0.0334 f t l h r .  = 0.4  j n . / h r .  = 1.016 cmlhr.  

Using t h e  e q u a t i o n  f o r  s l o p i n g  s o i l s ,  q = -KhoS, and F i g u r e  8 ,  we can  

a l s o  w r i t e  Q a s :  

Q = qL = -KhoLS. (S = Slope .  ) 

ho was de termined from t h e  f o l l o w i n g  e q u a t i o n :  

ho was found t o  b e  2 .2 ' .  

From which K = 0.032 f t l h r .  = 0.39 i n . / h r .  = 0.984 cm/hr. = 1 cmlhr.  

Table  2 shows r e a s o n a b l y  c l o s e  agreement among t h e  t h r e e  f i e l d  

methods. The r ange  between each  method seems t o  depend on v a r i a t i o n  

i n  t h e  s o i l .  

For s o i l s  w i t h  v a r y i n g  a b s o r p t i o n  c a p a c i t i e s ,  s e r i a l  d i s t r i b u t i o n  

may have bo be  used .  With t h i s  t y p e  of d i s t r i b u t i o n ,  each  a r e a  may t r e a t  

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



n. ~ ' l g u r e  8. S c h e m a t i c  o f  t h e  d o u b l e - d i t c h  method f o r  
d e t e r m i n i n g  h y d r a u l i c  c o n d u c t i v i t y  (K) . 



Table  2 .  R e s u l t s  of K de te rmina t ion  i n - s i t u .  

Method P o s i t i o n  No. 

-- - -  - 

K va lues  i n  cmlhr, 

P i t  

P i t  

P i t  

P i t  

Auger Hole 

Auger Hole 

Auger Hole 

Auger Hole 

Auger Hole 

Auger Hole 

Auger Hole 

Double Di tch 

Double Di tch  

Double Di tch 

Double Di tch 2A 0.510 



P e r c o l a t i o n  T e s t  

For  pu rposes  of t h e  p e r c o l a t i o n  tes t ,  p e r c o l a t i o n  c o e f f i c i e n t  can  

b e  d e f i n e d  a s  t h e  r a t e  a t  which c l e a r  wa te r  moves th rough  t h e  s o i l  

p r o f i l e  under a  known head.  The method u s e d w a s t h e  s t a n d a r d  t e s t  

by t h e  G u i l f o r d  County Board o f  H e a l t h  Rules  and R e g u l a t i o n s  Manual 

Governing S e p t i c  Tank Systems (1976).  T h i s  t e s t  i s  a l s o  s i m i l a r  t o  

t h e  one  demonst ra ted  i n  t h e  A g r i c u l t u r a l  In fo rma t ion  B u l l e t i n  #349 

of  t h e  S o i l  Conse rva t ion  S e r v i c e  i n  a n  a r t i c l e  w r i t t e n  by Wil l iam H. 

Bender. 

At p r e s e n t ,  s e p t i c  a b s o r p t i o n  f i e l d  d e s i g n  i s  based  on i n f o r m a t i o n  

o b t a i n e d  from p e r c o l a t i o n  tests ,  though some r e s e a r c h e r s  ( e . g . ,  Healy 

and Laak, October  1974,  and O t i s  e t  a l . ,  1977) b e l i e v e  t h e  t e s t  i s  

t o o  v a r i e d  a n  i n d i c a t o r  f o r  de t e rmin ing  t h e  s o i l  a b s o r p t i o n  c a p a c i t y .  

P o s s i b l e  a l t e r n a t i v e s  cou ld  b e  t h e  u s e  of deep p i t s  o r  t r e n c h e s  

(Healy and Laak, October  1974) and t h e  "bottom" of t h e  i n f i l t r a t i o n  

c u r v e  ( F i g u r e  9 ) ,  t h a t  i s ,  t h e  s a t u r a t e d  i n f i l t r a t i o n  rate.  

P e r c o l a t i o n  tests performed th roughou t  t h e  s t u d y  a r e a  showed a 

r a n g e  of app rox ima te ly  0 .9  i n .  / h r .  t o  1 .25  i n .  / h r .  An a v e r a g e  r a t e  

of  1 . 0  i n .  p e r  hour  i s  w i t h i n  t h e  a c c e p t a b l e  r a n g e  f o r  s e p t i c  sys tem 

i n s t a l l a t i o n s  (Gu i l fo rd  County Board of Hea l th  Ru les  and R e g u l a t i o n s  

Manual Governing S e p t i c  Tank Systems,  1976,  and Manual of S e p t i c  Tank 

P r a c t i c e ,  1967) .  A t  t h i s  r a t e ,  t h e  e f f e c t i v e  a b s o r p t i o n  a r e a  p e r  

2 
bedroom would b e  w i t h i n  t h e  r ange  of 340 f t  . Such s i t e s  can  b e  used  

f o r  v a c a t i o n  homes and a r e  marg ina l  f o r  year-round d w e l l i n g .  The homes 

a d j a c e n t  t o  t h e  s t u d y  a r e a  a r e  permanent r e s i d e n c e s  w i t h  s e p t i c  

sys t ems ,  and w e l l s  s u p p l y i n g  wa te r  f o r  domest ic  pu rposes .  The f i n a l  

r e s u l t s  o f  t h i s  p r o j e c t  can b e  used  t o  de t e rmine  i f  t h e s e  homes should  





be  a l lowed t o  c o n t i n u e  u s i n g  s e p t i c  sys tems o r  i f  t h e y  shou ld  be  

connected  t o  t h e  c i t y  sewer l i n e ,  which p a s s e s  nea rby .  

Depth t o  Impermeable Layer 

Depth t o  impermeable l a y e r  was e s t a b l i s h e d  u s i n g  o b s e r v a t i o n  

p i t s  a s  w e l l  a s  auge r  h o l e s .  I n  many p i t s ,  t h e  groundwater -bear ing  l a y e r  

i s  o v e r l a i n  by t h e  impermeable l a y e r .  Determining  t h e  d e p t h  t o  t h e  
- - 

r e s t r i c t i v e  l a y e r  i s  a  v e r y  impor t an t  g e o l o g i c  f a c t o r  i n  a b s o r p t i o n -  

sys t em d e s i g n s .  On t h i s  s i t e ,  t h e  r e s t r i c t i v e  l a y e r  i s  f a i r l y  

s h a l l o w  and i s  composed of c l a y  and s a p r o l i t e  o r  of c l a y  on ly .  The 

c l a y  l a y e r  was found mos t ly  downslope under  sandy s i l t  o r  s i l t y  

loam; s a p r o l i t e  could  be seen  i n  v a r i o u s  s t a g e s  of  wea the r ing .  

As d e p t h  i n c r e a s e d  i n t o  t h e  s a p r o l i t e ,  dark-colored  c r a c k s  cou ld  be  

seen--an i n d i c a t i o n  t h a t  t h e  groundwater  h a s  been moving up o r  

of downward w a t e r  movement. These s i g n s  show t h a t  u n f i l t e r e d  e f f l u e n t  

can  r e a c h  t h e  groundwater  i f  due  c o n s i d e r a t i o n  of s o i l  and s i t e  p r o p e r t i e s  

i s  n o t  t a k e n  i n t o  accoun t  i n  d e s i g n i n g  t h e  system. The r e s t r i c t i v e  l a y e r  

was found a t  d e p t h s  of  60 cm t o  1 m. On s l o p i n g  s o i l s ,  t h e  impermeable 

l a y e r  may i n t e r s e c t  t h e  ground s u r f a c e ,  t h e r e b y  c a u s i n g  u n t r e a t e d  

w a t e r  t o  s u r f a c e  o r  f l ow o v e r l a n d .  S e p t i c  sys t em f a i l u r e s  a r e  l e s s  

p r e v a l e n t  i n  a r e a s  o f  low r a i n f a l l .  Another  d i s a d v a n t a g e  of hav ing  

a  s h a l l o w  impermeable l a y e r  i s  t h a t  was tewater  may pond, t h u s  c a u s i n g  

e f f l u e n t  t o  s u r f a c e  i n  h i g h  r a i n f a l l  areas. I n  o t h e r  words,  ponded 

w a t e r  w i l l  r educe  i n f i l t r a t i o n  and p e r c o l a t i o n .  The example problems 

c l e a r l y  show t h a t  t h e  c l o s e r  t h e  r e s t r i c t i v e  l a y e r  i s  t o  t h e  s o i l  

s u r f a c e ,  t h e  l o n g e r  t h e  t r e n c h e s  w i l l  need t o  be.  The a b s o r p t i o n  f i e l d  

w i l l  a l s o  be  l a r g e r .  Thi.s i s  a l s o  t r u e  of  f i n e - t e x t u r e d  s o i l s  ( c l a y ) .  



Depth t o  Groundwater 

When s e p t i c  a b s o r p t i o n  sys tems a r e  l o c a t e d  t o o  c l o s e  t o  a r e a s  o f  

groundwater  d i s c h a r g e  ( s p r i n g s ,  s e e p s ) ,  t h e r e  i s  a r i s k  t h a t  u n t r e a t e d  

wa te r  may s u r f a c e .  Likewise ,  i f  t h e  sys tems are l o c a t e d  c l o s e  t o  a  

r e c h a r g e  a r e a ,  t h e r e  i s  t h e  p o s s i b i l i t y  o f  con tamina t ing  t h e  a q u i f e r s .  

Determining  t h e  d e p t h  t o  t h e  temporary o r  s e a s o n a l  h i g h  w a t e r  t a b l e  i s  

e s s e n t i a l .  A s o i l  a b s o r p t i o n  sys tem canno t  f u n c t i o n  e f f i c i e n t l y  i f  i t  

i s  s u b j e c t e d  t o  pro longed f l o o d i n g .  One f r e q u e n t  c a u s e  of  s e p t i c  

sys tem f a i l u r e  i s  t h e  p r e s e n c e  of t e m p o r a r i l y  h i g h  wa te r  t a b l e s  due 

t o  poor n a t u r a l  d r a i n a g e ,  h i g h  r a i n f a l l  d u r i n g  c e r t a i n  p e r i o d s  

(accompanied by low e v a p o t r a n s p i r a t i o n ) ,  seepage  from ups lope  a r e a s ,  

and poor o r  i n s u f f i c i e n t  d r a i n a g e  o u t l e t s .  The seepage  r a t e  from t h e  

a b s o r p t i o n  f i e l d s  w i l l  b e  reduced by h i g h  w a t e r  t a b l e s .  

The s e a s o n a l  h i g h  w a t e r  t a b l e  f o r  t h e  s t u d y  s i te  was de termined 

d i r e c t l y  by auge r  h o l e s  and o b s e r v a t i o n  p i t s  1.5-3.0 m deep  and some 

w e l l s  were  equipped w i t h  Leupold-Stevens t y p e  F w a t e r - l e v e l  r e c o r d e r s .  

Seasona l  h i g h  wa te r  r e a c h e s  i t s  maximum e l e v a t i o n  d u r i n g  t h e  l a t e  f a l l  

and e a r l y  w i n t e r  i n  t h e  Piedmont a r e a .  F i g u r e s  10 and 11 g i v e  a n  

i n d i c a t i o n  o f  t h e  w a t e r  l e v e l  i n  t h e  w e l l s  d u r i n g  t h e  s p r i n g  and summer 

s e a s o n s  (May and J u l y  1979) .  

The s i t e  h a s  a  s l o p e  r a n g e  of  0 t o  14%. S lop ing  s i t e s  a r e  

u s u a l l y  b e t t e r - d r a i n e d  t h a n  f l a t  l a n d s ,  s o  l a t e r a l  wa te r  movement i s  

l e s s  f r e q u e n t l y  a  problem. However, a s  s t a t e d  ear l ier ,  s l o p i n g  s i t e s  

w i t h  s h a l l o w  impermeable l a y e r ,  h i g h  w a t e r  t a b l e ,  and ups lope  seepage  

pose  a  problem i n  t h e i r  u s e  as a b s o r p t i o n  f i e l d s .  I f  sys tems a r e  t o  

f u n c t i o n  a d e q u a t e l y  on t h e s e  s i t e s ,  a n  expe r i enced  pe r son  should  be 

c o n s u l t e d .  



F i g u r e  10. Contolir of water s u r f a c e  a f t e r  r a i n f a l l  i n  ?lay 1379. (Contours a t  3- f t  i n t e r v a l s . )  (Water 
s u r f a c e  r o s e  due t o  heavy r a i n s . )  





From w e l l s  equipped w i t h  wa te r  l e v e l  r e c o r d e r s  and o b s e r v a t i o n  

p i t s ,  i t  was c o n c l u s i v e  t h a t  t h e  domes t i c  was t e  does  have a  d e f i n i t e  

e f f e c t  upon t h e  groundwater  e l e v a t i o n .  There  was a  marked d i f f e r e n c e  

i n  t h e  b e h a v i o r  of t he  w a t e r  t a b l e  on t h e  sewered s i d e  a g a i n s t  t h a t  

of  t h e  unsewered s i d e  ( s e p t i c  sys tem s i d e ) .  On t h e  unsewered s i d e ,  

w a t e r  a t  t i m e s  was abou t  10  t o  12  i n .  from t h e  s u r f a c e  f o r  s h o r t  

p e r i o d s .  T h i s  was n o t  s o  on s i m i l a r  s l o p e s  on t h e  sewered s i d e .  

With t h e s e  d i f f e r e n c e s  i n  measured v a l u e s ,  i t  i s  j u s t i f i a b l e  a t  t h i s  

t i m e  t o  e v a l u a t e  t h e  uni form f low d e p t h ,  ho ,  and u s e  t h e  e q u a t i o n  

p r e s e n t e d  by Harr t o  de t e rmine  t h e  f low r a t e ,  q ,  f o r  s l o p i n g  s o i l s .  

I n  c h a r a c t e r i z i n g  f low th rough  s l o p i n g  s o i l s ,  i t  i s  n e c e s s a r y  t o  

de t e rmine  t h e  r e l a t i o n s h i p  between des ign-f low r a t e  and t h e  w a t e r - t a b l e  

r i s e  i n  te rms of s o i l  p r o p e r t i e s  and s i t e  pa rame te r s .  The f l o w  r a t e  

can  be  a l t e r e d  by i n s t a l l i n g  an  u p s l o p e  o r  downslope d r a i n  o r  by 

a d j u s t i n g  t h e  l e n g t h  of t h e  d r a i n  t o  m a i n t a i n  a  p rede te rmined  water -  

t a b l e  d e p t h .  The s e a s o n a l  h igh  w a t e r ,  h l ,  was found by d i r e c t  

o b s e r v a t i o n  ( F i g u r e  1 2 ) ;  hl i s  t a k e n  t o  be  uni form a l o n g  t h e  s l o p e  and 

i s  c o n t r o l l e d  by t h e  o u t l e t  i n  t h e  f l o o d  p l a i n  and t h e  u p s l o p e  

seepage .  

I n  c h a r a c t e r i z i n g  t h e  f low,  t h e  Dupuit-Forchheimer a s sumpt ions  were 

made. The assumpt ions  are a s  f o l l o w s :  

(1)  For  s u r f a c e s  w i t h  a  s m a l l  s l o p e ,  t h e  s t r e a m  l i n e s  a r e  assumed 
h o r i z o n t a l  and t h e  e q u i p o t e n t i a l  l i n e s  v e r t i c a l .  

( 2 )  The h y d r a u l i c  g r a d i e n t  i s  e q u a l  t o  t h e  s l o p e  of  t h e  f r e e  
s u r f a c e  and i s  i n v a r i a n t  w i t h  dep th .  

Flow under  t h e s e  c o n d i t i o n s  i s  c a l l e d  uni form f low,  and t h e  f l o w  r a t e  

may be  w r i t t e n  a s :  

q  = -KhoS (Harr ,  1962) ------ 

where ho i s  t h e  uni form f low d e p t h ,  which i s  e q u a l  t o  hl from F i g u r e  1 2 ,  



ho = normal f low depth  

hl = h? = f low dep th  b e f o r e  s e p t i c  t a n k s  were i n s t a l l e d  

h3  = f low d e p t h  a f t e r  s e p t i c  t a n k s  were i n s t a l l e d  

qt  = f low r a t e  a f t e r  i n s t a l l a t i o n  o f  s e p t i c  t a n k s  

qn = f low r a t e  b e f o r e  s e p t i c  t a n k s  were  i n s t a l l e d  

a = S = s l o p e  

F igu re12 .  The e f f e c t  o f  s e p t i c  sys t ems  on w a t e r - t a b l e  e l e v a t i o n  on s l o p i n g  s i t e .  



and K i s  t h e  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y .  ho i s  i n  m e t e r s ,  S i s  

s l o p e  i n  m e t e r l m e t e r ,  and K i s  expres sed  i n  me te r lday .  q i s ,  t h e r e f o r e ,  

'3 
111 /m day. 

l lnrr  (1962)  prescntetl a method t o  d e t c r n ~ i n c  h, and c h a r a c t e r i z e  

f l o w  f o r  s l o p i n g  s o i l s .  Th i s  method i s  e x p l a i n e d  i n  S e c t i o n  2 .5  of 

Groundwater (1962).  The e q u a t i o n  i s  w r i t t e n  a s :  

where ho i s  an  a sympto t i c  uni form f l o w  d e p t h  and t h e  o t h e r  q u a n t i t i e s  

a r e  g i v e n  i n  F i g u r e  12 .  

A s  s t a t e d  e a r l i e r ,  s e p t i c  f i e l d s  were  a l r e a d y  i n s t a l l e d  o n - s i t e ,  

t h e r e f o r e  hl was de termined by u s i n g  o b s e r v a t i o n  p i t s  on t h e  wes t  

d i v i d e ,  which h a s  t h e  c i t y  sewer sys tem.  Then Ah w a s  added t c l  1 1 ~  (:I; = hl) 

t o  g i v e  h3. h3 i s  t h e  predetermined o r  minimum w a t e r - t a b l e  dep th  

r e s u l t i n g  from t h e  i n s t a l l a t i o n  of  s e p t i c  sys tems.  

The f o l l o w i n g  example demons t r a t e s  a method t h a t  can  be  used t o  

de t e rmine  t h e  d e s i g n  c a p a c i t y  of an  a b s o r p t i o n  f i e l d : $ ;  

( a )  hl w a s  found t o  b e  0 . 5 L  m 

h3 was l i m i t e d  t o  0.70 m 

S = 4 %  

Length of  S lope  = 91.44 m (300 ' )  

3.82 = ho I n  hl - ho 
h 3  - ho 

For  f (ho) = 3.82, ho was found t o  be  0.7007 m. T h i s  was 

found by t r i a l  and e r r o r ,  and i t  can  be o b t a i n e d  from Vi-g~tre 13 .  

>Walues used were o b t a i n e d  i n  t h e  f i e l d .  

- - - - - -- - 



F i g u r e  13. P l o t  of f ( h o )  vs .  ho. 



(b )  I f  t h e  s l o p e  l e n g t h  i s  made 61  m (200'1 t o  g e t  o u t  of  t h e  

f l o o d  p l a i n ,  t h e n :  

f ( h o )  = 0.70 - 0.54 + 0.04 (61  m) = 2.6 .  

which y i e l d s  ho = 0.704 m. 

( c )  I f  wa te r  can b e  t o l e r a t e d  a t  0 .25  m o r  10 i n .  below t h e  

s o i l  s u r f a c e ,  t h e n  h3 = 0.75  m. 

f ( h o )  = 0.75  - 0.54 + 0.04 (91.44)fc u s i n g  t h e  o t h e r  v a l u e s  i n  ( a )  

g i v i n g  a n  ho of  0.70062 m. 

From t h e  f o r e g o i n g  c a l c u l a t i o n s ,  ho changes v e r y  s l i g h t l y  f o r  l o n g  

s l o p e s  o r  l a r g e - s l o p e  t imes  l e n g t h  (SL) v a l u e s .  It seems t h a t  t h e  

s o l u t i o n  i s  n o t  v e r y  s e n s i t i v e  t o  t h e  s l o p e  l e n g t h  (L) .  T h i s  

s t a t e m e n t  i s  f u r t h e r  s t r e n g t h e n e d  by t h e  f o l l o w i n g  c a l c u l a t i o n  

f o r  q, .  qs w i l l  n o t  change s i g n i f i c a n t l y  s i r c e  t h e  change i n  h, 

i s  v e r y  s m a l l .  

Now t h a t  11, h a s  been  found,  t h e  f low r a t e  can be  c a l c u l a t e d  u s i n g  

t h e  f o l l o w i n g  e q u a t i o n :  

q t  = qs + qn = -KhoS 

q t  = t o t a l  f l u x  o r  f l ow 

qn = normal f low w i t h o u t  e f f l u e n t  

qn = -KhlS 

qs = f l o w  from s e p t i c  sys tem 

h, = 0.7007 m 

hl = 0.54  m f o r  normal f l o w  

*91.44 m = Slope  Length.  
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Figure  15 ,  Graphic r e p r e s e n t a t i o n  of deep wel l  f o r  sampling water  wi thin  
t h e  zone of s a p r o l i t e  m a t e r i a l .  



Average K = 0.24 m/day (from Tab le  1 ) .  

qS = q t  - qn 

qs = -KS (ho - hl) 

qs = -0.24 m/day x 0.04 m/m x 0.1607 m 

-qs = 0.00154 m3/m day 

qs i s  n e g a t i v e  s i n c e  f low i s  l e a v i n g  t h e  p r o f i l e  i n  t h e  n e g a t i v e  

d i r e c t i o n ,  o r  i n  t h e  d i r e c t i o n  o f  d e c r e a s i n g  head. 

3  . . qs = 0.00154 m / m  day. 

Flow from a  two-bedroom u n i t  was e s t i m a t e d  t o  be 200 gpd o r  0.76 

m3/day. T h i s  would r e q u i r e  a  s i n g l e  t r e n c h  o f  -0.76 m3/day - - 
0.00154 m j / m  dav 

4.92.5 m (1,619 f t ) ,  which i s  n o t  p r a c t i c a l .  

I f  a n  i n t e c e p t o r  d r a i n  is  i n s t a l l e d  ups lope  so  t h a t  o n l y  t h e  

f low,  qs,  w i l l  move downslope, t hen :  

qs = KhoS. 

3  qs = 0.24 m/day x 0.04 m/m x 0.7007 m = 0.0067 3m /m day,  

g i v i n g  a  t r e n c h  o f  113  m l o n g  (371 f t ) .  

Th i s  approach w i l l  now be  checked a g a i n s t  o t h e r  methods. 

Comparison w i t h  o t h e r  Methods 

Using P e r c o l a t i o n  R e s u l t s  

For a  one-inch-per-hour p e r c o l a t i o n ,  an  a b s o r p t i o n  a r e a  of 340 s q  

f t l bed room i s  r e q u i r e d  (Manual of S e p t i c  Tank P r a c t i c e ,  1967) .  T h e r e f o r e ,  

a two-bedroom house  would r e q u i r e  680 sq f t  of  space.  

For a  t r e n c h  wid th  of  2 f t ,  t h e  t o t a l  t r e n c h  I.cngth would be 

340 f t ,  i . e . ,  680 f t 2  = 103 m (340 f t ) .  
'I K L  

The G u i l f o r d  County Board of H e a l t h  Ru les  and R e g u l a t i o n s  Manual 

Governing S e p t i c  Tank Systems (1976) and t h e  Manual of  S e p t i c  Tank 

P r a c t i c e  (1967) recommend maximum t r e n c h  l e n g t h s  of  100 f t  and 200 f t ,  



r e s p e c t i v e l y .  Lengths  of 113 f t ,  o r  34 m,  f o r  each  of t h r e e  t r e n c h e s  

w i l l  f a l l  w i t h i n  t h e s e  l i m i t s .  Four t r e n c h e s  55  f t  (26 m) each  can 

a l s o  b e  used .  

The p r e v i o u s  problem y i e l d e d  a t r e n c h  l e n g t h  of 113  m (371 f t ) .  

Three  t r e n c h e s  38 m,  o r  4 t r e n c h e s  28 m long ,  can be  used .  There  i s  

good agreement between t h e  two methods used t o  f i n d  t h e  r e q u i r e d  

t r e n c h  l e n g t h .  

Using I n f i l t r a t i o n  R a t e  

I n f i l t r a t i o n  r a t e  was de t e rmined  i n  t h e  f i e l d  on I r e d e l l  and Enon 

s o i l s  u s i n g  t h e  double  r i n g  i n f i l t r o m e t e r  method a s  exp la ined  by Skaggs 

(1976).  The t e s t s  were c a r r i e d  o u t  f o r  60 min and 75 min f o r  t h e  Enon 

and I r e d e l l  s o i l  t y p e s ,  r e s p e c t i v e l y .  

The s a t u r a t e d  i n f i l t r a t i o n  r a t e  v a r i e d  from 0.012 mlday t o  0.020 

m/day. (See F i g u r e  9 . )  The i n f i l t r a t i o n  r a t e  was measured t o  de t e rmine  

whether  t h i s  p r o p e r t y  cou ld  b e  used  t o  s i z e  t h e  a b s o r p t i o n  f i e l d s .  

Using a r a t e  o f  0.016 m/day o r  0.048 cm/hr. ,  a  house d i s c h a r g i n g  

0.76 m3/day w i l l  r e q u i r e  a n  a b s o r p t i o n  f i e l d  o f :  

0 .76  m3/day * 0.016 m/day = 47.5 m2 ,  o r  512 f t 2  and w i t h  a  2 - f t  

t r e n c h  wid th .  

Trench l e n g t h  = 512 f t 2  = 256 f t  
2  f t  

Using Hydrau l i c  Conduc t iv i ty  

An a v e r a g e  h y d r a u l i c  c o n d u c t i v i t y  of  0.24 m/day (0.00055 f t /min )  , 

was used i n  Healy and Laak ' s  cu rve  on page 1136 of S i t e  E v a l u a t i o n  and 

Des ign  of  Seepage F i e l d s  (October 1974) ,  y i e l d s  a n  a c c e p t a n c e  r a t e  

of  app rox ima te ly  0 .35  g p d / f t 2 ,  which i s  e q u i v a l e n t  t o  1 .46  cmlday 

(0.0146 mlday).  This  accep tance  r a t e  would r e q u i r e  an  a b s o r p t i o n  



f i e l d  of 560 s q  f t :  0 .76  m3/day = 52.05 m2 (560 s q  f t ) .  The t r e n c h  
0.0146 mlday 

l e n g t h  = 560 f t 2  = 280 i t .  These two l a t t e r  methods show c l o s e  agreement .  
'l Tr. 

I n  g e n e r a l ,  a l l  methods compared d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  

More work w i l l  be  done w i t h  t h e  i n f i l t r a t i o n  p rocedure .  These 

t e s t s  w i l l  be run  f o r  much l o n g e r  p e r i o d s  w i t h  more r e p l i c a t i o n s  t o  

e s t a b l i s h  a  good a v e r a g e  s a t u r a t i o n  r a t e  v a l u e  which can  be  t r a n s f e r r e d  

t o  s i t e s  w i t h  s i m i l a r  c h a r a c t e r i s t i c s .  

Other  d e t e r m i n a t i o n s  ( d i s t a n c e s  t o  d i t c h e s ,  s t r e a m s ,  ponds,  and 

man-made o b j e c t s  and r a i n f a l l )  were made. A l l  of  t h e  houses  a r e  a t  

s a f e  d i s t a n c e s  from s t r e a m s ;  however, two a r e  c l o s e  t o  l a t e r a l  d i t c h e s  

t h a t  t a k e  runof f  from Cole  Road t o  a  n a t u r a l  w a t e r  way. The recommended 

minimum d i s t a n c e  f o r  l o c a t i o n  of  s e p t i c  a b s o r p t i o n  sys tems from s t r e a m s ,  

ponds,  d i t c h e s ,  and w e l l s  i s  50 f t ,  t o  p r e v e n t  s eepage  from s e p t i c  f i e l d s  

from r e a c h i n g  t h o s e  a r e a s  (Gu i l fo rd  County Board of  Hea l th  Ru les  and 

R e g u l a t i o n s  Manual Governing S e p t i c  Tank Systems, 1976) .  

Rain gauges were  i n s t a l l e d  o n - s i t e  s o  t h a t  r a i n f a l l  f o r  t h e  a r e a  

cou ld  be  a c c u r a t e l y  de termined.  The y e a r ,  1979,  saw u n u s u a l l y  h i g h  

and uni form r a i n f a l l .  A t  t h e  end of J u l y ,  t h e  amount of r a i n f a l l  was 

15-17 i n .  above normal f o r  t h e  a r e a ,  which k e p t  t h e  wa te r  t a b l e  a t  a  

h i g h  e l e v a t i o n  ( w i t h i n  15-40 i n .  of  t h e  s o i l  s u r f a c e ) .  A t  t i m e s ,  t h e  

w a t e r - t a b l e  e l e v a t i o n  was w i t h i n  1 2  i n .  of t h e  s o i l  s u r f a c e ,  b u t  o n l y  

f o r  s h o r t  p e r i o d s .  Dur ing  p e r i o d s  of  heavy r a i n f a l l ,  t h e  s m e l l  of  

raw sewage was d e t e c t e d  around s t a t i o n  1 9 ,  p i t s  A3 and B3-C3, a  

p o s s i b l e  i n d i c a t i o n  t h a t  raw sewage was s u r f a c i n g  o r  f l o w i n g  i n  a  nea rby  

d i t c h .  Yet ,  t h e  homeowners i n s i s t e d  t h a t  t h e y  had no problems.  



One c a u s e  f o r  t h i s  seems t o  be  t h a t  t h e  r a i n f a l l  was g r e a t e r  t h a n  t h e  

i n f i l t r a t i o n  c a p a c i t y .  Thus, t h e  wa te r  t a b l e  w i l l  r i s e  and f low ove r  

l a n d .  Other  f a c t o r s  could  c o n t r i b u t e  t o  t h i s ,  among which a r e :  a  

sha l low impermeable l a y e r  and low h y d r a u l i c  c o n d u c t i v i t y .  

A s eepage  f i e l d  shou ld  b e  a b l e  t o  a d e q u a t e l y  abso rb  t h e  s e p t i c  

t a n k  e f f l u e n t  a s  w e l l  a s  t h e  r a i n f a l l  f o r  t h e  a r e a .  T h i s  i s  a n  impor t an t  

f a c t o r  i n  t h e  d e s i g n  of a  s e p t i c  a b s o r p t i o n  sys tem.  

When q u e s t i o n e d  abou t  t h e  c a r e  and upkeep of  t h e i r  s e p t i c  sys t ems ,  

most of t h e  t e n a n t s  s a i d  t h e y  pump once  eve ry  3-4 y e a r s  a t  a c o s t  

r a n g i n g  from 20-45 d o l l a r s .  One t e n a n t  s a i d  t h a t  t h e  sys tem h a s  

neve r  been  pumped and h a s  caused no problems f o r  t h e  1 3  y e a r s  he  h a s  

owned t h e  house .  

'I'lhrce pos : r ib le  f a c t o r s  might e x p l a i n  t h i s  e x c e p t i o n a l l y  gocd performance:  

(1)  A good a b s o r p t i o n  s i t e .  

( 2 )  Cracks i n  s a p r o l i t e  ( o r  r o c k s ) .  

(3) E f f l u e n t  s u r f a c i n g  and moving downslope. 

It was h a r d  t o  compare t h e s e  r e s u l t s  w i t h  t h e  e x p e r i e n c e  of  t h e  

homeowners. Some c la imed t h a t  t h e y  have  no i d e a  of t h e  d e s i g n  s i n c e  

t h e  a b s o r p t i o n  f i e l d s  were b u i l t  b e f o r e  they  assumed ownership .  (Some 

s e p t i c  sys tems were  e s t i m a t e d  t o  be  over  20 y e a r s  o l d . )  However, t hey  

d i d  say  t h a t  t h e y  had n o t  encoun te red  any problem w i t h  s e p t i c  t a n k s  

f a i l i n g .  Obse rva t ions  have shown t h a t  some of t h e  a b s o r p t i o n  f i e l d s  

a r e  f a i l i n g .  F a i l u r e  of t h e  s e p t i c  sys tems j.s evidenced by g reen  g r a s s ,  

owners '  l a n d  f i l l i n g  (where wet c o n d i t i o n s  e x i s t ) ,  s m e l l  of  raw sewage 

d u r i n g  p e r i o d s  of heavy r a i n f a l l ,  and double  l o t s  used  f o r  a b s o r p t i o n  

f i e l d s .  Fo r  t h e s e  r e a s o n s ,  we dec ided  t o  make a n  in-depth  s t u d y  of 

t h e  w a t e r  q u a l i t y  i n  t h e  a r e a  i n  a n  uprcoming pape r .  



Water Q u a l i t y  S t u d i e s  

The problem invo lved  i n  t h e  p r o t e c t i o n  of  groundwater  r e s o u r c e s  

i s  t o  i d e n t i f y  t h e  a r e a s  and mechanisms by which p o l l u t a n t s  c a n  e n t e r  

groundwater  f l ow sys tems and t o  deve lop  r e l i a b l e  p r e d i c t i o n s  of  t h e  

t r a n s p o r t  of  con taminan t s  w i t h i n  t h e  f low sys tems.  T h i s  i s  n e c e s s a r y  

as a  b a s i s  f o r  minimiz ing  t h e  impact  o f  p o l l u t a n t  s o u r c e s  on groundwater  

q u a l i t y .  The re fo re ,  i t  i s  n e c e s s a r y  t o  s t u d y  t h e  q u a l i t y  of groundwater  

i n  r e g a r d  t o  p o l l u t i o n .  

S i n c e  f e c a l  c o l i f o r m  b a c t e r i a ,  t o t a l  n i t r o g e n ,  dominant c a t i o n s ,  and 

a n i o n s  a r e  t h e  major  p o l l u t i o n  i n d i c a t o r s ,  t h e s e  pa rame te r s  were used 

t o  estimate t h e  b i o l o g i c a l  and chemica l  p o l l u t i o n  a t  t h e  s e l e c t e d  

e x p e r i m e n t a l  s i t e .  

Samples from t h e  deep and s h a l l o w  wells were t a k e n  a t  d i f f e r e n t  

i n t e r v a l s  a s  l i s t e d  i n  t h e  f o l l o w i n g  t a b l e :  

Tab le  3 .  Sampling p e r i o d s  w i t h  d a t e s .  
Sampling P e r i o d s  i n  Sampling P e r i o d s  i n  

Dates  - Deep Wells  Shallow Wells 

3-21-80 ( A )  I n i t i a l  ( s t a g n a t e d  f o r  niorc ( a )  l n i t i a l  ( b e f o r e  
t h a n  t h r e e  months) washing) 

5-14-80 (B)  24 hour s  a f t e r  pumping 
t o  d r y  

5-21-80 (C) 24 hour s  a f t e r  r a i n  
(1 .6  i n c h e s )  

(b)  A f t e r  r a i n  

6-11-80 (D) 3 weeks a f t e r  r a i n  

7-1-80 (E)  24 hour s  immedia te ly  
a f t e r  pumping t o  d r y  

7-23-80 (F) 24 hour s  a f t e r  r a i n  (3 i n c h e s )  

8-7-80 ( G )  24 h o u r s  a f t e r  pumping t o  dry  
(bu t  w i t h  l i g h t  r a i n  i n  t h e  
p r e v i o u s  n i g h t )  



Domestic w e l l s  were sampled once t o  c o r r e l a t e  t h e i r  d a t a  wi th  t h e  

above w e l l s .  

For t h e  b i o l o g i c a l  and chemical a n a l y s i s ,  500-ml s t e r i l i z e d  b o t t l e s  

were used t o  c o l l e c t  t h e  samples. B io log ica l  a n a l y s i s  inc luded :  

biochemical  oxygen demand, t o t a l  co l i fo rms ,  and f e c a l  col i forms.  Chemical 

a n a l y s i s  included:  pH, t u r b i d i t y ,  n i t r i t e  n i t r o g e n  (NO;), n i t r a t e  

n i t r o g e n  (NO;), t o t a l  n i t r o g e n  (TN) , t o t a l  phosphorus (TP) , orthophosphate 

2+ (OP) , c h l o r i d e s  (~1-) , s u l f a t e s  (SO:-), b ica rbona tes  (HCO;) , calcium ( ~ a  ) , 
2+ + + 

magnesium (Mg ) , sodium (Na ) , and potassium (K ) . 
On t h e  sampling,  BOD, t o t a l  s o l i d s ,  and t u r b i d i t y  were determined 

by e s t a b l i s h e d  methods (American P u b l i c  Health Assoc ia t ion ,  19 75) and 

pH was measured on a  (F i sher )  Accumet 320 pH meter.  Microbia l  methods, 

t o t a l  co l i fo rm,  and f e c a l  col i form were es t imated  on f r e s h l y  c o l l e c t e d  

samples us ing  M-Endo b r o t h  and MFC b r o t h  (Difco) ,  r e s p e c t i v e l y ,  a s  p e r  

t h e  m i l l i p o r e  membrane technique.  

The Technicon au toana lyzer  I1 automated methods (18) were used t o  

measure concen t ra t ions  of t h e  fol lowing chemical parameters :  NOZ,  NO3,  

TN, TP, OP, C 1 ,  wilereasS0q and b ica rbona tes  were determined b~7 methods 

p resen ted  by Jackson (1965). By us ing  t h e  Perkin-Elmer model 305B atomic 

a b s o r p t i o n  spectrophotometer ,  Ca, Plg, Na, and K were es t imated .  

A t  d i f f e r e n t  sampling p e r i o d s , t h e  observed t rend  f o r  pH showed few 

changes i n  t h e  deep w e l l s  (Table 4) a s  w e l l  a s  i n  t h e  shal low w e l l s  

(Table lo). A pH range of 5.0 t o  7.9 was observed i n  the  deep w e l l s ,  wi th  

t h e  excep t ion  of w e l l s  numbers '3, 1 4 ,  and 22, which had an a c i d i c  pH of 

2.7, 3.2, and 3.0,  r e s p e c t i v e l y ,  a f t e r  t h e  f i r s t  r a i n f a l l  (C). A pH 

range of 5.2 t o  8.4 was observed i n  t h e  shallow w e l l s .  



Table 4. pH determinations at different dates in deep wells. 

Well 3-21-80 5-14-80 5-21-80 6-11-80 7-1-80 7-23-80 - - 
No. A B C D E F G 





Table '5. Total solids in deep wells at different dates ( r n g / ~ ) .  

Well 3-21-80 5-14-80 5-21-80 6-11-80 7-1-80 7-23-80 8-7-80 
No. A B C D E F G 



Table  6 . Water t u r b i d i t y  i n  deep w e l l s  a t  d i f f e r e n t  d a t e s  (units-ppm S i 0 2 ) .  

Well 3-21-80 5-14-80 5-21-80 6-11-80 7-1-80 7-23-80 8-7-80 
No. A B C D E F G 



Higher amounts of t o t a l  s o l i d s  were recorded f o r  almost  a l l  deep 

w e l l s  sampled a f t e r  t h e  f i r s t  r a i n f a l l .  The m a j o r i t y  of t h e  deep w e l l s  

showed h igher  q u a n t i t i e s  of t o t a l  s o l i d s  a f t e r  r a i n  (C) than  a f t e r  t h e  

second pumping (E) (Table 5 ) ,  and a l s o  aomparable r e s u l t s  were i n d i c a t e d  

i n  F igure  16  f o r  t o t a l  s o l i d s  a f t e r  r a i n  (C) and a f t e r  f i n a l  pumping ( G ) ;  

t h e s e  r e s u l t s  coincided w i t h  t h e  h igher  t u r b i d i t y  u n i t s  (Table 6 ) .  A 

I ,+ 
high t u r b i d i t y  (1 .3  t o  > 1 .5 )  i n  deep w e l l s  sugges t s  c racks  i n  t h e  

s a p r o l i t e  format ion o r  poor development of t h e  w e l l  i t s e l f .  S u r p r i s i n g l y ,  

i n i t i a l  water  samples (A: s tagna ted  f o r  more than  t h r e e  months) from 

sha l low w e l l s  (Table 11)  showed h igher  r e a d i n g s  of t u r b i d i t y  and t o t a l  

s o l i d s  than t h e  a f t e r - r a i n  samples. Cascading wa te r  i n s i d e  t h e  w e l l s  

could a l s o  be  a  f a c t o r ,  and t h i s  would e x p l a i n  t h e  milky appearance 

of  some of t h e  samples from t h e  deep and shal low w e l l s .  S ince  on ly  

t r a c e  amounts of Fe and Mn were p r e s e n t ,  o x i d a t i o n  of  d i s so lved  

f e r r o u s  i r o n  and manganese t o  i n s o l u b l e  forms can be  d i s regarded  a s  a  

f a c t o r  c o n t r i b u t i n g  t o  h i g h e r  t u r b i d i t y  v a l u e s .  

Biochemical oxygen demand (BOD) i n  deep w e l l s  and shal low w e l l s ,  

sampled a t  d i f f e r e n t  i n t e r v a l s ,  i s  shown i n  Tables  7 and 1 0  r e s p e c t i v e l y .  

The BOD showed no d e f i n i t e  p a t t e r n  i n  t h e  deep w e l l s .  The deep w e l l s  

showed lower BOD v a l u e s  a f t e r  t h e  f i r s t  r a i n f a l l  ( C )  t han  a f t e r  pumping 

(E), p o s s i b l y  because of v a r i a t i o n  i n  t h e  depth  of t h e  w e l l s .  However, 

t h e  i n i t i a l  samples f o r  t h e  shal low w e l l s  showed h igher  BOD v a l u e s  than  

t h e  samples t aken  a f t e r  r a i n ,  w i t h  t h e  excep t ion  of w e l l s  3, 4 ,  6 ,  and 12;  

whereas, i n  t h e  i n i t i a l  deep w e l l  samples,  c o n s i s t e n t  BOD v a l u e s  were 

found. Th i s  v a r i a t i o n  i n  BOD r e s u l t s  may be due t o  t h e  o x i d a t i o n  of 

NH3 t o  NO3, o r  p o s s i b l y  because d i s s o l v e d  oxygen (DO) might no t  have 

t r a v e l e d  s u f f i c i e n t l y  f a r  f o r  complete s u r f a c e  oxygenation,  s i n c e  a l l  

t h e  w e l l s  have d i f f e r e n t  dep ths .  



M i c r o b i a l  Contaminants  i n  Water a s  P o l l u t i o n  I n d i c a t o r s  

Co l i fo rm b a c t e r i a  have  s e r v e d  a s  i n d i c a t o r s  of  f e c a l  con tamina t ion  

of  w a t e r  f o r  many y e a r s ,  and t h e i r  d e n s i t i e s  have been  used  a s  c r i t e r i a  

f o r  t h e  d e g r e e  of p o l l u t i o n .  T o t a l  and f e c a l  c o l i f o r m s  are shown i n  

Tab le s  8 and 9 ,  r e s p e c t i v e l y ,  f o r  deep w e l l s ,  and t o t a l  and f e c a l  c o l i -  

forms f o r  sha l low w e l l s  (shown i n  Tab le  1 2 )  a r e  r eco rded  f o r  t h e  samples  

c o l l e c t e d  a t  d i f f e r e n t  i n t e r v a l s .  

A s t e a d y  p a t t e r n  was n o t  found f o r  e i t h e r  t o t a l  o r  f e c a l  c o l i f o r m  

c o u n t s  i n  t h e  deep w e l l s  (Tables  8  and 9 ) .  Samples pumped (B) from 

t h e  deep w e l l s  had h i g h e r  t o t a l  c o l i f o r m  c o u n t s  t h a n  i n i t i a l  samples  ( A ) ,  

excep t  f o r  w e l l s  2 ,  3 ,  7 ,  9 ,  22,  and 24. There  were  n o t  many d i f f e r e n c e s  

of  con tamina t ion  a r e  a p p a r e n t  f o r  w e l l s  t h a t  are on t h e  o t h e r  s i d e  o f  

t h e  d i v i d e .  Many s t u d i e s  have  r e p o r t e d  t h a t  a n  a p p r e c i a b l e  number o f  

micro-organisms were found a f t e r  much l o n g e r  d i s t a n c e s  of underground 

movement--as much a s  830 m i n  sand and g r a v e l  (Bouwer and Chemney, 1974; 

Gerba e t  a l . ,  1975) .  Immobi l i za t ion  of f e c a l  c o l i f o r m s  was r e p o r t e d  



Table 7. BOD changes in deep wells at different dates (mg/L). 

Well 3-21-80 5-14-80 5-21-80 6-11-80 7-1-80 7-23-80 8-7-80 
No. A B C D E F G 



Table 8. Total coliform counts in deep wells at different samplingdates 
(X 10~1100 ml). 

Well 3-21-80 5-14-80 5-21-80 6-11-80 7-1-80 7-23-50 8-7-80 
No. A B C D E F G 

.7 

TNTC 

3.1 

-4 

1.5 

1.6 

4.8 

.5 

3-4 

.5 

4.1 

1.0 

2.9 

.2 

.5 

3.9 

.3 

2.5 

3.1 

1.0 

4.2 

18.6 

.6 

16.4 

2.2 

2.5 

5.25 

2.25 

1.75 

1.75 

2.00 

3.0 

3.0 

.5 

1.5 

.75 

10.75 

17.25 

5.75 

TNTC 

67.00 

29.25 

15.00 

11.00 

10.00 

7.75 

3.75 

5.75 

4.00 

1.50 

2.50 

3.00 9.25 no sample 



Table 9. Fecal coliform bacterial counts in deep wells at different 
1 sampling dates (X 10~/100 ml). 

Well 3-21-80 5-14-80 5-21-80 6-11-80 7-1-80 7-23-80 8-7-80 
No. A B C D E F G 

1 no sample 25.5 34.50 16.49 9.32 1.84 7.88 

2 2 17.5 1.50 10.56 0.00 6.72 0.00 

2 3 1.0 9.00 5.20 0.00 .96 4.42 

24 4.0 8.00 6.41 -98 .48 2.44 

25 2.5 12.75 6.22 1.72 14.4 1.44 

2 6 15.5 17.00 16.96 31.56 20.52 not available 



Table 10 .  pH and BOD changes i n  shallow wells  a t  d i f f e r e n t d a t e s .  

We1 1 P H - - BOD 
NO. 3- 2 1- 80 5-21-80 3-21-80 5-21-80 



Tab le  11. Changes i n  t u r b i d i t y  and t o t a l  s o l i d s  i n  s h a l l o w  w e l l s  a t  
d i f f e r e n t  sampl ing  d a t e s .  

Well T u r b i d i t y  T o t a l  S o l i d s  
NO , 3-21-80 5-21-80 3-21-80 5-21-80 



Table 12.  T o t a l  and f e c a l  co l i fo rm counts  i n  shal low w e l l s  a t  d i f f e r e n t  
d a t e s  (X 104/100 ml). 

- 
Well T o t a l  Coliforms Feca l  C o l i f s s  

NO. 3-21-80 5-21-80 3-21-80 5-21-80 



through a few cm of s o i l  p r o f i l e  (Brown, Slowey, and Nol j ,  1978; Dazzo, 

Smith, and Hubbell, 1972; Gerba, W a l l i s ,  and Melnick, 1975; Reneau 

and P e t t r y ,  1975). Under s o i l  cond i t ions  of f requen t  s a t u r a t i o n  o r  

a c t u a l  d e p o s i t i o n  of t h e  b a c t e r i a  i n  groundwater, migra t ion  might be 

considerably  extended; hence,  the  contamination of deep and shal low 

w e l l s .  Subterranean c racks  o r  channels may a l s o  f a c i l i t a t e  r a p i d  mass 

migra t ion  of b a c t e r i a .  Long underground d i s t a n c e s  f o r  b a c t e r i a ,  however, 

may be a s s o c i a t e d  wi th  t h e  pe r iod  of h igh r a i n f a l l .  Increased l e v e l s  of 

t o t a l  and f e c a l  contamination were observed i n  shal low w e l l s  a s  

compared t o  deep w e l l s .  Under extreme c o n d i t i o n s ,  t h e  s t a h i l i t y , o f  

col i form b a c t e r i a  is  lower than t h a t  of v i r u s e s  (Scarpino,  1975) and h igher  

than t h a t  of Salmonella (Schiemann, Brodsky, and Ciebiu ,  1978). Since  t h e  

major i ty  of t h e  w e l l s  exceeded t h e  l i m i t s  of EPA f o r  t o t a l  and f e c a l  

co l i fo rm b a c t e r i a l  popu la t ion ,  t h e r e f o r e  i t  i s  apparent  t h a t  t h e s e  w e l l s  

a r e  contaminated through sep t ic - t ank  e f f l u e n t s  and r e s u l t e d  i n  ground- 

water  p o l l u t i o n .  

Water Qual i ty  Based on Nitrogen and Phosphorus 

Groundwater should meet q u a l i t y  s t andards  i n  regard  t o  chemical 

c o n s t i t u e n t s  a s  w e l l  a s  ' b a c ~ e r i o l o g i c a l  c h a r a c t e r i s t i c s .  

A l l  deep and shal low w e l l  samples taken a t  d i f f e r e n t  i n t e r v a l s  were 

analyzed f o r  t o t a l  phosphorus (TP), orthophosphate (OP), and t o t a l  

n i t r o g e n  (TN). Their  peaks a r e  represen ted  i n  F igures  17-25. I n  a l l  

cases ,  t o t a l  phosphorus (TP) was g r e a t e r  than  OP. 

I n  a l l  t h e  samples (Figures 17-25 ), t h e  w e l l s  showed lower va lues  

of TP, TN, and OP. TN was c o n s i s t e n t  i n  a l l  deep w e l l s .  A f t e r  t h e  

f i r s t  pumping of t h e  deep w e l l s  (Figure  18) ,  h igh ly  va ry ing  v a l u e s  

were ob ta ined  f o r  OP, whereas TP and TN v a l u e s  were more o r  l e s s  con- 

s i s t e n t  i n  a l l  w e l l s  except  4 and 9 f o r  TP and 12 f o r  TN. This could 





















be due t o  t h e  use  of d e t e r g e n t s  i n  t h e  households. T o t a l  phosphorus (TP) 

and OP t r e n d s  f l u c t u a t e d  i n  r e s p e c t i v e  w e l l s  a s  shown i n  F igure  19 and 

a r e  s i m i l a r  t o  each o t h e r .  However, w e l l s  6 and 9  showed h igher  va lues  of 

1.72 and 1.44 mg/l TN i n  samples (C) a f t e r  t h e  f i r s t  r a i n f a l l .  Increased 

va lues  of OP and TP were observed i n  samples (B) taken a f t e r  t h e  

f i r s t  pumping compared t o  those  taken a f t e r  t h e  f i r s t  r a i n f a l l  (C). 
a I< 

T o t a l  n i t r o g e n  va lues  were considerably  s i m i l a r  f o r  both  t imes.  

It is hard t o  conclude from t h i s  s tudy  a s teady  p a t t e r n .  It i s  

a l s o  d i f f i c u l t  t o  d i s c u s s  t h e s e  r e s u l t s  wi th  t h e i r  obscure  n a t u r e  

(Figures  17-25). However, chemical d i s t r i b u t i o n  depends on waterflow, 

chemical adsorp t ion ,  p r e c i p i t a t i o n ,  c o - p r e c i p i t a t i o n ,  and t h e  complex 

formation i n  t h e  s o i l .  

T o t a l  n i t r o g e n  i s  g r e a t e r  i n  t h e  i n i t i a l  samples from shal low 

w e l l s  (Figure  24) than  i n  t h e  a f t e r - r a i n  samples (Figure  25) ,  except 

f o r  w e l l s  8 and 17. I n  g e n e r a l ,  TP showed h igher  va lues  i n  i n i t i a l  

samples than i n  a f t e r - r a i n  samples. The h igher  and lower va lues  may 

be a t t r i b u t e d  t o  t h e  amounts of Fe and A 1  oxides  i n  t h e  s o i l .  

Retent ion of PO4 i n  t h e  s o i l ,  however, i n c r e a s e s  w i t h  t ime because 

adsorbed PO4 slowly p r e c i p i t a t e s  wi th  Ca i n  t h i s  c a s e  i n s t e a d  of A 1  

and Fe. This aga in  depends on pH. Nitrogen i n  sewage o r  o t h e r  

f e r t i l i z e r  sources  moving through t h e  s o i l  i s  oxidized t o  NOg,  o r  i f  t h e  

zone beneath t h e  d r a i n f i e l d  i s  anaerob ic ,  inc reased  NH3 may be found. 

NH3, NO2, and P were de tec ted  i n  t r a c e a b l e  amounts, which were found t o  

be l e s s  than  EPA l i m i t s .  

C l a s s i f i c a t i o n  of Water Based on t h e  Dominant Ions  Presen t  

Dominant c a t i o n s  ca2', Plg2+, Na', K', and an ions  H C O I ,  l ,  SO$-, 

and NO; were determined i n  deep w e l l  samples a s  o u t l i n e d  e a r l i e r ,  and 



t h e  r e s u l t s  a r e  p resen ted  i n  Table 13. Since t h e  above i o n s  a r e  

u s u a l l y  among those  dominant i n  wa te r  samples, t h e i r  concen t ra t ions  

were used t o  determine t h e  type of wa te r .  To achieve t h i s ,  a pe rcen t -  

age of e q u i v a l e n t s  p e r  m i l l i o n  (epm) of t h e  above c a t i o n s  and anions  

were u t i l i z e d  t o  determine t h e  type of water  from t r i l i n e a r  diagrams 

proposed by P i p e r  (1953). T r i l i n e a r  diagrams a r e  a u s e f u l  means of 

p o i n t i n g  o u t  d i f f e r e n c e s  o r  s i m i l a r i t i e s  among wate r s .  The wate r  i s  

named according t o  t h e  dominance of any i o n  o r  i o n s  i n  i t  (calcium 

b ica rbona te  wa te r ,  calcium wate r ,  sodium c h l o r i d e  w a t e r ,  e t c . ) .  The 

m a j o r i t y  of the  w e l l s  con ta in  Ca, Mg, Na, HCO wa te r ,  and second i n  
3 

o r d e r  a r e  found t o  be Ca, Mg, HCO water .  The p resence  of Na i n  most 
3 

of t h e  w e l l s  s u g g e s t s  i t s  probable  seepage from s e p t i c  systems i n t o  

groundwater a s  a r e s u l t  of h igh s o l u b i l i t y  and poor a d s o r p t i o n  by 

s o i l  c o l l o i d s .  Because of cons iderab le  use  of Na soaps  i n  households,  

i t  i s  q u i t e  l i k e l y  t h a t  r e l a t i v e l y  high amounts a r e  e n t e r i n g  t h e  

s e p t i c  systems and seeping i n t o  subsur face  flow systems. 

The dominance of HCO- i n  t h e  wa te r  samples i s  obvious because of 
3 

t h e  pH range of t h e  water  samples,  which i s  from 6.1  t o  7.1.  At 

such a pH range,  HCO; i s  t h e  dominant form of d i s so lved  carbon. 

Therefore ,  i t  i s  abundant i n  almost a l l  of t h e  samples. 

Comparison of Water Q u a l i t y  by Means of S t i f f  Diagrams 

With t h e  major c a t i o n s  and anions  d a t a  ( i n  epm) of s e l e c t e d  deep 

w e l l s  ( G ) ,  s t i f f  diagrams were drawn and presented i n  F igures  2 6 t o 2 9 .  

On t h e  b a s i s  of d i s t i n c t i v e  shapes i n  s t i f f  diagrams, comparisons of 

chemical  d a t a  from var ious  w e l l s  can be  made and w e l l s  grouped 

toge ther .  From t h e  water  q u a l i t y  s t a n d p o i n t ,  t h e  w e l l s  t h a t  a r e  p o s s i b l y  

producing from t h e  same a q u i f e r  a r e  grouped t o g e t h e r .  



Table 13. Concentra t ion of major c a t i o n s  and anions  i n  selec'ed 
deep w e l l s  sampled on 8-7-80 ( G ) .  

epm 
Well c a t  ions Anlons 
No. Na K C a Mg NO3 HC03 C 1  S04 




























