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the results obtained at the Parvin Lake site show that microorganisms,

once present in the zone of saturation, can be readily transported by

the ground water gradient.

In addition to the physical controls imparted upon percolating

effluent by fractured and jointed bedrock, the geochemical effects of

cornmon rock types on bacterial survival were briefly examined.

The purpose of this portion of this study was to determine whether

certain rock categories, i. e., igneous, metamorphic, volcanic, etc.,

could produce rapid bacterial die- offs and thus aid in effluent purifi

cation where soils alone were inadequate.

In an attempt to explain the variable geochemical effects on bac

terial survival, a regressional analysis was conducted. Analysis of

the data on the varying chemical elements of the rock samples

(Table 7) and bacterial survival times in the presence of the samples

revealed only calcium, sodium and silica were significant in corre

lation with rapid die-off rates. Trace elements were not included

in the analysis since trace analyses were only available for 10 of the

rock samples. The pH values of the rock-water aggregates which

ranged from 5.7 to 8.4 were not significant from the regressiona1

analysis. The reduced toxic effect during the second exposure may

have been due to the solubilization of the calcium and sodium. from

the fresh rock surfaces during the first exposure and the removal of

these solubilized elements prior to the second exposure. While the
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results of the geocheInical effects on bacterial survival are incon

clusive, it appears froIn the preliIninary data that Inineralogy of

the geologic stratuIn on percolating effluent to be le s s iInportant

than the physical controls.

Additional laboratory studies on the effect of various clay type s

(montmorillonite, illite, kaolinite) upon bacterial survival revealed

that while clay minerals present in soils are important in the physical

absorption of microorganisms (15, 24), their toxic effect on fecal

type bacterial is negligible (Table 11). After two weeks exposure to

the three different clay types, coliform levels declined less than one

loglO unit from initial inoculation levels. Also, the clay content of

the "fines" analyzed did not correlate with bacterial die-off rates.

To date, little work has been done in examining the fate of septic

tank effluent in mountainous terrains which are generally lacking in

adequate soil profiles and underlain by fractured crystalline bedrock.

The guidelines or regulations, which are presently being employed in

evaluating the suitability of mountain building sites for the installation

of conventional waste disposal systems, were developed in and for

rural non-mountainous areas where municipal waste treatment

facilities were unavailable. In these areas, minimum horizontal

distances between water-wells and disposal sites as well as the deep

soil profiles appeared to be sufficient in most cases. In addition,

percolation tests gave a reasonable estimate of soil absorbancy since

the underlying soil was fairly homogeneous.
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With the accelerated growth and developm.ent of the Front Range,

there has been an increasing num.ber of m.ountain hom.es and cabins

being constructed which require both a domestic water supply and

waste disposal system. Since dependable and factual guidelines for

the safe installation of conventional waste disposal systems at

mountain building sites were not available, health agencies have

adopted or modified many of the criteria used in evaluating proposed

waste disposal sites in non-mountainous areas. Without sufficient

field data on the movement of septic-tank effluent in hard rock terrains,

the minim.um horizontal displacement distance was doubled by public

health agencies (100 ft.) hoping that this would prevent contamination

of adjacent water-wells; maximum percolation rates (less than 5

minutes/inch) were also established to protect ground water from

contamination. This investigation was attem.pted to generate pertinent

data on this problem as well as evaluate regulations presently being

employed 0 r unde rgoing revisions.

Hydrogeological and mic robiological results obtained at both the

Parvin Lake and Poudre Canyon sites strongly indicate that septic

tank effluent can readily percolate through fractured bedrock and

subsequently enter shallow ground water supplies without proper

purification. This inadequate purification is due to the lack of clay

soils underlying soil-absorption fields or along rock fractures and the

high flow velocities of percolating effluent through bedrock fracture s.
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In addition, bacteria-laden wate rs entering the zone of saturation

are transported in the direction of the local ground water gradient.

Such contamination may eventually enter well-waters and surface

water supplies posing a health threat to those who subsequently

consume this water.

Finally, present criteria being used to determine the suitability

and design of conventional waste disposal systems in non-rnountainous

areas are totally inadequate in evaluating potential waste disposal sites

in mountainous terrains. Percolation rates, rninimurn displacement

distances and depth of soils, typically used as pararneters for site

approval of septic-tank soil- absorption systerns in agricultural and

urban areas, cannot entirely be used for the evaluation of rnountain

waste disposal sites. Results of this investigation clearly show that

present regulations ernployed in site approval cannot be considered

adequate to protect potable ground water supplies. It is therefore

es sential that hydrogeologic data such as bedrock fracture patterns,

depth and rnovement of ground waters? seasonal fluctuations in water

levels, depth of bedrock weathering, be fully ascertained.
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SUMMARY AND CONCLUSIONS

This investigation has shown that fractured bedrock, cOInm.only

found underlying dOInestic leachfields in Inountainous terrains, can

easily be an avenue for effluent percolation and subsequent contaInina

tion of potable ground water supplies. Further, the anisotropic nature

of Inany geologic m.aterials largely controls the direction and rate of

movement of contaIl1inated ground waters. From laboratory and field

studies, it has been dem.onstrated that insufficient effluent purification

occurs in or along bedrock fractures. Microbial die-off rates as a

result of toxicity due to the mineralogy of SOIne com.Inon rock types

were found to be negligible.

The approval of sites for installation of conventional waste

disposal systeIns has been Inost often based on percolation rates and

horizontal distances between disposal units and water supplies.

Hydrologic results obtained at both test sites indicated that perco

lation rate s are not a dependable or factual criterion for site approval

in mountain areas. Depending upon the proximity to underlying bed

rock fractures, percolation rates can vary considerably within the

area of the proposed leachfield site. Thus, site approval based on a

single, or even several percolation tests may re sult in the installation

of septic-tank soil-absorption systeIns where proper effluent filtration

can never be adequate.
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From the data obtained at the Parvin Lake site, it is obvious that

present guidelines which recommend a minimum distance of lOO ft.

between water-wells and domestic waste disposal sites are inadequate

to protect ground water supplies from contamination in mountain areas.

Continued contamination of shallow ground water supplies by

domestic waste waters can result in a gradual deterioration of

re gional ground water quality. Although microbial die - off and

oxidation of organic matter in shallow aquifers does occur, the lack of

dissolved oxygen, low temperatures, and the slow rate of dispersion

and dilution greatly prolong the time required to remove ground

water pollutants.

On the basis of results obtained from this investigation, it can

be concluded:

l. Bedrock fractures can readily accept and convey contaminated

percolating waters to shallow ground water supplies.

2. The direction and rate of movement of bacteria-laden effluent

is largel y affected by the anisotropy of the bedrock.

3. The distances traversed by percolating effluent through

fractured bedrock was observed to exceed 100 ft. (horizontal).

And, it is suspected that distances may exceed several

hundred feet.

4. Insufficient microbial filtration of leachfield effluent occurs

in or along bedrock fractures and joints.
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5. Microbial die- offs due to the mineralogy (geochemistry) of the

confining rock str atum is negligible.

6. Moderate percolation rates and large distances between water

wells and conventional waste disposal units cannot insure the

continued potability of ground waters in mountainous areas.

7. Fecal-type bacteria present in ground waters may survive

several months.
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TABLE 6A. ROCK SAMPLES; GEOLOGIC DESCRIPTION AND
LOCATION

Sample No.

Al

BI

CI

Dl

El

Geologic Description Location

Trachybasalt(Adel Mtn. Volcano) Wolf Creek, Montana

Trachyandesite Wolf Creek, Montana

Log Cabin Granite Prairie Divide area,
Larimer Co" Colo.

Peridotite (Ming Bar Diatreme) Wolf Creek, Montana

Porphyritic quartz monzonite Comanche Peak,
Mummy Range,
Larirner Co., Colo.

FI Rhyodacite

Gl Trachyandesite

HI Kimberlite( Sloan Diatreme)

II Trachyandesite

JI Log Cabin Granite

Kl Co rdie rite - anthophyllite-
almandine- biotite - quartz gneiss

LI Quartz monzonite

MI Rhyolite

Wolf Creek, Montana

Wolf Creek, Montana

Larimer Co., Colo.

Wolf Creek, Montana

Prairie Divide area,
Larimer Co., Colo.

South Rustic Quad.,
Larimer Co., Colo.

Chambers Lake area,
Larimer Co., Colo.

N. E. Rustic Quad.,
Larimer Co., Colo.
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TABLE 6B. ROCK SAMPLES; GEOLOGIC DESCRIPTION AND
LOCATION

Sample No.

A2

B2

C2

D2

E2

F2

G2

H2

12

J2

K2

L2

M2

N2

02

P2

Q2

Rhyolite

Porphyritic quartz monzonite

Log Cabin Granite

Silver Plume Granite

Rhyolite

Muscovite- biotite-quartz shist

Rhyolite

Log Cabin Granite

Chlorite schist

Peridotite(Ming Bar DiatreITle)

Quart zofeld s pathic s chi st

Quart z ITlon zonite( La g Cabin)

Biotite gneis s

Hornblende granodiorite

Porphyritic quartz monzonite
(N e 1son B atholit h)

Quartz monzonite

Granite

N. E~ Rustic Quad.,
Larimer Co., Colo.

Twin Lakes, Colo.

Prairie Divide area,
Larimer Co., Colo.

Indian Hills, Colo.

Boston Peak Quad.,
Larimer Co., Colo.

Buckhorn Canyon,
Larimer Co., Colo.

N. E. Rustic Quad.,
Larimer Co., Colo.

Pingree Park area,
Larirner Co., Colo.

Buckhorn Canyon,
Larimer Co" Colo.

Wolf Creek, Montana

Buckhorn Canyon,
Larimer Co., Colo.

Poudre Canyon area,
Rustic, Colo.

South Rustic Quad.,
Larimer Co., Colo.

Buffalo, Colo.

Sirdar, British
Columbia, Canada

West Chambers Lake,
Larimer Co., Colo.

South Rustic Quad.,
Larirner Co., Colo.
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TABLE 7. CHEMICAL ANAL YSIS OF ROCK SAMPLES

Chemical Sample Number
Species
(%Wt. ) Al Bl Cl>lc Dl >:~ EI* FI

S'O 51 . 2 56.5 70.5 43.1 67.5 62.41 2

A1
2

0
3

15.9 15.5 16.2 8.5 14.6 17.3

FeO 3.8 3.9 1 . 18 6.2 2.3 1.8

Fe
2

0
3

6.5 5.7 1.38 2.4 2.9 3.4

MgO 4.6 1.7 0.45 23.5 1 .45 1 . 3

CaO 8.0 4.9 0.90 8.9 2.9 3.0

Na
2

0 3.4 4.3 3.0 1 . 3 3.0 4.9

K 0 2.6 2.6 5.35 0.57 4. 1 3.6
2

H 0+ 1 .4 1. 3 0.69 2.5 0.32 0.58
2

H
2

O 0.78 1.2 0.28 0.85 0.14 0.33

TiO 0.83 1.2 0.39 0.52 1.05 0.56
2

P ° 0.64 0.98 0.08 0.62 0.20 0.26
2 5

MnO 0.18 O. 15 0.07 0.16 0.06 O. 11

CrO
3

CO
2

<.05 <.05 0.92 <.05

Fe

Cr 0.17

H
2

O
/

):~ Trace Analysis in Table 8.
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Chemical Sample Number

Species
(0/0Wt. ) G1 HI II Jl ':~ Kl j,~ Ll ':~

Si0
2

51.2 32.24 54.3 70.5 57.0 71.9

AI
2

0
3

15.0 3.05 19. 1 15.3 15.6 15. 1

FeO 4.3 1.09 2.6 1 .28 13.2 1. 36

Fe
2

0
3

5.6 7.41 4.3 1 .82 2.50 0.91

MgO 5.0 27.13 2. 1 0.62 7.4 0.46

CaO 7.2 8.63 5.0 0.95 0.40 1.30

Na 0 3.4 0.06 4.6 2.95 0.50 2.85
2

K ° 3.7 0.84 2.8 6.4 0.25 4.80
2

H 0+ 2.6 9.74 1. 9 0.92 1.60 O. 31
2 " ,

H
2

O 0.44 2.65 1.6 0.47 0.40 0.12

TiO 0.96 1.08 0.56 0.38 1.48 0.30
2

P205 0.50 0.54 0.77 O. 11 <0.01 0.15

MnO 0.17 0.15 O. 11 0.52 O. 11 0.03

Cr0
3

0.16

CO
2

<.05 5.2 <.05

Fe

Cr

HO
2

':' T r ac e Ana1y sis in Tab1e 8.
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Chemical Sample Number
Species
(%Wt.) Ml~~ A2~:{ B2 C2 D2 E2

SiO 72.4 74.5 67.8 70.5 70.3 75.0
2

AIO 15.7 14.9 16. 5 15.5 15.9 13. 8
2 3

FeO 1029 0.97 1.20 0.39 0.17

Fe ° 2.75 0.69 1 .61 0.64 0.65
2 3

MgO 0.30 0.25 0.59 0.53 1 .41 0.20

CaO 0.67 0.20 1.57 0.93 1.75 0.20

Na
2

0 4.6 2.6 2.43 2.98 2.41 3.15

K 0 2.6 4.2 9.12 5.83 7.09 3.85
2

H 0+ 0.81 I.Z0
2

HO 0.64 0.60 0.01 0.37 0.18 0.40
2

TOO O. 11 0.07 0.28 0.38 0.101 2

P205 0.07 0.09

MnO 0.05 0,003 0.06 0.02

CrO
3

CO
2

Fe 1 .0 0.72

Cr

HZO 0.09

~:' Trace Analysis in Table 8.
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Chemical Sample Number
Species
(Olo Wt. ) F2 G2~:< H2 12 J2 K2

SiO 62.2 73.3 74.6 24.1 42.8 82.1
2

Al 0 19.2 14.2 0.14 19.5 10.2 8.78
2 3

FeO 1 . 19 o. 18 1.55 5.4 0.43

Fe 0 2.15 0.14 3.45 2.9 0.59
2 3

MgO 5.63 0.15 0.64 37.23 19. 1 2.93

CaO 2.56 0.75 0.78 10.5 1 . 21

Na
2

0 0.48 4.5 2.55 1 .6 2.71

K
2

0 4.34 4.1 6.53 0.95 0.71 0.94

H 0+ 3.3 0.2
2

H
2

O 0.92

TiO 0.10 0.63
2

P2 0 5 0.09 0.79

MnO 0.04 0.18

Cr0
3

CO
2

0.96

Fe 1.57

Cr

H
2

O 1 .6 11 .45

~:~ Trace Analysis in Table 8.
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TABLE 70 (Continued)

Chem.ical Sam.ple Num.ber
Species

(0/0 Wt. ) L2 M2 N2 02 P2 Q2~:'

SiO 75.4 65.9 67.2 69.3 73.7 72.0
2

A1
2

0
3

12.91 14.1 15. 53 15.23 14.0 14.7

FeO 0.65 4.75 3.3 1.83 1.06 1. 28

Fe
2

0
3

1
2.23 1.7 0.80 0.35 0.36tr.

MgO 0.45 1.05 0.89 1 .23 0.75 0.45

CaO 0.48 2.10 2.71 2.85 1.92 0.84

Na 0 1.72 2.21 3.08 2.75 2.55 3.44
2

K 0 8.31 4.60 4.91 5.38 5.70 6.05
2

H 0+ 1.39 0.23 0.92
2

HO 0.10 0.04 0.122

TiO 0.80 0.90 0.33 0.24
2

PO 0.50
2 5

MnO 0.07 0.02

CrO
3

CO
2 0.13

Fe

Cr

H· a 0.17 0.28 0.182

1
Trace.

,!- Trace Analysis in Table 8.'I'
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TABLE 8. TRACE CHEMICAL ANALYSIS OF ROCK SAMPLES

Element
(ppm) Cl Dl

Sample NUlllher
El Jl Kl Ll

B 15 17 15 15 <3

Ba 570 1500 1050 710 25 1200

Be 3.5 2.2 3.0 1 . 5 2

Co <5 100 10 5 7 18

Cr <10 1500 53 <10 <10 25

Cu 8 70 40 16 26

La 125 70 150 130 55 30

Ni <5 1000 5 <5 <5 <3

Sc 7 20 8 7.5 48 <3

Sr 90 1000 190 150 40 140

V 19 100 75 24 240 20

Y 120 10 45 52 48 10

Zr 390 70 710 630 220 220

Ga 17 22 16 18 17

Ph 60 30 30 15 50

Sn 18 23 2 12

Zn 90 110 70 70 85

Rh 210 330 15 180

Li 50 40 70

TI <.2 <.2

Ag <.3 <.3
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EleITlent Sample NUITlber
(ppm) Ml A2 G2 Q2

B <3 <3 <3 <10

Ba 810 410 620 620

Be 3.0 1 . 5 2.0 0.8

Co <3 <3 <3 <5

Cr <5 <5 <5 20

Cu 6 <5 <5 15

La <10 <10 <10 40

Ni <5 <5 <5 <5

Sc <3 <3 <3 <6

Sr 260 60 380 90

V 13 5 15 15

Y 8 10 12 37

Zr 105 25 85 90

Ga 18 1 7 15 12

Pb 24 15 28 35

Sn

Zn 52 72 35 60

Rb 64 128 94 190

Li 60

Tl

Ag
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TABLE 9A. COLIFORMS/ML FROM ROCK-WATER AGGREGATE
SAMPLES (FIRST EXPOSURE)

Sample Days after Inoculation
Number 1 2 3 4 5 6

96x10
4

10x10
5

12xl0
5

83x10
4

86x10
4

56xI0
4

Al

12x1 05 1Oxl 0 5 14xl0
5 4 4

38xlO
4

Bl 80xl0 84xlO

CI 13x10
5

88xl0
4

13x10
5

91xl0
4

78x10
4

67x10
4

66xI0
4 4

13x1 0
4

14x10
4

70x10
3 3

D1 30xl0 39x10

El 10xl0
4

95xl0
2

10x10
1 1

20x10 30

FI 1Oxl 05 11xl0
5 11 xl 05 5

95x10
4

23xl0
4

12x10

92x10
4

99x10
4 5

97x10
4

86x10
4

14x10
4

Gl 11 xl 0

4 4
85x10

3 3 4
28x1 0

3
HI 36xl0 34x10 94xlO 26x10

36x10
4

49xl0
4

77x10
4 4

87xl0
4

56x10
4

11 79x10

12xl0
5

11 xl 0
5 1Oxl 05 4

83xl0
4

54xl0
4

Jl 89x10

KI 11 xl 05 12xl0
S

13xl0
5

11 xl 0
5

10xIO
S 4

27xIO

5 2
LI 22x10 10xlO 10 5 0 0

M1 78x10
4

94xl0
3

13x10
4

1Oxl 0
4

38xl0
3

20xl0
3

Qtz
1

46xlO
4

25x10
4

70x1 0
1

11 5 0

1
Quartz control



TABLE 9A. (Continued)
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Sample Days after Inoculation
Number 7 8 10 12 13 14

Al 75xl0
4

86xI0
4

67xl0
4

52xlO
4

40xl0
4

61 xl 0
4

81xl0
4

96xI0
4 4

40xl0
4

BI 6Ixi0

CI 93xl0
4

8 7xl 0
4

10xl0
4

92xl0
4

60xl0
4

73xlO
3 3

20xl 0
3 2

30xlO
2

DI 34xlO 62xlO

El 0 0 0 0

78xl0
4 4 4 4

78xl0
4

Fl 92xl0 90xl0 93xlO

71xl0
4 4

50xlO
4

30xlO
4

20xlO
4

GI 81xlO

70xl0
2

80xl 0
1 2 2

62xlO
2HI 14xlO 64xlO

8lxlO
4

78xlO
4 5

82xlO
4

50xI0
4

II 11 xl 0

J 1 99xI0
4

99xl0
4 4

96xlO
4

69xlO
4

94xlO

Kl 82xl 0
4

10xlO
5 4-

IOxlO
5

60xI0
480xlO

Ll 0 0 0

2 3 ? ,.2Ml 55xlO 13xlO 37xlO'-' 21xlO 60

Qtz 0 0



TABLE 9A. (Continued)
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Sample Days after Inoculation

Number 16 18 21

Al 43xI0
4

75xI0
4

29xI0
4

Bl 44xl0
4

70xl0
4

37xlO
4

Cl
4

86xl0
4

55xl0
4

47xIO

DI
2 2 2

22xIO 47xlO 44xIO

El

4
68xlO

4
Fl 60xl0

3 ?,
I2xl 0

3
GI 76xlO 64x1O~

HI 21 xl 0
2

6IxiO
l 1

I5xlO

I 1 75xlO
4

64xlO
4

J 1 71 xl 0
4

51xlO
4

KI 70xl 0
4 4

93xlO

Ll

Ml 60 0

Qtz
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TABLE 9B COLIFORMS/ML FROM ROCK- WATER AGGREGATE
SAMPLES (FIRST EXPOSURE)

Sam.ple Days afte r Inoculation
Number 2 3 4 5 6

37xl0
4 4

75xl0
4 4

50xl0
4 4

A2 55xlO 69xIO 65xl0

33xl0
4 4 4 4 3

25xl0
3

B2 32xlO 43xlO 23xlO 25xl0
3

lOxl0
4 4 4 4 4

C2 90xlO 14xlO 1Oxl 0 12x10 11 xl 0
I L

0D2 38xlO 23xIO ] 0
4 3 1

33xlo
lI

8E2 15xIO 15xlO 20xIO - 0
4 4 4 4

60xl0
4

62xl 0
4

F2 35xlO 39xlO 42xlO 52xlO

G2 36xI0
5

1 1xl 0
6

85xlO
5

57xlO
5

38xl0
5

3Ixl0
5

1
46 61H2 18xlO 70 47

4 4 4
11 xl 0

4 3
33xl0

3
12 34xlO 40xlO 18xl0 55xlO

J2 0 0

1Oxl 0
3 1

4OxlO
1

31xlO
1 1

II xl 0
1

K2 36xlO 22xl0

L2 1Oxl 0
5

14xlO
5 5

22xl0
5 5

35xI0
5

18xlO 27xlO
2 2 2

31xl0
2

20xlO
2

M2 38xIO 23xlO 18xlO
4 3 3 3 3

70xI0
3

N2 l5xlO 63xlO 79xlO 77xlO 63xlO

02 10 0 0

50xl 0
3 2 2 2 2 1

P2 54xlO 25xJ 0 17xl 0 15xlO 90xlO

18xlO
4 4 4 3 3 3Q2 1 2xl 0 . 14xl0 70xlO 44xlO 29xlO

Qtz
1

18 0 0

Blk
2 4 4 4 4 , 4

49xlO
442xIO 48xl0 45xlO 52x:lO 51 Xl 0

Quartz control
2

Blank (100 Inl of distilled \vater plus inocuJunl)



TABLE 9B. (Continued)
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Sample Days after Inoculation

Number 7 8 9 10 12 14

46xl0
4

40xl0
4 40xl0

4 38x10
4 4

4Sxl0
4

A2 40xlO

24xl0
4

19x10
4

2Sxl0
4

24xl0
4 4

18xl0
4

B2 21 xl 0

C2 84xl0
3 83xl0

3
91 xl 0

3 81xl0
4 1Oxl 05

D2

E2

59xl0
4 54xl0

4
55xl0

4 4 4 4
F2 49xl0 46xl0 39xlO

18xl0
5

22xl0
5 13xl0

5
79xl0

4 4 4
G2 93x10 65xl0

H2 46 18 37 27 40 36

26xI0
3 27x10

3
21xl0

3 3 3
12 26xlO 22xlO

J2

K2 79 35 33 27 24 21

L2 22xl0
5

24xl0
5 17xl0

5
13xl0

5 S
18xl0

S
20xl0

M2 21 xl 0
2

77xlO
l

67xlO
l

62x10
1 42xlO

l

62xl0
2

SOxl0
3 3 42x10

2
N2 49xlO

02

15xl 0 I 6 7xl 0
1

89x10
1

59xlO
l 1

88x10
1

P2 S8xlO

Q2 24x10
3 14x10

3 14xl0
3

II xl 0
2 2

36xI0
2

S2xlO

Qtz

Blk 38xl0
3 24xlO

4
26xI0

4 4
23xl0

4
21xlO



TABLE 9B. (Continued)
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Sample Days after Inoculation
Number 16 18 20 23 25 29

A2 47xl0
4

34xl0
4

46x10
4

27x10
4

38x10
4

37xl0
4

B2 19x10
4

14xl 0
4

15xl0
4

10xlO
4

98xl0
3

40xl0
3

C2
4

66xI0
3

80xlO
3

62xl0
3

31xl0
3

26xI0
3

71 xl 0

D2

E2

F2 51 xl 0
4

40xl0
4

46x10
4

45xl0
4

35xl0
4

28xlO
4

G2 47xl0
4

50xl0
4

45xl0
4 _ 4

65xl0
4 4

~6xlO 44xlO

HZ 18 0 0

24xl0
3 3 3 2

6lxl0
2

52xl0
2

12 14xlO 13xlO 68xlO

J2

K2 8 14 9 0 0

L2 17xl 0
5

13xl0
5

21xlO
5

1 3xl 0
5

17xl0
5

11 xl 0
5

2 Z
78xl0

2 2
13xlO

l
M2 53xl0 89xlO 71xlO

2
30xlO

3 3
18xlO

3
66x10

2
17x10

2
N2 28xlO 29xlO

02

46xIO
l

29xlO
l 1

46xI0
1 I

P2 66xlO 32xl0 5

Q2 1 7xl 0
2

25xl0
2

32xl0
2 2 42xl 0 I14xlO 10

Qtz

15xlO
4

84xl0
3 -:<,

14xl 0
3 2

Blk 57xlO- 1 7xl 0 60
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TABLE lOA. COLIFORMS/ML FROM ROCK-WATER AGGREGATE
SAMPLES (SECOND EXPOSURE)

Sam.ple Days after Inoculation
Number 1 2 3 4 5 6

Al lOxlO
5

79xl0
4

72xl0
4

5lxl0
4

46xl0
4

83xl0
4

5
62xI0

4
77xl0

4
63xl0

4
48xl0

4
46xI0

4
BI 10xi0

CI 25xl0
6

83xl0
4

77xl0
4

62xl0
4

48xl0
4

76xI0
4

Dl 1Oxl 0
5

45xl0
4

49xl0
4

38xl0
4 4

55xl0
4

56xIO

EI II xl 0
5

6lxl0
4

63xl0
4

62xI0
4

32xl0
4

55xl0
4

FI 89xl0
4

94xl0
4

62xl0
4 78x"104

92xl0
4

88xl0
4

GI 98xlO
4

64xl0
4

57xl0
4

97xl0
4

67xl0
4

65xl0
4

HI 87xl0
4

49xl0
4

46xI0
4

5lxl0
4

51xI0
4

48xl0
4

II 86xI0
4

76xI0
4

62xl0
4 4

90xl0
4

63xl0
4

7lxl0

Jl 74xl0
4

8Ixl0
4

55xl0
4

74xl0
4

86xl0
4 4

54xl0

KI 11 xl 0
5

41xl0
4

40xl0
4

42xl0
4

65xl0
4 4

46xl0

Ll 96xI0
4

51 xl 0
4

67xl0
4

58xl0
4

72xl0
4 4

58x10

Ml 87xl0
4

53xl0
4

56xl0
4

65xl0
4

73xl0
4

36xI0
4

Blk
1

73xl0
4

39xl0
4

19x10
4

26xI0
4 3

40xl0
1

15xl0

1
Blank (100 m.l of distilled water plus inoculum.)



TABLE lOA. (Continued)
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Sample Days after Inoculation

Number 7 8 10 12 16 18

4 4 4
68xI0

4
56xI0

4
Al 64xlO 93xIO 82xlO

4 3 3 2
BI 11 xl 0 11 xl 0 40xlO 41xlO 40

55xl 0
4

I I xl 0
5

49x] 0
4

6lxlO
4 3

Cl 40xl0

4
57xlO

4 4
Z5xlO

4
I6xl0

4
DI 49xlO 30xlO

49xl0
4 4 4 4

El 54xlO 34xlO 85xIO

73xl0
4

87xI0
4 4

74xlO
4

63xl0
4

Fl 35xlO

GI 76xI0
4

67xlO
4

43xlO
4

56xI0
4

11 xl 0
4

35xlO
4

32xlO
4 4 4

HI 44xlO 33x.lO

I 1 59xlO
4

80xlO
4

48x.10
4 6' 4 I6xlO

4
bxlO

1Oxl 0
3 ')

36xI0
2 2

JI 66xIO'" 16xlO

4
21xlO

4
48xlO:± 37xlO

4 3
Kl SOxlO 77xlO

Ll
4

13xl 0
3

48xlO
2

27xI0
2

14xlO
224xlO

MI 70xl0
3 3 3 3

1 3xl 0
3

43xlO 29xlO 30xl0

Blk 9 6 0 0

---------



TABLE lOA. (Continued)
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Sample Days after Inoculation
Number 20 22 28 30 38

Al 36xI0
3

51xl0
4

64xl0
4

39xl0
4

Bl 18xlO
l

36xI0
2

18xl0
2

13xl0
2

89xlO
l

Cl 12xl0
2

80xl0
3

50xl0
3

Dl 29xl0
4

29xl0
4

27xl0
4

75xl0
3

11 xl 0
4

4
22xl0

4
11 xl 0

4
El 24xl0

58xl0
4

67xl0
4 4

62xl0
4

70xl0
4

FI 59xlO

Gl 15xl0
2

34xl0
4

12xl0
4

HI 30xl0
2

II xl 0
2

30xlO
l

81

I 1 89xl0
4

63xl0
4

56xI0
4

76xl0
4

Jl 55xlO
l

59xlO
l

4lxl0
1

2lxlO
l

l8xl0
l

Kl 36xl0
4

38xlO
4

4lxl0
4 4

25xlO

Ll l6xl0
2

47xlO
2

28xlO
2 . 2

77xlO
l

19x1O

Ml 30xlO
2

Blk
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TABLE lOB. COLIFORMS/ML FROM ROCK .. WATER AGGREGATE
SAMPLES (SECOND EXPOSURE)



TABLE lOB. (Continued)
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Sample Days after Inoculation
Number 7 8 10 12 16 18

A2 62xl0
4

99xl0
4

77xl0
4

69xl0
4

55xl0
4

B2 73xl0
4

91xl0
4

65xl0
4

52xl0
4 4

58xl0

C2 89xl0
4

87xl0
4

55xl0
4

64xl0
4

33xl0
4

61 xl 0
4

D2
4 4

66xl0
4

46xI0
4

64xl0
4

24xl0
4

79xlO 86xl0

E2 54xl0
4

77xlO
4

66xl0
4

34xl0
4

F2 30xl0
3

92xlO
4

48xl0
4

02 16xl0
2

63xl0
2

19 I 0

H2 63xl0
4

65xl0
4

67xl0
4

48xl0
4

12 74xl0
4

36xI0
4

l6xl0
3

26xl0
4

J2 47xl0
4

46xI0
4

18xl0
4

29xl0
4

20xlO
2

K2 91xl0
4

83xl0
4

68xl0
4

52xl0
4

33xl0
4

L2 30xl0
3

53xlO
2

44xl0
2

43xl0
2

M2 65xl0
4

57xlO
4

14xl0
4

27xl0
3

12xl0
3

86xI0
4

66xl0
4

60xl0
4

49xl0
4 3

N2 70xlO

02 69xl0
4

12xl0
4 2

60xl0
2

2060xlO

P2 21xl0
3

68xlO
2

48xlO
2

28xl0
2

Q2 97xl0
4

31xl0
4

80xl0
2

67xl0
4

20xl0
3

Blk 9 6 0 0



TABLE lOB. (Continued)
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Sam.ple Days after Inoculation
Num.ber 20 22 28 30 38

A2 2lxl0
4

79xl0
4

78xl0
4

56xI0
4

56xI0
4

3
48xl0

4
34xl0

4
28xl0

4
12xl0

4
B2 75xlO

C2 51xl0
4

73xl0
4

51 xl 0
4

53xl0
4

50xl0
4

D2 54xl0
4

56xI0
4

45xl0
4

38xI0
4

l4xl0
4

19x10
4

83xl0
3

17xl0
3 1

E2 15xlO

F2 l2xlO
4

l2xl0
2

G2 0

H2 19x10
4

10xl0
3

36xI0
4

20xlO
4

21xl0
4

82xl0
2

65xl0
2

26xI0
2 1

12 75xlO

l4xl0
4 3

27xlO
3

l2xl0
2

J2 71 xl 0 ~

K2 56xI0
4

74xl0
4

69xl0
4

46xI0
4

32xl0
4

29xlO
2 2 2

78xlO
l

L2 18xlO l3xlO

14xlO
2

14xl 0
3

84xl0
2

30xlO
2 1

M2 62xlO

35xl0
4

48xlO
4 4:

39xlO
4

21xlO
4

N2 46xl0

02 15xl 0
2 2

96xIO
l

54xlO
l

2lxlO
l

12xlO

P2 18xlO
l

l7xl0
2 2

19x1O
l

30xlO
l

16xlO

Q2 1 Oxl 0
2 1

76xlO
1 1

27xlO
l

90xlO 13xlO

Blk
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TABLE 11. COLIFORMS /ML FROM CLAY-WATER SAMPLES

Clay Days after Inoculation

Type 2 3 4 5 6

Montrnor- lOxlO
4

89xlO
4

86xl0
4

14xlO
5

96xlO
4

12xl0
5

illonite

Illite 27xl0
4

24xlO
4

25xlO
4

1 1xl 0
5

12xlO
5

12xl0
5

81xlO
3

27xlO
4 3 4

23xlO
4

1 7xl 0
4

Kaolinite 19x1O 22xlO

5
86xI0

4
98xl 0

4
11 xl 0

5 4
11 xl 0

5
Blank 12xlO 98xlO

TABLE 11. (Continued)

========::::;::::====================--=-==-=--=-==----====================
Clay
Type 7

Days after Inoculation
1 1 J 4 17

-----+-----_..._--_._-----_.._._--_.

Montrnor- 12xlO
5

illonite

Illite
5

1 1xl 0

Kaolinite
4

1 5x1 0

Blank I 1 xl 0
5

4
97xlO

;
lOxlO-

",
13x10~

37xl O~3

4
lOxIa

4
95xlO

2
30xlO

3
17xl 0



104

GLOSSAR Y OF GEOLOGIC TERMS

ground water - that part of the subsurface water which IS in the zone
of saturation.

zone of saturation - that zone in which the functional permeable rocks
are saturated with water under pressure equal to or greater than
atmospheric.

zone of aeration - the zone in which the interstices of the functional
permeable rocks are not fiUed (except teITlporarily) with water.
The water is under less than atlnospheric pressure.

fractures - breaks in rocks due to both intern.al and external stresses.

joint - in geology, a fractur.e or parting 'Nhicb interrupts abruptly the
physical continuity of a rock nlass, but along which no lateral
m.ovement has occured.

fluvial - of, or pertaining to rivers; prodnced by river action.

colluvial - talus and cliff debris.

igneous rock - forn1.ed by solidification of hot I11.obileD1.aterial termed
magma.

metamorphic rock .. includes all those rock"i \~lhich have fornled in the
solid state in response to pronou['l..::e.d. changes in ten1.perature,
pressure, and chem.ical envjronn-:~_-ilt~ which takes place, in
general, belo'w the depths of<}.'e<::.~hering and celnentation.

sedimentary rock. rocks fOtnlE~d by t.he· a.ccunlulation of sediment In

water (aqueous deposits) or iroIn ;i.i..r (l:-c,l'ian deposits).

anisotropy - condition of having differenl ~)rcperties in different
directions.

pe rcolation - nlovement, under hyd io::-:tatic pre 5 su re of wate r through
the interstices of t.he rock or E-Gil, except n~oven~ent through
large openings such as caves.
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amphibolite - a crystalline rack consisting mainly of amphibole and
plagioclase. Quartz is absent, or present in small amounts
only.

amphibole - a mineral group, general formula A
Z

_
3

B
5

(Si, Al
4

)Oll

(OH)2' where A is aminly Mg, Fe++, Ca and Na; B is mainly

++ +++
Mg, Fe ,Al, and Fe .

illite - name used for a group of clay minerals abundant in argill
aceous sediments.

granite - a plutonic rock consisting essentially of alkalii felspar
and quartz. Sodic plagioclase, usually oligoclase is commonly
present in small amounts and muscovite, biotite, and hornblende.

kaolinite - a common clay m.ineral. Two-layer hydrous aluminum.
silicate having the general formula Ai (Si 0 ) (OH). It consists

Z 2 5
of sheets of tetrahedrally coordinated silicon joined by an
oxygen shared with octahedrally coordinated aluminum.

montmorillonite - a group of clay minerals whose formulas may be
derived by substitution in the general form.ula Al Si 0 O(OH)Z

2 4 1
with dificiences in charge in the tetrahedral and octahedral
positions balanced by the presence of cations, most commonly
Ca and Na, subject to ion exchange.

dip - the angle at which a stratum or any planar feature is inclined
from the ho rizontal.

infiltration - the flow of a fluid into a substance through pores or
small openings. It connote s flow into a substance in contradis
inction to the word pe rcolation, which connotes flow through a
porous substance.

neutron logging - radioactivity logging method used in boreholes in
which a neutron source provides neutrons which enter rock
formations encountered and induce additional gamma radiation
which is measured by use of a scintillation crystal. The gamma
radiation so induced is related to the hydrogen (rnoisture) content
of the rock.

stream terrace - stream-cut rock terrace with thick cover of slope
wash.
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strike - perpendicular to the direction of the dip.

exfoliation - the breaking or peeling- off of scales, lamellae, as
concentric sheets from bare rock surfaces.

outc rop - the coming out of a stratum to the surface of the groun.d.

porphyritic - a textural term for those igneous rocks in which
larger crystals (phenocrysts) are set in a finer groundmass
which may be crystalline or glassy, or both.

aquifer - a formation, group of formations, or part of a formation
that yields wate r in economic quantitie s.

glacial drift - sediment in transport in glaciers, deposited by
glaciers, and predominantly of glacial origin, made in the sea or
in bodies of glacial meltwater.

phreatic - pertaining to all water in the zone of saturation.

plagioclase - a mineral group, formula (Na, Ca)Al(~_i, Al)Si
Z

0
8

; a

solid solution series from NaAlSi
3

0
S

(albite) to CaAlZSiZOS

(anorthite); one of the most common rock-formiIlg minerals.

feldspar - a group of abundant rock-forming minerals; includes
microcline, orthoclase, plagioclase, anorthoclase.


