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PREFACE 

"The problems involved i n  sani tary  landfi l l  or  f inal  deposi t  of was t e s  are more in- 
volved with si t ing and public acceptance than with technology,  although known tech- 
nology is by no means fully employed. Available records indicate  tha t  there are about 
90,030 more o~ less recognized land--disposal  sites i n  the United S ta tes ,  Of t h i s  number, 
about 19,QOO were planned,  and some 12 ,000  are subject  t o  a degree of loca l  control that  
ident i f ies  them a s  "sani tary"  . Less than 14 percent  of t he se  part ial ly controlled s i t e s  
enjoy any  degree of Pocal accep tance .  There is no quest ion a s  t o  the low es teem i3 
which the  remaining 78,000 are now held by the  public. The National Solid W a s t e s  Sur- 
vey  h a s  deta i led  information on  about 6 ,000  s i t e s ,  and finds that  only 6 percent  of 
t he se  meet  the  minimum requirements of designation a s  " san i ta ry  landf i l l s" .  The 
Committee f e e l s  that  th is  condition has  developed more from a lack of u s e  of avai lable  
information and ttaining than for any other reason" .  

. . . from " Pol ic ies  for Solid Was t e  Management" , a report of the  Ad Hoc 
Committee on Solid Was t e  Management, National Academy of Engineering, National  
Academy of Sc iences ,  Washington,  D .  C .  (1969) 63 pp. 

The University of Idaho and the  Idaho Health Department agree  with t he  feeling of the 
Ad Hoc Committee and have cooperated i n  preparing th i s  pamphlet. I t s  purpose is to  -- 
bring before in teres ted par t ies  the accumulated experience of many invest igators  with 
sani tary  landfi l l  site se lec t ion ,  and espec ia l ly  those  a s p e c t s  of landfill  site se lect ion 
which pertain to  protection of exis t ing water  resources .  

The writers  are grateful  to  Dr. George Hughes , Geologis t ,  I l l inois  Sta te  Geological  
Survey for permission to  quote freely from Environmental Note No. 1 7 ,  a Survey publica- 
t ion.  Dr. Hughes a l s o  read the  manuscript.  Thanks a re  a l s o  due Mr. Carl  Savage,  
Senior Geologis t ,  I d a b  Bureau of Mines and Geology and t o  Mr. Robert Olson,  Chief 
of the Solid Was t e s  Program, Division of Environmental Improvement, Idaho Health De- 
partment for their  review of the original manuscript and helpful suggest ions ,  
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ABSTRACT 

In this  report geologic environments in Idaho have been evaluated in l ight of re- 
su l t s  of s tudies  on refuse d i sposa l  and ground-water contamination that  have been 
conducted elsewhere.  The hydrogeologic environments commonly considered most 
safe for refuse disposal  in  any area are those with materials of low permeability and 
those tha t  are  well above the water table .  A third type of environment, one which i s  
hydrogeologically protective, a l s o  must be considered for disposal  purposes in a few 
a reas ,  HydrogeologicalEy protective implies that  a s i t e  can  be engineered to  prevent 
the migration of leachate  toward cri t ical  areas  or that  renovation of leachate  by the 
porous medium will occur before the leachate  reaches  cr i t ical  a r e a s ,  

The hydrogeologic environments d i scussed  herein are  categorized according to 
geomorphic province or subprovince, The major communities in Idaho are placed with- 
in the appropriate geomorphic category for purposes of recommendations regarding the 
select ion of safe  refuse d i sposa l  s i t e s ,  

This pamphlet contains information presented in support of the  Idaho Department 
of Health" regulations and standards for solid was te  control ,  



INTRODUCTION 

The select ion of refuse disposal  s i t e s  must be  viewed a s  a complex procedure in- 
volving several  d i s c i p l i n e ~ .  Factors which must be considered cover a spectrum from 
local  community accep tance ,  economics and traffic control engineering t o  air and water 
pollution. The neces  s i ty  for an interdisciplinary approach in refuse d i sposa l  s i t e  se lec-  
tion i s  dl. s cus sed  by Landon (1969). 

Several s tudies  c a n  be c i ted which have demonstrated that  refuse disposal  s i t e s  
can  contaminate ground water i f  care i s  not taken during s i t e  selection and mainten- 
ance.  Examples of  such s tudies  are Ministry of Housing and Local Govt , (Gr . Br.) , 
1961, p ,  36-39 and Engineering Science,  I n c , ,  1961, p. 88-90. 

Sites investigated recently in northeastern Illinois showed that  d i s  solved sol ids  
leached from refuse had moved out of a disposal  a rea ,  and in certain c a s e s  the leach- 
a te  (the aqueous liquor produced during refuse decomposition) had moved more than 
100 yards (Hughes, 1967; Cartwright and McComas , 1968) . 

Certain types of aquifers are particularly susceptible t o  contamination from near- 
surface refuse d i sposa l ,  Other types of aquifers can  be considered l e s s  susceptibPe. 
When potential refuse disposal  s i t es  are being evaluated,  care  must be  taken to  de- 
termine whether hydregeologic conditions a t  the  s i t e s  are adequate to protect the  
ground-water and surface-water resource from contamination, A proper evaluation of 
a disposal  s i t e  should consider (1) the  nature of the contaminants present in the land- 
f i l l ,  ( 2 )  the conditions under which the contaminants are produced and mobilized, (3) 
the movement and final disposit ion of the contaminants, and (4) the effect  of the refuse 
disposal  operation on the hydrogeology of the s i t e .  The first  consideration depends on 
the composition of the landfill;  the others are primarily dependent on the hydrogeologic 
environment of the landfill  s i t e  and the method of disposal .  

In th is  paper the relation of refuse disposal  practices to prevention of ground- 
water contamination i s  considered.  Pos sib:e ways of using this information to 
evaluate disposal  s i t e s  i n  Idaho are d i scussed .  The objective here i s  to provide 
broad hydrogeological guidelines for the selection of safe  refuse disposal  s i t e s ,  

INVESTIGATIONS OF POLLUTION BY SANITARY LAND FILLS 

Major investigations of the production and movement of pollutants from landfill  
s i t e s  have been conducted i n  I l l inois,  California and Great  Britain. In California, 
a s e r i e s  of s tudies  was  sponsored by the State Water Pollution Control Board and the 
U, S. Public Health Service,  The first investigation was  of the contaminants pro- 
duced in  a sh  dumps (Univ. S o  Cal.  Los Ang . Sanitary Eng . Research L a b , ,  1952); 
the second considered leaching from landfills composed of domestic garbage (U. S .  
C ,  L o  A. Sanitary Eng, Research Lab. ,  1954, 1955, 1956, 1958, 1960); and the third 
compiled exist ing information about the effects  of refuse fi l ls  on ground water,  
applied to  conditions in California (Engineering-Science , Inc . , 1961). Other s tudies  
were concerned with gases  produced from landfills and factors affecting composition 
and shrinkage of refuse (Engineering- Science,  Inc . , 1963-1966; Merz, 1964; Merz 
and Stone, 9963, 1964) . 



The British s tudy by the Ministry of Housing and Local Government (1961) dea l t  
with domestic refuse deposited under saturated and unsaturated conditions in  Great  
Britain and with the effects  of various types of gravel and sand filtering systems on 
refuse leachate .  

Some of the ear l i es t  landfili  investigations were carried out in  New York (Car- 
penter and Setter, 1940; El iassen,  l942b) . Existing fills of various a g e s  were 
sampl.od to determine the conposi t ion of the refuse ,  l eacha te ,  and g a s e s  produced. 
Other s tudies  pertinent t o  th i s  subject  are  l i s ted in  a bibliography by Begg (1967). 
Such im:estigati.ans have 2rovided a genera1 understanding of the kinds and amounts 
of products assoc ia ted  with disposal  of the usual  types of near-surface solid w a s t e s ,  
However, few data are avai lable  concerning the  movement and abatement or attenuc - 
tion of these  products in various environments. Climatic,  hydrologic, and geologic 
factors strongiy influence the productior, and spread of contaminants from landfill  
s i t e s ,  and findings of investigators i n  other a reas  should be applied with discretion 
to  conditions in  Idaho. 

COMPOSITION OF REFUSE 

Cornponerats of r e fuse ,  such a s  g r a s s  cl ippings,  vege tab les ,  and a s h e s ,  vary 
both regionally and seasona l ly  (Engineering-Science , Inc . ,  1961, p .  34-35; Am, 
Public Works Assoe.  , Refuse Disposal  Committee, 1961, p.  25-2 6) . Because of 
these  variations and the difficulty of obtaining representative samples ,  ana lyse s  
are of limited va lue .  The physical  composition of Chicago refuse i s  descr ibed in  
" Mvnicipal Refuse Disposal"  (Am. Public Works Assoc. Refuse Disposal  Committee, 
1951, p ,  45) ,  Descriptions of refuse from other a r ea s  a re  given by Weaver and Keagy 
(1952, p ,  21) , Carpenter and Setter (1940, p . 3 86-388) , the Ministry of Housing and 
Local Government G r e a t  Britain] (1961, p . 43, 10 9) , and Engineering-Science , Inc , 
(1961, p.  33-36). Chemical ana lyses  of refuse are  given by Weaver and Keagy (1952, 
p ,  23) and Carpegter and Setter (1942, p .  388) . 

GASES AND LEACHATE 

Formation 

The production of g a s e s  and l ea sha t e s  paral le ls  the sett lement of the f i l l  to a 
marked degree,  It will be  variable i n  different parts  of the f i l l  and will depend on 
many factors including composition of the  f i l l  material and the availabil i ty of oxygen 
and moisture. Init ial  decomposition i s  aerobic ( in the presence of molecular oxygen),  
however, very soon after  burial ,  anaerobic p rocesses  predominate, even in most "dry" 
fills (Engineering-Science, Inc . ,  1961, p .  44-45). The most rapid decomposition is 
known to take place in  sa turated fills. Water,  present i n i t i a l . 1~  in the fill. or from per- 
colating rain or ground water ,  normally moves through the f i l l  and leaches  the soluble 
 material,^ in the refuse ,  Carbon dioxide,  produced a s  the refuse decomposes,  d i sso lves  
in  th is  water and,  in  the a b s e ~ c e  of other reagents ,  forms a weak acid that  faci l i ta tes  
the solution and mobilization of some potential  contaminants.  



Composition and Quant i t ies  

G a s e s  produced from decomposing re fuse  have  been  the  s u b j e c t  of much s tudy in  
Cal i fornia .  In 1ar;cra tory exper imen t s ,  r e fuse  packed i n  drums under control led con- 
d i t ions  w a s  found t o  produce up t o  0,210 cub ic  f ee t  of g a s  for e a c h  pound of dry re- 
f u s e  (Merz ,  1964, p .  1 ) .  The major g a s e s  found i n  the drums were  carbon dioxide  and 
ni trogen.  In a f i l l  a t  Azusa ,  Cal i fornia ,  i t  w a s  ca lcu la ted  tha t  approximately 330 ,803  
pounds of C 0 2  and 14,000 poilnds of methane per a c r e  (5640 tons  of refuse)  per  yea r  
is being produced (Engineering-Science, I i ~ c . ,  1965, p .  46) .  Production of ni trogen 
c a n  a l s o  b e  e x p e c t e d ,  bu t  i t  is not  cons idered  a problem. Variations i n  moisture and 
temperature c a u s e  var ia t ions  i n  the  amounts of t h e s e  g a s e s .  A s  the f i l l  s t a b i l i z e s ,  
the  quan t i t i e s  produced genera l ly  d e c r e a s e .  

Character is  t i c s  most  l ike ly  to prove objec t ionable  i f  r e fuse  decomposit ion products  
a re  l eached  in to  the  ground water  are  h a r d n e s s ,  i ron ,  n i t ra te  and to ta l  d i s so lved  s o l i d s .  
Table 1 shows  the  pe rcen tages  of var ious  components  l eached  from refuse  and incinera-  
tor a s h .  Leachate from incinera tor  a s h  is included b e c a u s e  i t  h a s  a high d i s so lved  
sol ids  con ten t .  Table 1 h a s  been  compiled from var ious  s o u r c e s ,  e a c h  of which re- 
ported different  condi t ions  under which l each ing  took p lace  from a var ie ty  of types  of 
r e fuse .  

Table 2 shows concentra t ions  of var ious  cons t i tuen t s  of r e fuse  l e a c h a t e  and ground 
wa te r  a s s o c i a t e d  with landf i l l s  of var ious  a g e s  in  nor theas tern  I l l inois  (Hughes ,  1969,  
Personal  communicat ion).  The data  i n  Table 2 canno t  b e  cons idered  s t a t i s t i c a l l y  repre- 
sen ta t ive  of the  identi ty or concentra t ion  of d i s so lved  mater ia ls  tha t  c a n  b e  expected  
i n  landfi l l  l e a c h a t e s  i n  genera l .  These da ta  should be  viewed merely a s  a f i r s t  indica-  
t ion of the ident i f ica t ion  and concentrat ion of mater ia ls  tha t  may be produced.  

The amount of  water  a s s o c i a t e d  with the  r e fuse  strongly inf luences  the production 
of l e a c h a t e s .  California s t u d i e s  showed t h a t ,  i n  the  area  s tud ied ,  refuse  p laced  " s o  
t h a t  no  portion of i t  i n t e rcep t s  the  ground wa te r ,  wi l l  not  c a u s e  impairment of  the  
ground water  for e i the r  domes t i c  or i rr igat ional  u s e "  ( U .  S .  C .  L. A .  Sanitary Eng. 
Research Lab. , 1954, p. 13) . Rainfall  i n  t h e  California s tudy area  did not  penet ra te  
a 7.5-foot  th ick  landf i l l  suff iciently t o  c a u s e  l e a c h a t e  t o  enter  the underlying ground 
water .  During the  21 month s tudy period 18.69 i n c h e s  of precipi tat ion fell a t  tha t  
s i t e .  

In Britain, ra infa l l  t ha t  penetrated one  landfi l l  w a s  adequa te  to produce re fuse  
percolate (Ministry Housing and Local Govt  . (Gt . Brit .) , 1961, p .  11) ; however,  i f  
the  refuse  w a s  not  deposi ted  i n  s tanding w a t e r ,  the to ta l  quant i ty  of pollutant  produced 
w a s  somewhat smal l e r .  Out of 25 i n c h e s  of ra infa l l  per  y e a r ,  10 i n c h e s  percolated in to  
the  landf i l l .  This fill had been  compacted with a vibrat ing rol ler  t o  a dep th  of approxi- 
mately 5 f e e t  and a d e n s i t y  of 6 .6  hundredweights per  cub ic  yard .  I t  had a f l a t  sur face  
covered with 18 inches  of s o i l .  

Movement of G a s e s  and Leachate  

The principal  mechanisms involved i n  the  introduction of contaminants  from the  
landf i l l  t o  s u r r o u ~ d i n g  wa te r  r e sources  inc lude  inf i l t ra t ion ,  percola t ion ,  r e fuse  de-  
composi t ion ,  g a s  production and movement, leaching and  ground-water travel, .  Carbon 
dioxide is  produced during both aerobic  and anaerobic  decomposit ion.  The a c t i o n  of 



TABLE 1 - PERCENTAGES OF MATERIALS LEACHED FROM REFUSE AND ASH 
(Based on weight  of refuse  a s  received ) (Modified after  Hughes ,  1967) 

Percent l eached  

Mater ia ls  leached 1 * 2* 3* 4* 5* 6 * 

Chloride 0 ,105 0.127 
Ammoniacal nitrogen 0 ,055 0.037 
Biochemical oxygen demar.dO, 5 15 0.249 
Organic carbon 0 ,285 0.163 
Sulfate ( a s  S04)  0.130 0 ,084  
Sulfide 0.011 
Albuminoid nitrogen 0 ,085 
Alkalinity ( a s  CaC03)  
Calcium 
Magnesium 
Sodium 0.260 
Potassium 0.135 
Total Iron 
Inorganic phosphate 
Nitrate 
Organic nitrogen 0 -0075 0.0072 

* Source of data  and condit ions of leaching:  

1 , Ministry of Housing and Local Government (G t o  ~ r i t  ,), 1961, p , 117. 
Analyses of l e acha t e  from domest ic  refuse  deposi ted  in  standing water ,  

2 ,  Ministny of Housing and Local Government (Gt. Brit,), 1961, p ,  75,  
Analyses of Beachate from domest ic  refuse  deposi ted  in unsaturated en- 
vironment and leached only by natural  precipitat ion.  

3 .  Montgomery and Pomeroy, 1949, p .  4 and 19. Refuse from Long Beach,  
California. Mater ia l  l eached  i n  laboratory before and after  ignit ion.  

4 ,  Engineering-Science , I nc ,  , 1961, p ,  39. Estimate ba sed  on data  reported 
in  "Final  Report on the Investigation of Leaching of a Sanitary Landfill". 
(Sanitary Engineering Research Laboratory, 1954) . Domestic refuse  in  Kiver- 
s i d e ,  California,  l eached  by  water  i n  a test bin. 

5 ,  Engineering- Sc ience ,  Inc , , 19 61, p , 73 . Based on data  reported i n  
"Invest igat ion of Leaching of Ash Dumps" (Sanitary Engineering Research 
Laboratory, P952), Leaching of California incinerator a s h  i n  a t e s t  bin 
by water . 
6 .  Engineering-Science , I nc ,  , 1961, p .  73. Based on data  reported i n  "In- 
ves t igat ions  of Leaching of Ash Dumps" (Sanitary Engineering R e  search 
Laboratory, 1952), Leaching of California incinerator a s h  i n  a test bin by ac id .  



TABLE 2 - Analyses  of s a m p l e s  of ground wa te r  a d j a c e n t  t o  l andf i l l s  
i n  nor theas tern  I l l ino is  ( in  ppm) , Hughes ,  1969, pe r sona l  
communicat ion)  

Landfi l l  DuPage DuPaqe Blackwell  
W e l l  Ident i f ica t ion  LW6B LW5B Blackwel l  
PH 7 . 0  6 . 3  
BOD 225.0  14080.0 54610.0 
GOD 40 . O  8000.0 39680.0  
Total  D i s so lved  So l ids  1581.0 6794.0  19144.0 
Alkalinity 1011.0 4159.0 3255 . O  
Hardness  540.0  2200.0  7830.0' 
Chlor ide  135.0 1330.0 1697 . O  
Sulfate  2 . O  2 . O  680 . O  
Cyan ide  0.02 4 . 0 0 5  0 .024  
Total  Phosphate  8 .90  1.20 6 . O  
Ni t ra te  1.60 0 .70  1.70 
Total  Nitrogen ND ND ND 
Fluoride 0.31 2 . O  ND 
M53A.S 0 . 3 0  0.72 ND 
Hexane  Soluble s 7 . O  18.0 350 . O  
Tc ta l  Magnes ium 90 .0  450.0 600 .0  
Potass ium 100.0 610.0 790 . O  
Sodium 74 . O  810.0 900 .0  
Copper  4 . 0 5  (. 05 (. 05 
Cadmium L.05  (. 05 <. 05 
Lead (, 05 (. 05 ND 
Zinc (0.1 .13 ND 
Iron 0 . 6  6 . 3  5500 .0  
Chromium (. 05 0.15 0.2 
S i lver  (. 05 4 . 0 5  (. 05 
Calc ium 105.0 475 2150 
Boron .91 5 .35  ND 
Aluminum 0 . 9  0 .1  2 . 2  
M a n g a n e s e  0 . 0 6  0 .06  1.66 
Arsenic 4 . 6  (0 -1  4 . 3  
Selenium (0.1 (0 -1  2 . 7  
Barium 0 .30  0 .80  8 . 5  
Beryllium (0 .2  (0.2 <O .2 
Bromium 2 , 8  10.0 ND 
D a t e  Ins t a l l ed  1952 1963 ? 

Remarks s c r e e n  5 '  be low s c r e e n  3' be low s a m p l e s  r e f u s e  
b a s e  of r e fuse  b a s e  of r e f u s e  probably s q u e e z e  

l e a c h a t e  i n  par t  

pH measured  within 5 minutes  a t  s ampl ing  
I 

HCl  added  t o  a l l  s a m p l e s .  No g l a s s  u s e d  i n  sampl ing .  
c .  Calc i l la ted  from magnesium and ca l c ium concen t ra t ion  
ND No d a t a  



th is  g a s  can  seriously degrade ground water by dissolving calcium, magnesium, 
iron and other subs tances  which a re  undesirable in  high coficentrations. 

Work in CaPifor:iia h a s  indicated that  of the  to ta l  amount of carbon dioxide pro- 
duced in  a landfi l l ,  2 3 .5  times a s  much pas  s e s  through a 1-foot s i l t  cover in to  the  
atmosphere a s  remains i n  the  ground (Engineering-Science , Inc . , 1965, p . 46) .  
While densi ty  variat ions may be responsible  for some movement into the  ground, 
the  most effective transfer mechanism i s  probably molecular diffusion.  The Calif- 
ornia investigation took place  i n  a landfi l l  that  was  well  above the local  water table  
and permit'kd l i t t le  or no downward percolation of rainwater. A s i t e  with different 
zharacter is t ics  probably would have a different ra te  of diffusior, of g a s e s  into the  
y round, 

The California study concluded that  prevention of carbon dioxide movement under- 
ground might better  b e  accomplished by i t s  removal through draft or venti lat ion than 
by at tempts t o  decrease  the permeability of the landfill- so i l  interface through coat ings  
because  the diffusivity of such  coatings to  g a s e s  is rather c lose  to that  of the  undis- 
turbed so i l ,  

INFLUENCE OF GROUND-WATER FLOW 

Refuse l eacha te  i n  the  subsurface t rave l s  in  the same direction a s  ground water ,  
though retention character is t ics  of the  medium may c a u s e  dissolved so l ids  t o  move 
a t  a slower ra te .  In a homogeneous isotropic environment, water moves nearly 
vert ically downward to  the  top of the zone of saturation and then in the direction 
of the  fluid potential  gradient ,  The principles governing th is  movenient were dis-  
cus sed  by H ~ b b e r t  (1940), Toth (1962, 1963) , Meyboom (1966) . Meyboom, e t  a l p  
(1966) . Freeze and Witherspoon (1966, 1967) and by Williams (1968); ~ t s  effect  on the 
movement of contaminants were d i s cus sed  by Geraghty (19 62) . The veloci ty  , direc- 
t ion,  and volume of ground-water movement a r e  affected by the  topography and the  
materials the  water n o v e s  through, In addition some reduction of porosity and per- 
meability may occur d u r i ~ g  filtration of the leachate  by the  porous medium. 

Figures %A and H I 3  i l lus t ra te  the importance of considering the ground-water flow 
system when select ing re fuse  d i sposa l  s i t e s .  In the  in tervals  labeled A, pollutants 
moving with the ground water  could reach the  ba sa l t  aquifer ,  and i n  intervals labeled 
B they could reach the sand and gravel  aquifer before they are discharged to the  sur- 
face .  In intervals labeled C ,  pollutants moving with ground water would not reach any 
aquifer before being discharged t o  the ground surface ,  and in the in tervals  ca l l ed  D ,  
ground-water movement is toward the surface only.  Under the  ground-water flow con- 
dit ions shown in  figure lA, there is a much greater  area where pollution of a n  aquifer 
from surfac? was te  d i sposa l  is poss ible  than under the  flow condit ions shown i n  
Figure BB. The location of the  d i sposa l  s i t e  within the  flow system is an important 
factor.  In regional planning,  the dimensions of the  flow system or flow sys tems  pre- 
sen t  c an  provide usefu l  d a t a .  

The permeability of t h e  material through which water is moving affects  both the 
velocity and direction of water movement. Unjointed c l ays  and sha l e s  are t he  l e a s t  
permeable of the common sedimentary materials .  Sands ,  g rave l s ,  and sandstone a r e  
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generally most permeable. As water movement in  permeable rocks i s  usual ly ,  thcugh 
not a lways,  through intergranular openings,  local  flow paths may be  predicted with 
some accuracy,  Openings due t~ solution or former gaseous phenomena and jointed or 
f issured rocks ,  such a s  dolomi.tes , c l ays ,  sha l e s ,  pyroclastics , and basa l t s  may have 
high permeability, but ,  because the water i s  forced to move through a variety of open- 
ings ,  f i s sures  or c racks ,  i t s  travel direction and velocity are  often difficult to predict, 
even for short d i s tances .  

Calculations of the  velocity and direction of water movement based on the  assump- 
tion that  the earth materials are homogeneous and isotropic must be used with discre- 
tion because natural deposi ts  often d o  not have these  characteris  t i c s ,  

Less  dilution and dispersion of contaminants take place In ground water than in  
surface waters because ground-water flow is almost always laminar, whereas flow of 
surface water frequently is turbulent. For this reason,  the total  volume in  a ysound- 
water reservoir canrnot be  considered effective for diminishing the concentration of 
contaminants (McKee and Wolf, 1963, p .  19). 

McKee and Wolf (1963, p .  20) point out that  the low travel  velocit ies and diffusion 
ra tes  in ground-water reservoirs can produce serious consequences  i f  contamination 
occurs ,  Contamination may not be noticed for years or decades ,  and consequently no 
complaints a re  registered.  After contamination is discovered,  the  quali ty of water is 
already degraded and the damage cannot be repaired merely by stopping the  source of 
contamination, Purification by leaching and dilution may require a longer time than the  
contamins tion did.  

NATURAL PURIFICATION OF' LEACHATE 

Ion exchange* may hold contaminants within the f i l l  or vvithin the  earth material 
through which they move. Clays  are particularly effective in  th is  respec t ,  but sands 
and s i l t s  a l s o  will  retain contami.nants. The amoant of exchange a particular type of 
cation undergoes depends on several  factors,  including (1) the  types  of c lay  minerals 
present ,  (2)  the cations already on the  clays,  (3) the other cat ions  in solution and 
their  concentra t ions , and (4) accompanying anions . 

Laboratory experiments t o  determine how much exchange will take place a s  a solu- 
tion i s  passed  through a given material may yield useful resu l t s ,  although extrapola- 
tion to  field conditions requires care (McHenry e t  a1. , in de Laguna , 195 5 ,  p , 196) . 
In such experiments most of the soi l  is in  contact  with the solution, but under field 
conditions in  which 3ermeability varies because  of minor sand bands or fractures th is  
may not be the  c a s e ,  

Considerable work h a s  been done on ion exchange on so i l s  i n  relation to radio- 
act ive  was tes  d i sposa l  (de Laguna, 195.5). For more bas i c  understanding of ion ex.- 
change on c lay  minerals, the reader i s  referred t o  Grim (1953, 1962) . 

* Grim (1953, p .  126) explains ion exchange a s  follows: " The c lay  minerals have the 
property of sorbing certain anions and cat ions  and retaining these  in an  exchangeable 
s t a t e ,  i ,  e , , these  ions  are  exchangeable for other anions or cat ions  by treatment 
with such ions in a water solution . . " 



Self purification, particxlarly of o r g a ~ i c  matter, t akes  place within the f i l l  i tself  
(Ministry Housing ar,d Local  Govt ,  (Gt,  Brit .) , 1961, p .  il, 2 6) . The degree of purifi- 
ca t i en  depexds Qn the length of time the refuse l eacha te  remains in the f i l l ,  

Tke Mirlistry cf Housing and Local Govt .  s tud ies  in  England (1961, p ,  23) es tab-  
l i shed that  by pass ing refuse  leachate  through sand and gravel  f i l ters  "general  purifi- 
ca t ion from organic matter can  be effected" .  Purification from chlor ides ,  su l f a t e s ,  and 
amrno~ ia  was  fsalnd t o  be much l e s s  complete.  Although aerobic purification wocld be 
more efficient ,  i t  i s  not l ikely t o  be operative in ground wate rs .  

Investigation by McCormick (1966, p.  46) in  South Dakota d i sc losed  that  the hard- 
n e s s  and alkalinity of leachate-contaminated ground water were substant ia l ly  reduced 
a s  the water passed  through a small  surface pond. Althcugh no u s e  h a s  been made of 
th i s  method, i t  may be  worth considering in  the  se lect ion of d i sposa l  s i t e s .  

Preul (1968, p ,  65 9) ha s  demonstrated that  ammonia nitrogen, n i t ra te ,  phosphate 
and alkyl benzene sulfonate (ABS) are a l l  materiailly reduced in  concentrat ion a s  ground 
water into which t he se  subs tances  have been introduced flows through a fine-grained 
medium. He considers  that  the major removal mechanisms are  adsorption (both ion- 
exchange and physical)  and biologdcai act ion and cautions that  i f  percolation from a 
sontarnination s9:Jrce occurs over a period of t i x e ,  the adsorptive capac i ty  wil l  become 
progressively exhausted and contarnination can  be  expected t o  occur farther and farther 
from the  source.  

Davidson e t  a l .  (1968, p ,  629) s t ~ d i e d  the movement of subst i tu ted urea herbicides 
through so i l  colurr~ns,  Their r e su l t s  showed tha t  these  compounds were adsorbed and 
retained but tl-e retention propert ies were va s t l y  different for different herbic ides ,  
even  when they were from the  same chemical  family. 

STABILIZATION OF LANDFTI_LS 

Stabil ization cf i s c l f i l l s  depends primarily on the  raEe of decomposition of their  
organls msl~ter,  which Elias s c n  (1942 a ,  p , 913) found i n  New York procesded most 
rapidly w t e n  the refuse  had a moisture content  of 40 to 80 percent.  The most rapid 
s tabi l iza t ion described i n  the  literature i s  for a f i l l  in  a swamp near  New Orleans 
(Schneider, 195 3 ,  p .  84) . After three years  t he  materials  in  th is  f i l l  were inert  
enough t o  be used a s  cover for subsequent d i sposa l  operations.  In San Francisco,  
however, (Am, Ci ty ,  1947, p ,  11) , a 12-year old f i l l  showed l i t t le  evidence of decom- 
posit ion.  Other descr ipt ions  of disinterred refuse of various a g e s  have been given 
by  Carpenter and Setter  (1942, p. 388),  Longwell (1957, p ,  423, 424) ,  Montgomery 
and Pomeroy (1949, p.  14) and Weaver and Keagy (1952, p. 2 2 ) .  

ENSIITEERING PROCEDURES TO PROTECT GROUND WATER 

Impermeable Liners 

To prevent movement s f  liquid a d  some gaseous  pol lutants ,  the  b a s e  and/or s i d e s  
of a d i sposa l  area are  cemmonly l ined with a 1- or 2-foot layer  of compacted c l a y ,  
One of the  few deta l lzd s tud ies  of how efficiently a c l ay  l iner prevents water  move- 
ment was  conducted en a 3-foot deep  freshwater lagoon a t  the 1938 Golden Ga te  



International Exposition in San Francisco (Lee, 1941). The liner was 10 inches  thick 
and had been compacted with a 14-ton flat  roller. Loss through the liner was initially 
l , 0 0  inch per day ,  but the l o s s  was reduced to  0,10 inch per day after the liner had 
been treated with sea water, which c m t a i n s  free sodium ions.  

The resul ts  of this  study should be applied with discretion to  refuse disposal  prob- 
lems a s  the conditions described above differ from those expected of a ]landfill in  four 
respec ts .  First,  the  ccmposition of landfill leachate  differs from that of s e a  water,  
and i t  i s  possible that  the c lay  minerals would react  to the ions dissolved in  the 
leachate  in a manner that produced an increase rather than a decrease in  permeabilityo 
Next, the lagoon a t  San Francisco was used to  hold fresh water,  which in  time leached 
the c lay and necessi ta ted retreatment with high sodium sea  water,  A liner in  a refuse 
pit i s  constantly in  contact  with leachate ,  and treatment of the liner would be imprac- 
t i ca l ,  Third, the l i ~ e r  in  San Francisco was not a s  greatly compacted a s  liners beneath 
disposal  s i t e s  might be,  Finally, c lay liners located in ground-water discharge zones 
may be suscept ible  to  buckling during filling due to build-up of pore water pressure be- 
neath the Biner, 

In Lake County, I l l inois,  contaminants from a landfill operation lined with uI:comP- 
acted clay were found to have moved a few feet  into the surrounding materials (Hughes 
and Duel, 1966, p ,  7 )  , In South Dakota a bentonite s e a l  used in  a waste  stabil ization 
pond in extremely sandy soil  was found to  leak (Carl and KaPda, 1960, p ,  122). The 
u s e  of c lay h e r s  for sealing refuse disposal  s i t e s ,  where minor amounts of leakage 
may be significant,  must be carefully evaluated,  Where l iners  are relied upon t c  con- 
trol the movement of leachate  from a saturated refuse disposal  s i te  the absence of 
nearby water supply wel ls  down-gradient from the s i t e  should be ascertained. In 
general ,  c lay l iners offer the  most economica l~y  feasible  safeguard against  pollution 
by landfil ls ,  For f i l ls  below the ground-water table plas t ic  and jute, and plas t ic  
l iners are being experimented with (Stearn, 1967, p ,  82) .  

Impermeable Covers 

I t  ha s  beer! suggested that  graded, compacted c lay  covers be used on completed 
landfills to prevent the  downward percolation of rain that  might leach the fill materials, 
This procedure offers advantages particularly in  a reas  with heavy rainfall; however, 
such a Biner would a l s o  restrict  movement of landfill g a s e s ,  principally carbon dioxide, 
into the atmosphere, diverting i t  downward and laterally into the surrounding so i l ,  This 
problem has  been considered in  California (Engineering-Science, Inc. , 1965) . 

Collection and Disposal of Leachate 

Landfill s i t es  possibly could be waterproofed a t  the base  and tiled to  divert 
Beachate to a co%liection point where i t  can  be removed and treated in  lagoons (Ministry 
of Housing and Local Govt,  (Gt. Brit ,) ,  1961, p. 281, However, the cos t  of such an 
operation can be expected t o  be  high. 



Re- Use of Proved Sites 

Removal of nearly s tabi l ized and inert  refuse from a s i t e  proved safe  s o  that  the 
s i t e  could be  re-used for d i sposa l  of new refuse  h a s  been proposed (Ministry of 
Housing and Local Govt , , G t .  Brit , ,  1961, p ,  28) .  The old refuse  could then b e  dis-  
posed of a t  other s i t e s ,  where,  because  of i t s  reduced potency,  i t  would have no  harm- 
ful e f fec t s .  The expense  of t h i s  procedure would probably not be  warranted un l e s s  the 
envircnment was  such t l a t  addit ional  safe  s i t e s  could not be found or e a s i l y  constructed.  

The only c a s e  in which th is  technique was  uti l ized was  reported by Stone and 
I s rae l  (1967, p ,  86) .  A one year old anaerobic f i l l  was  excavated and the decomposed 
solid was te  recompacted in a new ce l l .  Odor problems were severe  during the  opera- 
t ion but  the  g rea tes t  drawback was  that  a 26 percent volume expansion resul ted.  

FAVORABLE SITES FOR DISPOSAL 

Dry Conditions 

A d i sposa l  s i t e  i s  usual ly  considered favorable i f  the  refuse will  remain dry or un- 
sa turated,  thus reducing the ra te  of production of contaminants and preventing their 
mobi8l.zation. 

Two types  of s i t e s  fa l l  in to  th is  c l a s s ,  In the  f i r s t  category are s i t e s  where dis-  
posa l  t akes  place  below the  ground surface but above the  zor,e of sa turat ion.  The 
second type includes s i t e s  where refuse is disposed on the ground surface and ,  i f  
necessa ry ,  covered and graded to prevent the  entrance of water.  

In arid a r e a s ,  invest igat ions  have shown that  leachate  from refuse deposited in  
ei ther of the two aforementioned ways wit1 not pollute the ground water .  In humid 
a reas  the same would probably h.old t rue ,  but  in humid a r ea s  i t  beccrnes difficult to  
find s i t e s  where excavat ions  will  not in tersect  t he  zone of saturation and even more 
difficult t o  plzse  a permanent impermeable cover on the  completed f i l l .  

Geologically Favorable C o ~ d i t i o n s  

Even a sa turated d i sposa l  s i t e  may b e  considered sa t is factory i f  the  permeability of 
the earth materials a t  the  s i t e  is low enough t o  retard movement of contaminants from 
the  s i t e .  In most i n s t ances ,  materials  with permeabilities of l e s s  than gal/day/ 
ft2 are  considered a s  relat ively impermeable. In laboratory measurements,  c l ays  and 
g lac ia l  t i l l s  fa l l  into th i s  c l a s s  (Todd, 1959, p . 5 3) . At a hydraulic gradient  of 1 foot 
per foot and a specif ic  yield of 5 percent ,  ground-water velocity through such mater- 
i a l  would be approximately 0.026 feet  per d a y ,  or nearly 10 fee t  per year.  Such 
materials a l s o  frequently have favorable ion exchange character is t ics .  

Safe d i sposa l  in t h i s  type of environment depends on the low permeability of the  
surrounding earth materials to 

(a) retard movement of contaminants from the d i sposa l  s i t e  unti l  their  
potency has  been considerably reduced by bacterial  or chemical  p rocesses ;  



(b) at tenuate contaminants in their passage  away from the disposal  
s i t e  by ad sorptian and filtration with possible  concomitant 
reduction s f  permeability; and 

(c) minimize the rate a t  which any contaminants could be introduced 
into a potable water supply,  

Few compsekensive investigatrons have been made of d i sposa l  s i t e s  in materials 
b 

with Bow permeability, and the actual extent of spread of contaminants in such en- 
vironments i s  not extensively documented. Cartwright and McComas (1968) and 
Hughes -- e t  a l ,  (1369b) point cut that  a res is t iv i ty  survey in homogeneous s i l ty  sand 
outwash traced mineralized water from a landfill  for a dis tance of more than 1000 feet ,  
The resul ts  of the  resistnvlty survey were supported by the resul ts  of a geochemical 
sampling program, 

Table 3 l i s t s  hydrogeological criteria for evaluating sanitary landfill  s i z e s ,  f 

Table 3 is based  on informatfor, presented by Cartwright and Sherman ( l969) ,  

Hydrologically Favorable Conditions 

Under conditions that  are  hydrologically favorable, movement of contaminants 
along Pines of flow would be  such that e i ther  they could not reach a useful  ground- 
water or surface-water resource,  or their at tenuation t o  acceptable levels  would 
occur before they reached such a water resource.  

The major advantage of disposal  in such environments i s  that pollutants need 
riot be retained a t  a s i te  for an indefinite period, and the refuse need not be kept 
dry until the fill  h a s  s tabi l ized,  In a hydrologically safe  s i t e ,  the continued pre- 
sence  of contaminants should not be a problem. 

Selection of hydrologically safe  s i t e s  depends on an  understanding of the  ground- 
water flow system,  which may be difficult to  acquire.  This i s  perhaps the grea tes t  
drawback to consideration of th is  kind of environment for d i sposa l  purposes,  Id 
pollution sf a water supply a t  a proposed s i t e  i s  judged to be l ikely,  then utilization 
of a flow system evaluation teehr.ique such a s  that  described by Freeze and Wither- 
spoon (1966, 1967) may be necessary ,  

Other disadvantages include the  necess i ty  of imposing some control over factors 
that  may change the  ground-water flow system,  such a s  installat ion of reservoirs or 
pumping of wel ls  nearby. In some c a s e s ,  the rate of contamination attenuation and 
the concentration of contaminants that  could be tolerated i n  aquifers or surface waters 
must be es tabl ished prior to  approval of a proposed s i t e .  

In spi te  of these  disadvantages ,  hydrologically safe  environments show a great  
dea l  of promise a s  s i t e s  for waste  d i sposa l ,  and the possibil i ty of their  u s e  in  Idaho 
i s  d i scussed  in more detail! la ter ,  



TABLE 3 
CRITERIA FOR EVALUATING SANITARY LANDFILL SITES 

(Modified after Cartwright and Sherman, 1969) 

1, Type of unconsolidated material: 
Favorable - glac ia l  t i l l ,  l ake  s i l t s  and c l a y s ,  windblown silt ( loess )  
Unfavorable - sand ,  gravel  

2 . Thickness of unconsolidated material: 
Favorable - 50 f ee t  or  more (30 fee t  i f  no  trenching is proposed) 
Unfavorable - l e s s  than 50 fee t  (30 f ee t  i f  no trenching is proposed) 

3 . Type of bedrock: 
Favorable - s h a l e ,  metamorphic rocks ,  unweathered igneous  rock 
Unfavorable - sands tone ,  fractured ba sa l t ,  weathered igneous rock 
Questionable - b a s a l t  not known to  be fractured 

4. Local sources  and potent ia l  sources  of water: 
Favorable - deep  bedrock we l l s ,  sand and gravel  we l l s  with l ogs  showing 
thick impermeable cover  over aquifer ,  dug we l l s  i f  500 fee t  or more from 
the  s i t e  
Unfavorable - shal low bedrock we l l s  (part icularly in fractured ba sa l t  or 
other c rys ta l l ine  rock) sand and gravel  we l l s  with logs  showing th in  cover 
over aquifer 

5 .  Site topography: 
Favorable - f l a t  upland a r e a s ,  r idges  above heads  of gu l l i e s  and r av ine s ,  
dry open p i t  mines or quarr ies  
Unfavorable - (require operational  engineering) - depress ions  where  water  
accumulates ,  lower reaches  of gu l l i e s ,  s tream f loodpla ins ,  other s i t e s  
near  surface  water  a r e a s  where l eacha te  might d ischarge  in to  the  water  

NOTE: If 1, 2 ,  4 ,  and 5 ,  or 1, 3 ,  4 ,  and 5 are  favorable,  there is l i t t le  probabil i ty t ha t  
ground-wat e r  contamination will occur .  



CONDITIONS RELATED TO REFUSE DISPOSAL 
IN IDAHO 

Climate 

A major factor infiuencing the  production of l eacha te  from landfi l ls  is the amount 
of precipitation that  penetra tes  the refuse .  The mean annual  precipitation a t  se lec ted  
cities i n  Idaho is presented in  Table 4 ,  Judging from the  s tud ies  on leaching previous- 
Py noted,  rainfal l  i n  much of northern Idaho could be expected t o  be adequate t o  pene- 
t ra te  a landfi l l  un l e s s  protective measures were t aken ,  In much of the Snake River 
Plain on the other hand,  rainfal l  probably would be  insufficient  t o  penetrate a landfill  
i f  it is  covered properly with fine-grained mater ia ls ,  

Geology arid Geomorphol~gy  

The above values  of average annual  precipitation can  be  categorized according to  
the  general  geomorphic province wherein the  measuring s ta t ions  a re  loca ted ,  With 
the  exception of Lewiston,  the communities receiving l e s s  than 14 inches  average 
annual  precipitat ion a r e  located within the  Middle Rocky Mountain Province, the  
Eastern Snake River Plain Section of the Columbia Intermontane Province, or the  Mal- 
heur-Boise-King Hill Section of the  Columbia Intermontane Province. Those cornmuni- 
ties receiving more than 14 inches  average annual  precipitat ion are located within the 
Tri Sta te  Uplands Section of the  Columbia Intermontane Province, the Palouse I l i l l s  
sec t ion  of the  Columbia Intermontane Province or the  northern Rocky Mountain P r o v i ~ c e  
(Ross and Savage,  1967, p a  144), Lewiston, which rece ives  13.85 inches  average 
annual  precipitat ion,  is i n  the same subdivision of the  Columbia Intermontane Province 
a s  is Grangevillle which rece ives  2 2  . l o  inches  average annual  precipitat ion.  Jn this 
c a s e  the  difference i n  precipitation is due t o  a difference i n  e levat ion,  

The s ignif icance of categorizing refuse d l sposa l  sites according t o  average annual  
precipitation lies i n  the  f ac t  tha t  s tud ies  e lsewhere  have indicated tha t  landf i l l s  re- 
ceiving more than about 14 inches  average annual  precipitat ion can  be e x p e c t ~ d  to  be 
fully penetrated by precipitat ion.  Consequently,  extra ca re  must  be  exerc i sed  i n  t he se  
a r ea s  because  of the  production and movement of leachate  from the site. (It, should 
be  noted that  the  figure 14 inches  is a n  upper limit and may be  sl ightly optimist ic and 
tha t  the  ef fects  of different distr ibutions of precipitat ion throughout the  year  h a s  re- 
ce ived l i t t le  attention.) The significance of categorization by  gecmorphic province or 
sect ion of  geomorphic province lies i n  the  fac t  that  provinces or sec t ions  of provinces 
are delimited s o  tha t  they a r e  structural ly and geologically similar ,  contiguous uni ts .  
By uti l izing s imi lar i t ies  i n  precipitation and i n  geology and geomorphology, it is 
poss ible  t o  make cer ta in  generalized s ta tements  about refuse  d i sposa l  s i t e  se lec t ion ,  

SELECTION OF SITES 

In those  geomorphic provinces or subprovinces which receive  less than about 14 
inches  average annual  precipitat ion,  the se lec t ion  of refuse  d i sposa l  s i t e s  usual ly  
c a n  be reduced to  locating a fine-grained unconsolidated sediment (preferably silt s i z e  
or finer) where the water  table  is a t  optimal depth below the  ground surface and over 
which surface water  dra inage is minimal, Valley bottoms should generally be  avoided,  
part ial ly because  they a r e  l ike ly  t o  be  underlain by coarser  grained al luvial  depos i t s  



TABLE 4 - Mean Annual Precipi tat ion a t  Se lec ted  Idaho C i t i e s  (after Ross and 
Savage ,  1967, p.  204-207 and Idaho Water  Resources  Board, 1968, 
p.  27-28). 

C i t y  Average Annual 
Precipi tat ion ( inches)  

Montpelier  13.80 

Idaho Fa l l s  

Pocate l lo  

Twin Fa l l s  8.70 

Boise 12.93 

Grangevi l le  22.10 

Lewis ton 13.85 

Moscow 21.70 

Wal lace  41.64 

Sandpoint  32.50 



which will conduct Peachate if the water table r ises  above the bottom of the fi19., and 
partially beeacse valley bottoms represent areas of maximum hazard from surface run- 
off. If p rec ip i t a t i~n  i s  seasonal  the allowable distance to  the water table should be 
determined duri.ng t.k;e wet portion of the year, The "optimal" depth to  the water table 
must be based on a compromise between the economics of transporting the was tes  to 
a prspcsed si.te and the economics associated with the risk of the occurrence of pclPu- 
tiox of ground water a t  the refuse disposal s i t e .  The State of Illinois for exarriple ne- 
commends between 30 feet and 50 feet of relatively impermeable material between the 
base  of a landfill and the shallowest,  underlying water yielding formation (Cartmight 
and S h e r m a ~ ,  1969).  The U, S o  Public Health Service s ta tes  that  a report accompanying 
the plans for a sanitary landfill shal l  indicate geological formations and ground-water 
elevations to a depth of a t  lea s t  10 fee t  below proposed excavations and lowest e1.t-+va- 
tion of the s i te  (U, S,  P o  H, S,  , 1969) , The greater the thickness of fine-grained 
material between tho bottom of a landfill and the water table ,  the greater the insuratzce 
agai.nst undesirable carsequences  of: an unusually wet year,  Maxinurn thickness s f  
fine-grained material beneath a s i te  a l so  provides insurance against  damages I f  l e s s  
than 14 inches of annuall precipitation will penetrate a landfill1 completely. 

If the elevation of the water table a t  a proposed s l te  i s  determined by the  water  
level  I? an open hole car holes ,  care should be taken got to  drilldl the hole too deep 
initially. The elevation of the watea level in  many open holes drilled to  more than 
2 0  or 30 feet below the water table will not colncide with the elevation of the water 
table. In addition, In fine-grained materials 3 to  6 days should be allowed for t h e  
water level in a drillhole to reach equilibrium in order that  an lndlcation of the true 
water table elevation may be obtained. 

Middle Rocky Momtain Province -- 

The communities of Montpelier and Soda Springs are  located in this province. In 
the MiddPe Rock.y Mountain Province, a ~ t i c l i n a l  and synclinal structures, a s  well a s  
thrust fauJts have produced h e a s  valleys and ridges (Ross and Savage, 1367, p , 148) . 
The valley bott,oms are farmed; mest are irrigated, In most valleys Quaternary alluvium, 
basal ts  or the Salt Lake Formation are exposed a t  the surface.  A water table map 01 
t h e  Bear River Eas i r~  2psasent.sd by Dion (1969) indicates that, in that area the water 
table cask be expected to coinci.de with the ground surface near stream channels,  but 
that  the ground surface r i s e s  more rapidly away from streams than does the water table .  
The Salt  Lake Formation, or i t s  equivalent, commonly crops out along valley margins, 
and i t  car? be expected to  contain more fine-grained materials than the alluvium or the 
basal t  (Dion, 1969, personal communication). Consequently ideal refuse disposal  
s i t e s  would be expected along the valley margins in the Salt Lake Formation or i,ts 
equivalerit . 
Eastern Snake Plain Section of the Columbia Intermontane Province 

The comrmunitles of Bl iss ,  Jerome, Twin Falls,  Buhl, Burley, Pocatelhlo, Idaho Falls,  
St, Anthony and Shoshone are  among those located in this subprovince, 

The eastern Snake River Plain Section of the Columbia River Intermontane Province 
is a lava-filled structural and topographic basin about 60 miles wide extending e a s t  
and northeast from the City of Bliss (Ross and Savage, 1967) . The northern boundary 
of the p l i a i~  is weld defined and consis ts  of several  mountain ranges in  the nsr?herr 
Rocky Mountain Province. To the south, e a s t  and west  this subprsvince grades more 



gradually into terrain which is l e s s  rugged than the mountains to  the north. 

Most of thp surface of th is  subprovince i s  a youthful lava pla teau,  partially 
covered with thin wmd-blown, or other,  unconsolidated materials; the p l a t eau  i s  al- 
most featureless  except  fgr a few low shield volcanoes ,  cinder cones  and lava ridges 
( R ~ s s  and Savage, ;9C9, p, 153; Mundorff e t  a l . ,  1964, Plate 3 ) .  Only a few permanent 
streams ex i s t  on the  ,slain, Some streams disappear and serve a s  recharge t o  the under- 
lying aquifers. Much of the 14,030 square miles of the Eastern Snake River Plain re- 
ce ives  l e s s  than I2 i11.9.=5es average a ~ n u a l  precipitation (Mundorff, e t  a l ,  , 1964 ., Plate 
2 )  0 

The water table n a p  presented by M~ndorf f  e t  a l .  (1964 Plate 4) shows equipoten- 
t i a l  l ines  that  in general  are oriented perpendicular to  the trend of the Snake River; 
however, most of the equipoqlent~al l ines  away from the rlver are dashed ,  meaning 
tha t  there are i r s r ~ f f i c i e ~ t  data to es tabl ish  them with c l r ta in ty ,  Because the s lope 
of the  grourid sxrfar=e parable1 to  the  Snake River i s  l e s s  than the slope of the ground 
surface perpendic3llas to the Snake River i t  probably I s  safer for purpcses of refuse 
disposal  s i t e  se lect ion t3 assume that  some car?porient of the water table gradient i s  
oriented perpendicular to the stream and that  the water table r i s e s  under sorne loca l  
topographic k q b s  cr  where rnajor fault zonFs are encoilntered . Well and spring data 
for the wet portlor? ~f the year car, be used to  verify this  assumption for specific 
Bocalities, A c c o ~ ~ ~ P ~  trl) Mundorff (1967, Plate 5)  the ground water In the viclnity 
of American Falls  reservoir de f~n i t e ly  moves in  a direction perpendicular to  t5s  Snake,  
except  a t  the dowr-stream end of the reservoir ,  where the head In the  reservoir i s  suffi- 
z icnt  to  impose on t-le ground-water fiow system a c o m p ~ n ~ r t  of veP3city directed 
nearly parallel  to  the  r i v e ~ .  

Most of the paplka!:un centers  in  the Easter!] Sr,ake River Piair! sect ion of the 
Colcmbla River Ir~terrnontane Prcvince are  located near the Snake River, A l l  the c i t i es  
ment,o~led e-xf:~?: Bliss srld Pocatsl lz are si tuated c n  alluvium underlain a t  some depth 
by SLake K i . c r c  Basalt intercalated wiih sedimentary -?!aterials or Quaternary alluvirsrn 
a ~ d  .ake sedlmerrs  (Mur ldo r f f t  d l . ,  1364, Plate 3" Crcisthwaite, 1957, Plate 5; Malde,  
Power and Marsha22.. 9963) .  Where the river f l ~ w s  iri a deep gorge,  a s  is does  ne3r 
Bl iss ,  the water t ab le  car ,  be expected t : ~  r i se  l e s s  r a ~ i d i y  than t h e  ground si_lrface; 
consequently refuse d i sposa l  s i t e s  can  be se lec ted  beneath which the depth t o  ground 
water is nearly the same a s  the depth of the gorge i n  which the river f lows. In most 
local i t ies  where a d s e p  gorge e x i s t s ,  tke  land surface is underlain by basa l t .  Because 
basa l t s  normally are  fractured and permeable i t  would be advisable  to  s e l ec t  a s  refuse 
d i sposa l  s i t e s  locations where the basa l t  i s  covered with the maximum available thick- 
n e s s  of unconsolidated mac:erials, In sorne c a s e s  such materials may be of eollan origin,  
l ake  sedimerlbs , or ordiaary soi l  prodused by weathering. If the previously mentioned 
val ley alluvial  deposi ts  are selected a s  refuse d i sposa l  s i t e s ,  maximum care  should 
be  exercised because they azs likely to be coarse-grained and permeable, and most 
are likely to can ta i -  a relatirrely shallow water table .  Unfor tu~a te ly ,  in th is  area some 
d isposa l  has  3 ~ c c ~ ~ r r e d  in cavernous and porous, fractured vclcanic  ven ts  with direct  
connection to  underground tubes  and fragmental volcanic debr is ,  

Where the Snake River i s  not si tuated in a deep  gorge,  a s  in the eas te rn  portion of 
the subprovince (approximately upstream frorn American Falls) a different approach will 
be  required for the select ion of safe  refuse d i sposa l  s i t e s ,  Si tes  beneath which the  
water table i s  deep and which are a l s o  near population centers  are  l ikely to  be few in 
number, Conseq~m?nt'y the sel.'ct:cn of s i t e s  underlain by fine-grained, untonsoPidated 



mater ia l  i s  cri t~asal ,  If i t  becames necessary to  es tabl ish  refuse d i sposz l  s i t e s  in 
alluvium near the rives, oi7ly the flne--grained portions of the alluvium should be util- 
ized;  a reas  such a s  high terraces beneath which the water table i s  a t  maximum depth 
should be se lec ted .  In some local i t ies  low, broad volcanic hi l ls  may prove to be  use- 
ful because of the expected greater depth to  ground water beneath them. Savage (l961a, 
Fig. 3) presents a geologic n a p  of Bonneville County which should be consulted for the 
generalized distribution of fine-grained sediments in that  a r ea ,  

Malheur-Boise-King Hill Sectlora of the Columbia Intermontane Province 

Included among those communities located in this subprovince are Boise,  Caldwell ,  
Nampa, Payette,  Bruneau, M o u ~ t a i n  Home, and King Hill ,  The 10,090 square miles of 
this srnbprs?rince are characterized by thick lake and stream sediments that  are inter- 
bedded with basa l t s .  The subprovince encompasses lowlands on both s ides  of a pay- 
:ion of the Snake River, and ridge s and nearly f lat  uplands along other portions of the 
Snake River (such a s  near King Hill) (Ross and Savage,  1967),  

According to the geologic map published by Mundorr'f e t  al., , (1964), the principal 
commr~nities in th is  subprovince are si tuated on the Idaho and Payette Groups,  which 
cons i s t  of lake and stream sediments of variable grain- s i ze  including c lays  with in-  
tercalated local  basa l t  f lows. Quaternary alluvium cons i s t s  of stream, l a k e ,  and 
eolian deposits  with some terrace grave! s o  

In the eas te rn  portion of the subprovince (near Mountain Home or King Hill) hlgher 
portions of the ground surface are sufficiently above the water table s o  that  l i t t le  diff- 
iculty should be encountered in  selecting refuse disposal  s i t e s  that  are well  above the 
zone of saturation.  Some Pleistocene unconsolidated sediments overlie the  basa l t  it._ 

the Mountain Home area;  these  may consti tdte the fine-grained materials needed for 
was te  disposal  s i t e s ,  Another alternative is the fine-grained portions of the Idaho 
Group to  the southwest of the  c i ty .  Acc0rdir.g to the geologic map of Littleton and 
Crosthwaits (195 7 ,  Plate 6) similar al ternatives ex i s t  for Bruneau, Littleton and 
Crosthwaite (1957) a l s o  present data cn d ~ p t h  to  ground water and on the  d i s t r i bu t~on  
of wind hlotvn s i l t  i n  the vicinity of Bruneau, Care should be taken to avoid the g~aarell 
portions of the Quaternary alluvium, particularly a t  locations where L\e ~hratel- table is 
near the ground s l~ r f ace .  

Near Nampa , Caldwell and Boise area problems with the selection of waste  dis-  
posal  s i t e s  can be an.ticipated because of near-surface ground water in  the  Quates-, 
nary alluvium which covers the valley bottoms. However, in the uplands and terraces 
near these  c i t i e s  the Idaho Group and the  Nampa and Caldwell Sediments crop out.  
In the Idaho Group the water table can be expected t=, occur a t  depths sufficierit to 
permit refuse d i sposa l  operations a t  se lec ted  locat ions .  The Nampa and Caldwe1.l 
Sediments contain fine-grained materials which should consti tute safe  refuse dis-  
posal  s i t e s  i f  care  i s  taken to  avoid near-surface water t ab l e s ,  Clay beds  occur in  
a l l  these  younger materials .  Maps of the  dlstribution of the  Idaho Group and the Nampa 
and Caldwell Sediments are presented by Savage (1958, Fig. 4); these  maps should be 
consulted when delineating prospective a r e a s ,  

With respect  to  refuse disposal  s i t e s  , hydrogeologic conditions ifi Payette County 
to the north are slrnflar to those in  Ada and Canyon Counties; consequently similar 



procedures car be follov\red. Savage (1961b, Fig. 4) presents detailed geologic maps 
of that  area which can  be utilized to identify unccrr,solidated, fine-grained materials  
1n the refuse disposal  s i t e  sc-.lection process .  

Tri-Sta-te Uplands Sectioc of the  Columbia In t e rmo~ tane  Province 

Lewiston , O r o f i ~ o  , Gra ngeville , Cottonwood, Craigmont and Winchester are  among 
the p r i ~ i p a l  communities located in th is  subprovince. 

As noted earl ier  the City of Lewiston rece ives  l e s s  than 14 inches  average annual 
precipitation; consequently,  under our ba s i c  premise,  precipitation should not  be  suffi- 
c ien t  fully to  penetrate a landfill  i n  th is  area provided the disposal  s i t e  is not located 
near the  top of the valley wall  where precipitation increases  considerably,  The selec-  
tion process then reduces  t o  the  delineation of a s  fine-grained a material a s  is avail-  
able  which does  not occupy a valley bottom. In the  Lewiston area the grea tes t  promise 
for such a sediment l i e s  in  the deposi ts  designated. by Bond (1963) a s  the  Pleistocerre 
co.rlgiomerate or a reas  where c l a y s ,  s i l t s  and sands  of the Latah Formation are  exposed 
a t  higher e lsvat ions  , Some contain fine-grained sediments which should be sat isfac-  
tory a s  a refuse disposal  mediurr., These deposi ts  occur locally cn the escarpment 
called Lewiston Hill t o  the  north of Lewiston a s  wel l  a s  to  the  south and e a s t  of Lewis- 
ton.  They have been mapped in  considerable deta i l  by Hollenbaugh (1359). Because of 
the nature of the terrain north of the  c i ty ,  potenti.a.1 landfil ls  should first be  sought to 
the south and e a s t .  The grollnd surface r i s e s  rncre rapidly away from the Snake and 
C.karv\ra-cer Rivers than d c e s  the water table ;  consequen.tly s i t e s  wel l  above the water 
table  should be avai lable .  Other l e s s  desi rable  depos i t s  in  the area a re  l ikely t o  be  
underiain directly by fractured basa l t  or by a near-surface water table .  

Topngraphizaliy higher communities in the Tri.-State uplands subprovince c a n  be  ex- 
pected to receive more thas! 14 inches  average annual .precipitation; consequently greater 
care mgst be t:ake:~ both i n  s i t e  se lect ion and in d i sposa l  s i t e  engineering. Near-sur- 
face ,  fractured basa l t s  occur in  the  Craigmont, Cottonwood, and Grangevi,lle a reas ;  
therefore, e t ~ p h a s i s  skc).:;ld he placed on the  select ion of s i t p s  where thick,  unsaturated,  
r e l a t i - ~ e l y  inlperarleahle l c e s s  deposi ts  overlie the basa l t ,  Valley bottoms, such a s  
those on th.5 rmthwes t  s ide  of the ridge lying to  the south and e a s t  of Grangevil le,  
shouid be utilized only after  careful e v a l u a t i o ~  of ground-water conditions in  them and 
af ter  precautionary engineering measures have been taken ( see  sect ion ent i t led,  Engineer- 
ing Procedures to  Protect Ground Water) . 

Valley bottom communities, such a s  Orofino and Kamiah, are l ikely to  experience a 
shortage of sa t isfactory refuse disposal  s i t e s .  Alluvium in  the valley bottoms is l ikely  
to  be  saturated,  and s t e e p  valley wal ls  will  limit the availabil i ty of ~ inconso l ida ted ,  
frne-grained materials above the  area of a near-surface water table .  Never theless ,  
t he se  deposi ts  of c lay  an.d s i l t  of the Latah Formation probably are  most promising. 
Under these  conditions s i t e  evaluation should take into account the possible  influence 
of refuse emplacement on s lope s tabi l i ty .  A landfill  a t  the top of a slope is l ikely to 
be more permeable than the slope i tself;  consequently a refuse d i sposa l  s i t e  near the 
top oE an unconsolidated slope may induce ground-water recharge to  the underlying 
materiads, thereby enhancing the probability of a slope failure.  Areas which contain 
abundant evidence of ear l ier  slumps or s l ides  should be  examined carefully before re- 
s e i v i ~ g  approval a s  refuse d i sposa l  s i t e s .  



Palouse Hills S e c t i o ~  of thc- Cciur~zbia - Intermontane Province 

Communities irk this sub_r)rovince iriclude Moscow and Potlatch, Both of 
local i t ies  recef;~.? rnQt'e thar:. 14 inches average ar!r?ual. precsipitation, which should 
be sufficient to pe~e t r - a t e  a handfill, Loess covers much cf the surface of this sub- 
province, particularly in the vicinity ,sf popl;ia:i,on cen te rs .  I t  ranges in  th ickness  
from O to  300 feet  (Foxworthy and Washburn, 1963 ) ,  Data presented by WilP.iarns and 
Allman (1969) and by Ross (1365) suggest  that  near-surface water table can  be expected,  
ever, in  shallow ua l le , j  bstt'c)ms ic the l o e s s ,  Consequently landfills ins ta l led a t  these  
locat isns  can be sxpected to  b e ~ o m e  saturated and to produce undesirable I .eachates,  
Where permeability i s  sufficiently great and ion e x c h a ~ g e  capaci.ty limited, such 
leacha tes  may travel dnwr?:--gradient in the ground-water flow sys tems ,  If wel l s ,  de- 
veloped springs or small strearcs are located down-gradierit from a potential refuse dis-  
posal  s i t e  i,n th is  type gf ecvlrorment,  the prospective s i t e s  shouid receive intensive 
hydrogeologic investigation prior to u s e .  

The Paiouse Hills subprovince does  contain a reas  with hydrogeoiogi.~ characteris ' -  
t i c s  that  are suitable for refuse d i s ; ~ n s a l ,  Broad ridge tops under1ai.n by a maximum 
thickness  of loess  offer the most promise. The l o e s s  i s  fine-grained and relatively 
impermeable, provided any discor t inui t ies  are plugged, a s  would be the c a s e  in  the 
disturbed and reworked bottom of a refuse d i sposa l  p i t .  The water table ber,eath such 
ridges can  be expected to be a t  depths w t~ ieh  are maximum for the subprovince, there- 
by precluding disposal. i r i  the saturated zor-e. Last ly ,  a d i sposa l  s i t e  on such a ridge 
top would receive oraly a minimum of: surface runnff, which would minimize the probab- 
i l i ty of the refuse becoming saturated after emplacement, The rate of prcduction and 
migration of l2ack;ate would thereby be minimized. 

Northern Roe!; Mcun tain Province - ---- - - -- 

The com~.~uni t ies  cf S t ,  M a r i e ~ ,  Coeur d'Alene , Kellogg , Wallace and Sandpoint 
are located within this  2rovince. With the possible exception of Coeur dWAl.er?~! t \ese  
communities are si tuated t.opogrzphi.calky in  what might be terrned mountain valleys.  
A11 ecmmilniti:+s C S ~  be expected tc; receive more than 14 inches  average annual pre- 
cipitati.on, There-for?; !.andfills i n  these  a reas  oa;! be sxpected to produce ssme leach- 
a t e .  Cons,equentL-y, great  care sh!:~Zd he ;aken ir, the .selection of hydrogeoigic en-- 
vironments in  whish refuse i.s d isposed.  Relatively impermeable deposi ts  with deep 
water tables are e s sen t i a l ,  The availabil i ty of safe  refuse disposal  s i t e s  near a l l  of 
t he se  communities i s  likely tc; be limited because  of the nature of the topography and 
hydrogecsloqy in their vfcini t i es  , 

According t o  the gecloglc map of Anderson (1940, Plate 2 )  the deposi ts  in  the 
vicinity of Coeur d WAlene c o s s i s t  o i  Quaternary allu.\rium, Pleistocene glacia l  deposi ts  
(mostly sarzd arid gravel) ,  Tertiary basa l t s  and Pre-Cambrian metamorphosed rocks .  
The water table in the alluvium wili generally b? found a t  or near the surface; the 
glacia l  deposi ts  con.sist of p e r ~ e a b l e  outvvash and the basa l t s  and metamorphic 
rocks are consolidated with most having o ~ l y  a thin cover of unconsolidated materidl. 

If was tes  are disposed in  the stream channel alluvium, they can  be expected to  
l i e  beneath the water table ,  a t  l e a s t  during a portion cf the year,  Because portions 
of al luvial  deposi ts  can  be expected to  be  permeable, l eacha te  from a saturated fi l l  
c an  often be expected to move with the  gr0un.d water i f  the leachate  i s  allowed to 



escape  from the f i l l .  Consequently the installat ion and careful maintenance of an 
impermeable liner i n  a d i sposa l  p i t  is e s sen t i a l ,  A c lay  cover will  reduce infiltra- 
tior; if erosion can  be prevented. Limited c lay  and g lac ia l  t i l l  may be located local ly  
for th is  purpose. In addit ion,  prior t o  s i t e  approval, an  inventory of water supply 
sources  dowra-gradient from the s i t e  should be conducted in  order to  ascer ta in  that  
any  leachate  which does  e scape  will  do no damage prior t o  i t s  renovation. The proba- 
bil i ty of darnage t o  a down-gradient stream should be considered a l so .  The question 
of whether the dilution capaci ty  of such a stream i s  s u f f i c i e ~ t  to  h a ~ d l l e  the  discharging 
ieacha te  must he  answered.  

Utilizaiicn of the g lac ia l  outwash to the northwest of Coeur d'Alene a s  a was te  
d i sposa l  medium may offer mor2 proniise than does  the  alluvium, The water t ab le  i s  
known to occur a t  depths  of a t  beast 150 fee t  below land surface a t  several  loca l i t i es  
within s ix  rniIss t o  the northwest of the c i ty  (Crosthwaite,  1969, Personal communica- 
tion) . Even though the  saturated outwash usually c a n  be expected t o  be  permeable, 
:hicknesses of gravel in th i s  order of magnitude should serve a s  a sa t isfactory filter- 
ing mediain fcr refuse leacha te ,  especial iy  i f  a n  effective c lay  l i m r  is ins ta l led or 
occurs naturally in d i sposa l  pits .  Never theless ,  care  should be taken to ascer ta in  
tha t  no water supply wel l s  are located near a prospective disposal  s i t e .  

Weathered s lopes  of the ridges underlain by basa l t  and metamorphic rocks ad jacen t  
to  Coeut d q l e n e  may a l s o  offer scrr.e promise a s  was te  disposal  s i t e s ,  However, the 
sc61 profiles or? th.-se ridges are thin and under precipitat icn conditions present in the  
Ceeur d%Alene area the z 3 ~ e  of saturation is l ikely to  be near the ground surface a t  
most such  loca t ions ,  Consequently sa fe  d i sposa l  s i t e s  in th is  type of medium will  
be Eizited i n  n:~mber,  Abandoned quarries that  a re  high above the  water table  i n  
ncar l~y  ?re.,-Sam.briari metamorphic rocks a l s o  may represent sa t isfactory refuse dis-  
posal sites, Elovrever, joints and fractures shculd be  examined prior to  u s e .  

The cornmuritles of S t ,  Mar ies ,  Kellogg and Wallace a re  i:? similar hydrogeologic 
envir~r? .~xor , ts  wit?: respec t  to  the  select ion of s a f e  refuse d i s p s a l  s i t e s .  The val ley 
bott.oas a re  anderlai;?. by aEIrrviurn or glacia l  outwash and the valley wal ls  r i se  abruptly 
from the valley bottoms, (Johns,  1933, and Hobbs e t  a l p  , 1.965, for geologic maps of 
the St ,  Masies anr! Cseul- d g l e n e  valley a r ea s ,  respectivelvj  . Water l eve ls  in  the 
Elks' wel l  a t  Wal lace?  Zanetti well a t  Osburn and the  Lions' wel l  near Pinehurst in- 
dicate  that  the water t ab le  is within 10 feet  of the surface in the  bottom of the  Coeur 
d"1ene River val ley,  The presence of marshes ,  springs and seeps  indicate  a similar 
si tuation in the St,  Joe R.iver val ley near S t ,  Maries . This condition, combined with 
the fact  that  weBEs in these  val leys  a r e  uti l ized a s  sollrces of domestic wate r ,  precludes 
the u s e  of the  outwash depos i t s  a s  a refuse d i sposa l  inedium. The thin so i l  profiles 
cn  t h ~  valley wal ls  c a n  be  expected to preclude the disposal  of refuse in the uncon- 
soll.clated medium a t  most locat ions .  

It appears that, the grea tes t  prornise for s a f e  refuse d i sposa l  s i t e s  for these  communi- 
t i es  l i e s  i n  t h e  virtually impermeable Precambrian metamorphic rocks which crop out 
above the 63oebr duAAlene and St.  Joe River val ley bottoms. A few abandoned quarries 
have been excavated i n  these  rocks and with proper care given to the routing of surface 
drainage,  they may cons  t i t ~ t e  safe  d i sposa l  s i t e s .  St ,  Maries currently u t i l i zes  such 
a s r te  with no apparent l eacha te  problems. Jointed and fractured rocks should be avoided.  
Dispc~sa! in, local  valjlcy bottoms should be avoided because  of the  probability of the  



praduction and e scape  of Peachate concomitant with saturation produced by surface 
runoff. 

The comrnu~i ty  of Sandpoint is a l so  similar in  some ways to St. M a n e s ,  Kellogg 
and Wallace with respec t  to  the availabil i ty of safe  refslse disposal  s i t e s .  According 
to the geologic rnap of Savage (19 67 ,  Fig. 2B) , rhe unconsolidated materials in the 
broad valley bottlnms adjacent t o  Sandpoint cons i s t  of c l ays ,  s i l t s ,  sands and gravels .  
For the most part  these  materials wl19 be permeable except for the  c lay  layers .  Con- 
sequently there 1s a r isk of any leachate  produced being carried with the  ground water 
rn~tring through the sediments,  Some c lay  depos i t s  to  the  north and northeast of the  
c i ty  may consti tute safe  disposal  s i t e s ;  however, these  s i t e s  may be  unfavorable be- 
cause  of transportation econorfiics . 

Higher on the  s lopes  above Sandpoint the  metamorphic rocks of the Precambrain 
and the i g n e ~ u s  rocks of the Kanlksu batholith crop out. These rocks ,  particularly 
the metamorphlcs, have low permeability; consequently properly engineered excava- 
t ions in them may consti tute satisfactory refuse disposal  s i t e s  provided sufficierrt 
overburden is present to operate a landfill  project properly. Unfortunately, hovvever, 
the readily avai lable  gravels of the glacia l  deposi ts  near Sandpoint have minimazed 
the number of excaavirions for crushed rock in the  metamorphic rocks .  Therefore, 
ready-made excavations in  the metamorphic rocks are  limited. 

The c o s t  of creating such a n  excavation in  hard rock exclusively  for the  purpose of 
refuse disposal  would be unreasonable. Consequently Sarldpcint and nearby comrnuni- 
t i e s  may be forced to se lec t  the finest-grained and dr ies t  valley fill  deposi t  available, 
carefully engineer the operation, and ascer ta in  that  no nearby water supply wel l s  are 
located dcwn-gradient. Such a s i t e  would be termed protective rather than absollutelly 
sa fe .  Additioriall ii?sl.ght into ground-water conditions and the distribution of lake 
sediments in  the area i s  provided by Walker (1964). 

EVALUATIIqG FROFOSED REFUSE DISPOSAL SlTES 

Refuse d i sposa l  s i t e s  should be  located i n  relativeE3- impermeable materral withir, 
which the  water table is 30 to 50  feet below the bottom ;f the proposed f i l l ,  Disposal  
in standing water should not be  permitted. Under these  conditions movement of any 
refuse leachate  produced will be  retarded or prevented. C lays ,  s i l t s  and certain un- 
fractured metamorphic rocks meet these requirements in Idaho. Sites underlain by 
sand and gravel generally a r e  l e a s t  desi rable .  Table 3 summarizes favorable and un- 
favorable l--ydrogeologic condit ions.  Prospecting for ideal  d isposal  s i t e s  reduces  t o  
determining whether t he se  conditions ex is t  a t  a proposed s i t e .  Preliminary information 
can  be obtained from ifispection of surficial  outcrops,  from published geologic maps,  
from published water table  maps,  and from drillers'  logs  or other well logs .  This 
report contains r2ierences which should prove helpful to  the major communities in  
Idaho. In al: a r ea s  where no information is available t e s t  holes will be  required. 
Samples for grain s i z e  ana lys i s  should be  obtained from such holes to depths of a t  
l e a s t  30 fee t  below the  bottom of the proposed pit .  The elevation and direction of 
slope (gradient) of the water table  can be  obtained from open holes or from piezo- 
meters.  Other more elaborate techniques,  such a s  res is t iv i ty  or seismic surveys are 
available;  however, these  will  involve considerable expense.  In a l l  c a s e s  prospective 
s i t e s  shlsuld be evaluated by a n  experienced geologist  who is familiar with the  move- 
ment of ground water in  various types  of rocks.  



If i n ~ e s t l g a t i s ~  determines that  a community has  no available s i t e s  which meet 
the idaaY kydrsjecalogical condn~aons mentioned above and summarized in  Table 3 ,  
then that aornrnunlty may be forced t o  s e l ec t  a l e s s  than ideal  s i t e  and take precau- 
t ~ ~ n a r y  measures to mnnirnize the risk of pollution by i t s  refuse d i sposa l  operation. 
These measures include the careful instal lat ion sf a c lay  l iner ,  determining the direc- 
t ian of ground-water motion a t  the s i t e ,  ascertaining that  no nearby water supply wel l s  
or springs a re  located down-gradient from the s i t e  and ascertaining that  the dilution 
m;apacity of atny nearby down-gradient stream i s  capable  of hardling any refuse leacha te  
tbaf d:sr,karges into i t ,  The communities in  the South Fork, Coeur dlAlene River val ley 
may find themselves i n  th is  position. Most communities in  Idaho have avai lable  refuse  
dl sposa l  s i t e s  w k ~ h  good potential from the hydrogeologieal point of view,  

SUMMARY 

Ideal hydrog~s log ica8  conditions for refuse d i sposa l  s i t e s  cons i s t  of the occurrence 
a t  the s i t e  of fine-grained unconsolidated sediments 30 to 50 feet  th ick.  

A th~zk.ness  s f  52 fee t  of cnconsolidated,  fine-grained material permits the  excava- 
tion of 20-foot deep trenches commonly used in  the cut  and f i l l  emplacement technique.  
Under t he se  cofiditions 30 fee t  of urconsolidated material will remain beneath the  dis-  
posal  pit or trench. The water table  should n3t in te rsec t  the bottom of the d i sposa l  
p ~ t  even d u r i ~ g  t h ~  wet tes t  portion of the  year ,  Sediments which meet these  geologic 
requirements are g.!acia"l.till, lake s i l t s  and c l a y s ,  shal.es , and w i ~ d b l o w n  s i l t  (loess) . 
Sediments whl,ch skoukd be  avoided i f  a t  a11 possible  are  sand and gravel ,  or fractured 
sandstone ,: l imestone,  dolomite and basa l t ,  a s  should rocks known to contain soluble 
minerals producing large voids and solution cav i t i e s ,  The geology adjacent  t:2 most 
of the rnajtx commur~itles I.? Idaho has  been mapped ir s~ffir:ient de ta i l  to provide con- 
siderable insight dntc where both desl.rable and undesirable conditions can  b e  expected 
to occur,  This re,psr.t lncludes references to publications con+rai,ning geological  maps 
af areas  adjacent to  most of Idaho" major communities, Also included herein a r e  
rederec.ces af hyd rog~o log ic  s tudies  which n a y  provide ins ight  in to  the depth a t  which 
the water table can  be expected t o  occur and into the direction of ground-water motion. 
The a-vailabi1,it.y of this  la t ter  type of information, however, is much more limited than  
is ge~loglca.1, ilri formation. 

In a reas  where hydrogeological ihformation is not avai lable  i t  may be necessary  to  
examine d r i l l e r s q a g s  (available through the  Idaho Department of Reclamation), or t o  
ca l l  upon knowledgeable investigators to  conduct on-srte field s tud ies ,  including 
t e s t  b o r i ~ g s  , piezometer ins ta l la t ion,  permeability t e s t s ,  and possibly res is t iv i ty  or 
other geophysical  surveys.  

Ideal ly ,  from a hydrageologic standpoint, refuse d i s p ~ s a l  s i t e s  should be  located 
or fllat. upland a r ea s ,  on ridges a t  the heads  of draws ,  gul l ies  or ravines  and in  dry 
open-pit mines or quarr ies ,  These s i t e s  a re  l ikely  t o  have minimum damage from sur- 
faze dunoCf and are l ikely t o  be well above the  water table .  Undesirable s i t e s  cons i s t  
of depsess ions  where water accumulates,  lower or middle reaches  of gu l l i es ,  draws or 
s n a U  va l leys .  stream floodplains or a t  the upper portions of al luvial  fans where per- 
m ~ a b l ~  s e d i m e ~ t s  srop ou t ,  

A f2w c:'rnaxlr~nities i n  Idaho lack topographically and hydrogeologicaEly idea l  re- 
fus? d i sposa l  s i t e s ,  These communities may have t o  resort  t o  the  u s e  of what ha s  



been termed a hydrogeologically protective s i t e .  The use  of such s i t e s  requires the 
careful instal lat ion of a relat ively impermeable c lay liner beneath the  refuse and per- 
h q s  even a se r ies  of sett l ing lagoons for effluent.  As additional insurance,  the 
ground-water flow system adjacent  t o  such s i t e s  should be determined prior t o  
approval. Additional precautionary measures include ascertaining that  no nearby water 
supply wells  or springs are located down-gradient from the proposed s i t e  and ascer-  
taining that  any stream located down-gradient has  sufficient dilution capacity to  handle 

. the leachate  that  might be discharged into i t .  Because hydrogeologically protective 
s i t e s  depend to some degree on the  ion exchange capacity of the sediments down- 
gradient from the s i t e  to renovate escaping leacha te ,  i t  may be advisable to evaluate 
th is  parameter i f  the  detrimental consequences of pollution are  great .  
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