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SUMMARY OF FINAL REPORT 
AMES - CAMBRIDGE GROUNDWATER STUDY (June 1980) 
Prepared By: Story County Planning and Zoning, September 1984 

I. CONCLUSIONS AND RECOMMENDATIONS 

A. Scope of Study 
This study Has made "to determine the movement of ground 
water in this floodplain area and to provide a preliminary 
evaluation of the potential impact of the new (Ames \vater 
Pollution Control) plant on the community of Cambridge." 
THO study objectives \;ere to (1) examine potential impacts 
of a \VPC plant at Site 5 on ground \;ater flOH patterns and 
on Hater quality in the study area, and (2) outline addi
tional observations and studies needed if Site 5 is 
selected. 

B. Conclusions 
1. Geology. The Ames Buried Channel Aquifer extends from 

Ames to Cambridge and lies under Site 5. Cambridge's 
tHO city Hells are drilled into this aquifer. At Site 
5, a layer of alluvium overlies the aquifer, protecting 
the aquifer from potential surface contamination. (See 
Fig. 4) . At Cambridge the profile is different (See 
Fig. 5) , but there is still a layer of material overly
ing the aquifer providing "a large degree of protection 
to the Cambridge Hells." ( p. 4) The aquifer is highly 
permeable, and water Hill move readily through it once 
it reaches the aquifer. HOHever, the surface layer is 
only 1% to 10% as permeable, limiting the dmmward 
movement of Hater and potential contaminants from the 
surface to the aquifer. 

2. Ground Water. Ground Hater discharges into the river, 
but the river Hill recharge the aquifer during flood 
stages. Because of the slope of the river combined 
Hith the slope of the land, ground Hater flOHS at about 
a 45° angle to the river channel. This "results in a 
determination that any potential contaminants reaching 
the aquifer from the Site 5 area \'lOuld move to the 
river Hithin one to one and one half miles dmmstream 
of the site." (p.6) HOHever, during periods of 
drought, ground Hater "lOuld travel farther dmmstream 
before reaching the river. During droughts there could 
therefor be a greater adverse effect at the Cambridge 
Hell site. HOHever, the report says that during 
droughts there is less Hater infiltrating from the sur
face, and \·,hat Hater there is ,",ould be utilized by 
crops so that there Hould be little or no excess Hater 





left to move dOHmlard. Because of the higher ground 
Hater elevation and higher degree of aquifer recharge 
in the \.Jalnut Creek area, the report recommends that 
"all land (sludge) disposal areas at Site 5 should re
main north of Walnut Creek." (p.7) 

3. River Impact. The Skunk River is in "hydrologic con
nection" Hith the buried channel aquifer. Earlier, the 
report stated that the river "ill recharge the aquifer 
during flood stages, but here the report stated that 
because of the 10H permeability of the layer overlying 
the aquifer, the influence of flood stages may consti
tute more of a pressure Have effect and less of a water 
movement recharge phenomenon. During drought periods, 
the effluent from Ames may constitute the entire floH 
of the river. Because of this, it Hill be desirable 
to not draH dOl'" the aquifer Hater level too far during 
drought periods. This could have some impact on 
Cambridge's ability to pump from city Hells during 
drought periods. If the \·later level in the aquifer is 
draHn dOHn too far, \-Iater (effluent) from the river may 
move to the Hells. Also, flood protection of facili
ties at Site 5 is considered a must, including main
taining agricultural levees at sludge disposal areas. 

4. Ground Water Quality. The Hater quality in the aquifer 
is similar to that at Ames, and Hill require treatment 
for use as a supply source. The report states that the 
aquifer is a valuable source of Hater supply, but that 
the use of Site 5 Hill obviously remove an area from 
1-35 to vlalnut Creek as a potential source of supply. 
The remainder of the aquifer can still be used as a 
source for the southern and southeastern areas of the 
county. 

5. Final Site 5 Conclusions. Site 5 is acceptable from a 
" hydrologic and ground Hater vieHpoint. " (p. 11) Be
cause of the high moisture retention and 101-1 perme
ability of the surface layer over the aquifer at Site 
5, "land disposal of digested sludge can be conducted 
on such soils." (p.11) Because of the direction of 
ground Hater movement, " any potential contaminants, if 
they reach the aquifer, Hill move tOl;ard the river, 
reaching it in half the distance to Cambridge. " (p.11) 
At Cambridge, " overlying glacial till protects the 
Cambridge Hell field from dOHmlard movement of poten
tial surface contaminants. Future evaluation may be 
necessary if increased Hell Hithdrawals reverse the 
positive, riven-lard ground '-later gradient." (p.11) 
This section concludes by stating that "the nature of 
ground Hater flOH direction indicated that there Hill 
be no adverse quality impacts on the Cambridge Hell 
field from proposed operations at Site 5." (p.12) 





6. Other Alternative Sites. Use of the present site and 
Site 4 Here discussed, but not in much detail. Both 
Here determined to be acceptable sites. 

C. Recommendations. 

1. Site Selection. Site 5 \-Ias recommended, from a hydro
logic and ground Hater standpoint, to remain as the 
first priority site. 

2. Site 5 Recommendations. Additional recommendations 
Here presented to insure the safe operation of a plant 
at Site 5. The recommendations dealt Hith site plan
ning, operations, additional testing, and monitoring 
programs. (See p. 1 4, 15) 

II. STUDY LOCATION AND SITE PHYSICAL CHARACTERISTICS 
This section discussed the physical characteristics of the 
study area and the series of test holes and observation Hells 
Hhich Here used to gather the data for the study. Of some note 
in this section Has the discussion of drainage in the Site 5 
area, and the recommendation that the existing drainage channel 
and culvert be left operational if the plant is constructed at 
Si te 5. 

I II . GEOLOGY 
This section discussed the geologic profile of the study area 
and of Si te 5. Again, it Has stated that the buried channel 
aquifer extends from Site 5 to south beyond Cambridge, and that 
the aquifer is covered by 12 to 53 feet of alluvium Hhich 
serves to protect the aquifer from surface Hater contamination. 
The ground Hater geology of the area \-Ias discussed in tHO as
pects: (1) the location and extent of the ground Hater re
charge area, and (2) the direction of ground Hater flOH. 
Ground Hater recharge is said to occur in 3 Hays. By vertical 
infiltration of surface Hater, by horizontal movement of ground 
Hater from upland areas, and by bank seepage from the river 
during flood stages. At Site 5, it Has concluded that the 
greatest influence for recharge is the floodplain (vertical in
filtration) and bank seepage during flood stages. 

IV. GROUND I-lATER MOVEMENT 

A. Regional Ground Watel' Regimen 
This section Has basically a revieH of information pre
sented earlier regarding ground Hater recharge and move
ment. Again, recharge occurs from 3 sources: (1) vertical 
infil tration, (2) horizontal inflo\-I of ground Hater from 
upland areas, and (3) bank seepage from the Skunk River. 
It Has repeated that the magnitude of influence on recharge 
from upland ground Hater is less than Hhat may be expected 
from the size of the drainage area. 





B. Ground ,later FloH Patterns. 

Ground Hater flOlv patterns over both the long-term and the 
short-term Here discussed. (Long-term includes periodic 
drought effects.) Long-term ground I·later flml patterns can 
be inferred from the surface topography of the area. "The 
inferred (long-term) ground Hater flo\ol lines in the study 
area indicate that floH in general is east\olard from the up
lands and then southeasterly diagonally dOHn valley tOHard 
the Skunk River. vlith this pattern ground Hater passing 
under Site 5 Hould discharge into the Skunk River Hithin a 
mile downstream." (p.38) The report stated that short
term observations, taken from actual measurements, confirm 
the conclusions draHn from the topographic analysis regard
ing long-term patterns. The short-term analysis reinforced 
the conclusion that ground Hater floHing under Site 5 does 
not pass near the portion of the aquifer from Hhich 
Cambridge draHs its Hater. (See Fig. 8) This section 
states that, based on this information, "the potential for 
contamination of the Cambridge ground Hater supplies by 
Si te 5 appears to be lml." (p. 40) I t Has recommended here 
that, because of ground I·,ater flOH patterns, sludge dispos
al on Site 5 should be in the areas nearest the river to 
allml for rapid discharge and dilution of contaminated 
ground Hater. 

Results frnm previous studies in the area of the existing 
Ames solid Haste disposal site were presented Hhich sup
ported the conclusions regarding short- and long-term 
ground Hater flOH patterns. HOI,ever, a note of caution was 
thrmlO in. These studies indicated that ground Hater 
contamination from the existing disposal site l·laS 
characteristic of a long-term flow pattern, that is, con
tamination Has found to be farther dmlOstream and more 
I·,idely dispersed than short-term flml patterns might indi
cate. The report stated that, during drought periods, 
ground Hater flmling beneath Site 5 may continue dOHn
valley and possibly pass into the Hithdral·,al area of the 
Cambridge Hell field. (Note: This conclusion should be 
referenced 1·li th previous information regarding Hell draH 
dOHn in the Cambridge area during drought periods, and the 
fact that during drought periods the river floH may consist 
entirely of effluent. Excessive draH dmlO by Cambridge may 
result in the river flOH (effluent) moving to the Hells. 
It appears from these tHO pieces of information, then, that 
extended drought periods may have an adverse effect on the 
Cambridge Hater supply.) Excerpting from the report 
(p.43) : 

The resul ts of the ground I·,ater study can 
thus be summarized. The short-term data (normal 
and lml flOH periods) indicate that contamination 
of the Cambridge Hater supply by activities at 
Site 5 is unlikely. The longer-term data suggest, 





during drought periods, that ground Hater floHing 
beneath Site 5 may continue down-valley and 
possibly pass into the Hithdrawal area of the 
Cambridge Hell field. HOHever, little percolation 
through the flood plain soil profile Hill occur 
during these drought events. 

In summary, the analysis of the ground Hater 
flOH at Site 5 indicates that potential for con
tamination is small, because of the dilution ef
fects and the good soil moisture retention expected 
from the soil. Any contamination Hhich might 
occur can be minimized by placing sludge on the 
flood plain areas nearest the river and minimizing 
the amounts placed along the bluff areas. 

C. Summary of Aquifer - River Relationships. 
Again, both storm surface runoff and ground Hater floHS 
discharge into the river. During flood stages, chemicals 
and other dissolved materials can penetrate to the aquifer, 
but are highly diluted. 

D. Ground 11ater Quality. 
Routine ground \1ater quality tests Here performed on sam
ples taken from each of the 7 observation Hells. The Hater 
quality Has found to be similar to Hater samples from the 
Ames Hell field. Heavy metals Here not tested, but the 
report states that "if Site 5 is selected for use, then 
these tests should be made." (p.48) 

V. FLOOD IMPACT 
Because Site 5 is located in a flood plain area, an initial ap
praisal of the flood risk at the site Has made. Information 
gathered from the June 1975 flood of record Has used to base 
inferences on the expected 2-, 5-, 10-, 25-, 50-, and 100-year 
flood interval levels. (See Table 3.) The report states that 
these are preliminary results and should be verified by addi
tional hydraulic studies if Site 5 is selected. 

Several recommendations Here made regarding flood protection 
for the facility and sludge disposal areas. They include 
placement of the high-risk facilities in the bluff area Hest of 
the old channel and north of the east-Hest county road, protec
tion of the sludge disposal areas by levees, and interior 
drainage considerations. 





iii 

TABLE OF CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

Conclusions and Recommendations 

Study Location and Site Physical Cha racteristics 

Geology 

Ground Water �lovement 

Flood Impact 

Acknowledgments 

References 

Appendices 

Engineering Certifica tion 

v 

vii 

1 

1 7  

25 

35 

5 1  

55 

57 

59 

79 





v 

LIST OF F IGURES 

Proj ect orientation map . ix 

1 .  Location map showing S ite 5, Cambridge, and the boreho les 18  
and Skunk River sample sites . 

2 .  Skunk River surface water profiles 20 

3 .  The Skunk River buried valley with the flood plain of the 26 
Skunk River superimposed (from Twenter and Coble , 1965 ) . 

4 .  East-west geological cross-section through S ite 5 .  28 

5 .  East-west cros s - section through Camb ridge . 30 

6 .  Cross - section at Camb r idge . 33 

7 .  Graph of ground water elevations for OW- 1 to OW-7 and 36 
surface water elevations on the Skunk River and Ballard 
Cree k .  

8 .  Ground water table map and hypothes ized flow d i rections 39 
as reconstructed from water level s  measured on Apr i l  7, 
1980 . 

9 .  Hypothetical cross-section through S ite 5 illustrating the 4 1  
probable ground water flow l ines . 

1 0 .  Ground water flow directions and water table elevations for 42 
the years 1 9 7 2 - 1 9 7 4  for the Ames Aquifer in the vicinity 
of the Ames Disposal S ite ( f rom Palmquist and Sendlein, 
1 9 75 ) .  

1 1 .  Map and c ross- sectional shape of the enclave of ground 44 
water contaminated by the Ames Disposal S ite . 

1 2 .  Ground water profiles across the Skunk River flood plain ,  46 
June 1 9 7 2  ( f rom Dougal and Dueker, 1 9 73 ) . 

1 3 .  Ground water profiles across the Skunk River flood p lain, 47 
August ,  1972  ( f rom Dougal and Dueker, 1973 ) . 





1. 

2 .  

3 .  

vii 

LIST OF TABLES 

River gradient of the Skunk River at Ames , Iowa . 

Water qua lity data for the seven obse rvation wel l s  
and for the C ity of Ames . 

Flood magnitudes ,  frequencies, and s tages at Site 5. 

2 1  

49 

53 





KELLEY 

• \ ..J.. J' • Z}; :. "1_ -. "'r. ,,�l)!lt. - ,'" -.u . .  ... ' t � 

ix (

'

From R.Clf Report) 

~ 
bas 2·1980 

o 1 
H H 1 

2 
1 

SCALE IN MILES 
I 

U.S. 310 I 
I ----1 
I 1 
I LO L __ ----I I � 1 I -

1 1 1 1 1 -1 ___ 1 1 1 1 1 _J I 1 -1---, 
I, 1 1 1 � \ __ LI I 0 i �� 1 I SITE 4 I � 1 � I I I 1 I 1 _ _  +_ L-, r::-r 1 --( -�/ 110 I 1 I I

S I TE 5 1 

3 
1 

1 I 1 t-
I 

-� - ,-- -t" -....f------
I 1 I 1 , 1 
, , : 1 1 -- , - -U, 1 1 ! 'r- 1 I 1 L :  1 I I 

��""""� L __ " --1 
I 
I HUXLEY, 
, 

, 1--
I 
1 , 

, 
-f-- -- -t-L�W I I 

4 
1 





1 .  CONCLUSIONS AND RECmlMENDATIONS 

1 . 1 .  Scope of Study 

A brief study has been made of the downstream continuation of the 

Ames Buried Channel Aquifer f rom Ames to Cambridge . The flood plain 

area studied in greatest detail  lies west of the Skunk Rive r ,  extending 

from Interstate Route I - 35 to Iowa Highway 2 1 0 ,  south of Camb ridge . 

This a rea includes Site 5 ,  one of the a lternatives being considered a s  

a new water pollution control p lant location by the C ity of Ames . The 

s ite i s  located midway between the corporate l imits of the two commun

ities . 

The p roposed water pollution control p lant would discharge effluent 

into the Skunk River east of the p lant s ite . I n  addition , land disposal 

of digested s ludge i s  p roposed in an agricultural a rea surrounding the 

p lant s ite . 

' -�  , .... .., '.:.'. I • .  _�. "I�{" • "�; " : . ".'� 

which has ground water wells  drilled into the buried channel aquife r .  

Study objectives included the following: 

1. Drill  test borings and insta l l  observation wells to determine 

aquifer characteristics and ground water levels in the study 

a rea . Further ,  relate these to stream levels in the Skunk 

River and in Ballard Creek at Camb ridge . 

2 .  Determine the general magnitude and d i rection of the gradient 

of ground water in the valley and under the higher terrace on 

which Cambridge is located . I llustrate the general pattern 



2 

of ground water movement in both the valley and terrace a reas 

and interpret the relationship of the ground water leve l s  to 

the Skunk River surface water levels . 

Provide a report which indicates the potenti a l  impact of a 

water pollution control plant located a t  Site 5 on ground 

water flow patterns and on water quality in the study a rea . 

.. Outline the additional observations and studies needed i f  the 

site is s elected for use as the Ames Wastewater Treatment 

Plant . 

1.2. Conclus ions 

1 .  2.1. Geology 

The Ames Buried Channel Aquifer is continuous in the reach from 

Ames to Cambridge , a s  indicated from the seven test boreholes dri l led 

during the study and from other well data sources . The deepes t  part o f  

the eroded bedrock val ley continues from the Squaw Creek valley a lignment 

at Ames on downstream , following the Skunk River valley alignment to 

Camb ridge . Old glacial  t i l l  deposits lie over the bedrock with the 

coarse s ands and gravels ( and cobb l e s )  of the buried channel aqui fer 

lying above . Younger a lluvial deposits  of sands , s i lts , and clay cover 

the aquifer providing agricultural soils  having exceptional yield 

potentials . Specific  conclus ions a re :  

1. a s  a 

cons is tent and fai rly uniform bed of coarse s and and gravel . 

the flood plain a reas designated a s  land 
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disposal s ites for d igested s ludge and extends under the glacial 

depos its on which Cambridge is  located (above the flood plain) . 
• � .  . :' .J' •• ;�" • ';'...... 7.:, . -">'t�'� �f " 

from the upland location. 

2 .  Stratigraphic data obtained at the two boreholes at Site 5 ,  Obser

vation Wells  1 and 2 (OW- l and OW-2 ) , i l lustrate the general nature 

of the a l luvia l  depos its in the study a rea . At the surface , the 

agricultural soils  have a good silty clay loam and sandy clay loam 

texture . Below the surface there a re 12 to 24 feet of clay,  silt , 

clayey sand , and fine sand which cap the underlying aquife r .  Be

neath this fine-gra ined a lluvium a re 34 to 65 feet of medium to 

coarse sand and grave l ,  which constitute the aquifer formation . 

3 .  At S ite 5 the�e is  a minimum of 1 2  to 15 feet of clay , s i lt , and 

clayey sand at the surface 11111111111111111111111111111111111111 ... 
whether it be from agri cultural or 

urban sources . Thi s  surface formation extends on downstream to 

Cambridge where Ba l l a rd Creek flows at the foot of the upland a re a  

on which the community i s  situated . 

4 .  At Cambridge the stra tigraphic profile of the upland terrace- l ike 

deposits shows a surficial layer composed of interbedded till ,  clay , 

sand , and sand and gravel from 27 to 53 feet thic k .  A shallow ve

neer of f ine brown sand l ies j ust below the surface soils . Below 

the surficial  layer a re 43 to 53 feet of sand , sand and grave l ,  and 

coarse grave l .  T i l l  l ies below this. These underlying coarse sands 
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and gravel s  a re part of the Ames Buried Channel Aqui fer .  

from potenti a l  surface contaminants 

moving vertic a l ly downwar d .  

ti�iiUiiinA������=;�,,����q;. , i llustra ting the abi l i ty 

to yield substant i a l  quantities of water from wells drilled into 

the lower portion of the aquif e r .  

either from upland recharge , flood plain  

infiltra t ion , river bank seepage during floods , or  river bed 

seepage if local well drawdown is  exces s ive . Coefficients o f  

permeab i l ity , e stimated from grain s i ze distribution analys is o f  

borehole s amples in the s tudy reach , range from 500 to 3000 gallons 

per day per square foot per unit gradient (gpd/ft), or 67 to 400 

feet per day per unit gradient ( apparent permeabi lity) . This 

would correspond to a pore velocity in the formation of 0 . 2  to 0 . 3  

feet per day to 1 . 2  to 1 . 6 feet per day (po ros ity of 0 . 15 to 

0 . 20 ) , for the 3 . 2  feet per mile gradient of the downstream river 

and flood p l a i n .  ................ ---.. e 

(top 1 2  to 20 feet) �_-, __ e 

from the surface to the interface with the aquife r .  

1. 2 . 2 .  Ground water 

Observations were made at a l l  seven obse rvation wells  (OW- l to 

OW-7 ) and a t  three s t ream locations for the February to Hay period . 
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Ground water flow maps and valley cross s ections were d rawn to i l lustrate 

the magnitude and direction of ground water flow . Observations were 

made also of water levels in the Skunk Rive r .  

Specific conclus ions a re a s  follows: 

1. The ground water elevation data show that the p iezometric 

surface is above river level during normal and low flow 

period s .  The water level i n  wel l s  near the bluff (1/2 to one 

mile perpendicular from the river) are from two to four feet 

above the water levels in the rive r .  The relatively low 

values reflect the high permeab i l ity of the aquifer and its  

ability to transport readily the seepage a rriving at its  

bounda ries . 

2 .  The Skunk River i s  the dis charge s ink for ground water flow 

in the basin from uplands to the flood plain and thence to 

the rive r .  Present and p revious studies show that ll""1I1f 
and causes the p iezometr i c  surface to 

rise during the passage o f  flood flows . Following a flood 

cre s t ,  the piezometric surface gradual ly declines , as  does the 

river stage . 

3 .  Ground water flow during normal or low flow periods responds 

to two gradients . The downstream valley and s tream gradient 

is 3 . 2  feet per mile through the study reach.  The transverse 

gradient , from b luff to the rive r ,  is  from 2 to 4 feet per 

mil e .  i n  the direction o f  the resultant of 

these two scalar gradients , which is  ,." ,....;" , '''!' �1, J'� -. 
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4 .  During extremely low flow drought periods , the transverse 

gradient decreases a s  the piezometric surface decreases at the 

bluff line and across the val ley . This would yield a greater 

downstream d i rection to the resultant flow l ines . 

•••• 1 during such drought periods 

there i s  much less  infiltration from the surface reaching the 

ground water aquife r .  Soil  moisture would b e  utilized to a more 

complete degree by agricultural crops with 

5 .  Flow net analysi s  shows that under normal c l imatic and stream-

flow conditions any water infiltrating downward at Site 5 

(and including its land disposal a reas ) would move diagona l ly 

to the river a long the top portion of the 30 to 40 feet thick-

ness of coarse sand and gravel o r  above this in the fine 

s ands . The lower portions would carry ground water reaching 

the aquifer from upland a�eas , from flood plain a reas near the 

bluff l ine , or from othe r buried channel a reas lying to the 

wes t .  During drought periods , there would b e  a greater hydrau-

l i c  tendency for deeper penetration and greater downstream 

movement , but less  water wil l  be moving downward to the a quife r .  
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I n  a l l  cases , dilution will  also  occur from diffusion and dis

persion processes . This lessens the concentration at  any one 

poin t ,  compared to no diffusion or dispersion , but can cause 

some outward movement of low concentrations . 

6 .  Walnut Creek flows eastward from the bluff l ine to the rive r ,  

about 3/4 mile downstream from S ite 5 .  There i s  topographic 

evidence of additional a lluvial deposits at its entrance to 

the valley,  which gives the a rea higher ground elevations than 

would be expected without its presence . The s l ightly higher 

ground water levels  observed at OW-3 a re believed due at least 

partia l ly to this phenomenon . This causes the flow lines to 

move more directly to the rive r . The semi-perched nature o f  

the stream could cause additional recharge t o  the underlying 

aquifer and also be partia l ly respons ible for the s lightly 

elevated ground water level s  at OW-3 . 

7 .  At Cambridge the topography s l opes eastwa rd ,  and somewhat 

northeastward (on the south side of the railroad) . In addi

tion, Bal l a rd Creek flows in a drainage ditch a cross the f lood 

plain from the west bluff to the upland terrace and around the 

perimeter to its confluence with the Skunk River east of Cam

bridge . This stream is a perched stream and does not appea r  

to offer more than a minor amount o f  recharge to the aquife r .  

The ground water g radient i s  l a rgely eastward because o f  the 

topography and its effect on ground water recharge . Aga in ,  this 
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a s sists in protecting the Cambridge well field from potential 

contamination from the north , from whatever source---agricul

tural chemica l s ,  urban effluent from Huxley or Ames , or  s l udge 

disposal at Site 5 .  

8 .  The upland a re a  west of Site 5 and east of 1-35 might s e rve as  

an experimental land disposal  s i te, s i nce it is  in deep till . 

Because the land topography s lopes and the surface runoff flows 

to the south on the east s ide of 1-35 and then to the dra inage 

way flowing eastward , no impact on the land surface or on the 

ground water table west of 1-35 is  fore seen . 

1 . 2 . 3 .  Rive r Impa ct 

The Skunk River i s  in hydrologic connection with the buried channel 

aqui fer .  During flood periods the river will cause an increase in ground 

water levels in the aquifer .  However, the low permeability of the over

laying stratum imp lies that the aquifer may be semi confined and does not 

act entirely as an unconfined ground water table aquife r . Therefore , 

Specific conclusions a re as  follows: 

1. E ffluent from Ames wil l ,  as  in the past, continue to be dis

charged to the rive r .  

I n  addition, 

Huxley d ischarges its effluent into Bal l a rd Creek, which flows 

around the north and east perimeter o f  Cambridge . 
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r_. "'0" •• ; , ,, ' . "" or -;-; J ,/, i' ' ., 1.r " �, • 

. . . .. -;. - .�. . . \". . underlying the community 

of Cambridge . 

I .' ( ,':'I,' 7" _ '�il I' "!f'.,' ,,""...\', I - the wate r levels in the Cambridge 

wel l s  may decline to a level two feet or less above the 

stream leve l .  Therefore , the s a fe drawdown potential avai lable 

during well withdrawal periods is  not great . Intermittent 

pumping to supply the community of 650 to 700 persons would 

not cause any drawdown p roblems . However ,  , • I � • • � - ' :. 

, '- _ " ',  .!-",,"..- , �,-.' - " • "r • .  -

.. : I .' . '  , • ,r, ..... I·' .: . r • . " " , : '. e 

but withdrawals would be further diluted 

by the upland and the downs tream ground water flows . ITrIl .. 
: • "" ._ "f � " '�'�'.' �� -. �, . ,., .,'C . .. '!'.; .. 

. � �'I: )0 " , 1', ': ' .  ;,�, , '" ./., ' -, ',I·�,{ •• 

the future . 

in 

This could be 

accomplished in a cost effective manner by (a)  elevating the 

immediate p lant s ite to the 100-year flood elevation (estimated 

to be E l evation 866 to 867)  plus freeboa rd ,  (b) constructing 

administration and laboratory units in the b luff above the 

flood plain leve l , and ( c )  

1I"� at a 5- to 1 0 -year frequency flood elevation (estimated 

to be at Elevation 862 to 864 ) . I n  addition , tie back levees 
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would be required along the north bank of the Walnut Creek 

drainage ditch and northward to the plant s ite on the p roposed 

access road to the proposed plant s ite . 

1 . 2.4. Ground Water Qua lity 

The water samples taken at each observation well (OW- l to OW-7 )  

were analyzed and compa red with the raw water analyses made a t  Ames from 

its muni cipal wel l  field ( the same buried channel aquifer) . The usual 

phys ical and chemical analyses were made . Deta iled analyses for heavy 

metals were not made , because of the cost and time involved . However ,  

background values should reflect those taken previous ly at Ames by the 

Iowa Department of Environmental Quality (DEQ) under federal Envirorunental 

Protection Agency (EPA) requirements . 

Specific conc lus ions a re: 

1 .  The water qua lity in the aquife r ,  for the s elected paramete rs , 

is  s imilar to that measured at Ame s . I ron removal and s oft

ening are requi red to p roduce a water supply acceptable to 

modern day consumers . 

The Ames Buried Channel Aqui fe r ,  from Ames to Cambridge (and 

on to Iowa Highway 2 10 and the Story-Polk County l ine) is  a 

valuable source of water supply.  The use of S ite 5 undoubtedly 

would preclude the immediate a rea of 1-35 to Walnut Creek from 

being considered as a source of supply . However ,  the east  s ide 

of the valley and both east and wes t  flood plain a reas south 

of Cambridge would remain ava ilable as sources of supply . The 

southern and southeastern a reas of Story County could we l l  be 

served from this water supply source . 
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1.2.5. Final Site 5 Conclusions 

Concluding statements a re as follows: 

1 .  •••••••••••••••• for a water pollution control 

p lant , a s  its location is reviewed •••••••••••• 

2. The surficial soil  profile at Site 5 consists o f  s ilts, c lays , 

and c layey sands to a depth o f  1 2  to 15  feet . This implies 

s low infiltration and good retention of  soil  moisture . I t  is 

estimated that movement of excess water downward to the under

lying Ames Buried Channel Aquifer is slow .  

3 .  The ground water movement is diagona l ly toward the river during 

normal and low f l ow periods. 

During drought periods 

the flow of ground water moves more directly down valley, but 

greatly reduced quantities of downward seepage from the flood 

plain or lateral seepage from the upland would occur during 

such pe riods . 

4 .  The ground water level s  at Cambridge a re greater than the river 

level during normal o r  low flow periods . The flow movement 

at the Cambridge plateau or terrace is toward the river, de

f lecting eastward any down va lley ground water movement . II1II 

'. . '" " � _., ,' , .' ,,--:; 

. '  . �. ' - '. . '  . . �" ,' . ;-' -
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5 .  Water quality i n  the buried channel aquifer i s  characteristic 

of surficial aquifers with considerable i ron and hardnes s  

components . 

There probably 

is a greater impact potentially from applications of agricul

tural chemica l s  on the flood plain areas adj acent to the com

munity . 

1 . 2 . 6 .  Other Alternative Sites 

Both the existing plant s i te and Site 4 were included in the city's 

final evaluation studies . A brief fiel d  inspection was made of thes e  

sites concerning hydrologic and ground water impact .  

1 .  The use of the existing plant site would parallel  the use of 

Site 5 .  Flood protection would be required for low-lying 

facilitie s . There is little available upland area remaining 

for new construction . Effluent would b e  discharged to the 

eas t ,  into the Skunk River .  

2 .  Land disposal of d igested s ludge at the present site could 

take place at one of two locations , or both could be utilized . 

One potential area is the flood plain area located west o f  

the Skunk Rive r ,  from U . S .  3 0  to 1-35 . The s econd potential 

area is located east of the Skunk River; this area is the 

agricultural land east and wes t  of 1-35 north of the 1-35 

Skunk River b ridge . This s econd area is a greater haul dis

tance from the present plant site , which would favor use o f  

the west area . However ,  the west area i s  located adjacent 

to residential a reas and many rura l residential  homes . 
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3 .  Site 4 is  an upland a rea ( S\ Sec 25; Sec 36) . The north p a rt 

of the a rea drains to the north . The southern 2/3  of the 

area , which is cons idered a s  the facility s ite, drains f rom 

the bowl-li ke depre s sional area southward to Walnut Cree k .  

The ground water table aquifer i n  this upland a rea, cons i s t ing 

of glacia l till  depos its , would cause ground water to move 

southwar d .  The ground water table would parallel the ground 

surface . Because of the underlying til l ,  no pollution poten

tial exists to the buried channel aquife r .  The ground water 

flow lines a re contained in the bowl- l i ke depression , so  no 

adverse effect upon the shallow or deep wel l s  of  the surrounding 

rural residential houses is  foreseen . 

1 . 3 .  Recommendations 

1 . 3 . 1 .  Site selection 

1. All three site s , as  eva luated , a re suitable s ites from the 

standpoint of potenti a l  impact on ground water and land 

suitab i l i ty for disposal of digested s ludge . S ite 5 remains 

the most is olated s ite , and land disposal would a ffect the 

least numbe r  of persons and housing units . The land disposal 

of digested s ludge would influence the fewest flood plain 

wells , providing the three farmsteads at S ite 5 a re acquired 

if this s ite is selected . 

Acquis ition of Site 5 should include a l l  three rural 
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residential  or farm res idences at the s ite t o  e l iminate any 

environmental and water - re lated impacts adj acent to the p lant 

and land disposal a rea s .  

2. One more costly a l ternative would be to continue the outfa ll 

five miles southward to a point about two miles south of 

Cambridge . However ,  cons ideration of this alte rnative site  

would necessarily include a regional s cope to  water qual ity 

control .  A regional plant could serve Ame s , Kelley,  Huxley,  

Camb ridge , and perhaps Nevada a l so . Consultant reports show 

this is not cost effective at this time , and the EPA and 

the Iowa DEQ have not requested further studie s . This a l ter

native should rece ive additional attention i f  Site 5 is  not 

selected . 

I f  Site 5 i s  s elected , the fol lowing additional recommenda tions 

should be cons idered: 

1 .  Construct a l l  facilities north of the east-west  county road 

located at Site 5. Provide flood protection at the s ite as  

outlined in this report .  

2. I f  additional land disposal a reas  can be made ava i lable 

through cooperative application contracts , then it i s  recom

mended that the a llowable amounts of digested s l udge be spread 

on flood plain lands nearest the river and lower amounts on 

lands near the bluf f .  

3 .  Make periodic observations of wel l  levels and wa ter qua l i ty 

paramete rs . 
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4 .  Conduct additional percolation tests o f  the surface soils . 

5. Consider adding an observation wel l  between OW-3 and the 

Skunk River .  This is  needed to confirm the initial conclus

ions regarding the effect o f  Walnut Creek on ground water 

levels at OW-3 . 

6 .  Begin to evaluate the wate r quality in the observation wel l s  

(OW-l to OW- 7 )  f o r  heavy meta ls and related constituents 

(found i n  the Ames s ludge ) which a re potential contaminants . 

7 .  Plan an effective monitoring program to measure the environ

mental impact of plant operation and land disposal of digested 

sludge . Quality sampling o f  river water will be as  important 

as other ground water observations . 

8 .  Maintain a communications linkage with the City of Cambridge , 

its City Council , wate r plant personne l ,  and other public  wo rks 

administrators to discuss plant design , construction , operation,  

and maintenance . Annual review meetings for  a 5- to lO-year 

period o r  longer a re reco�nended . 
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2 .  STUDY LOCATION AND S ITE PHYSICAL CHARACTERISTICS 

2 . 1 .  Project Location and Observation Network 

The s tudy area extends from the 1-35 bridge to the Iowa Highway 

2 1 0  cro ss ing o f  the Skunk River downstream o f  Cambridge . Geological 

data were obtained from test borings of the I owa Depa rtment o f  Transpor

tation (DOT) taken a long the 1 - 35 a lignment . I n  addition , seven test 

boreholes were d r i l le d  by the Layne-Western Company for the proj ect , 

with observation wel l s  (OW) being instal led in each . Split-spoon samples 

were taken a t  each test s ite , and a geological log establi shed for each.  

The location of the boreho les and observation wells  are shown in F i g . 1 .  

The observation well s  were test pumped , and samples were collected for 

hydrogeological and water quality analysis . Two test holes were d r i l led 

a long the east-we s t  county road at S ite 5 ,  whi le a third was drilled one 

mile south . The fourth wa s drilled j us t  north of Camb ridge , north of 

Ba llard Creek . The remaining three holes were drilled i n  Cambridge , one 

nea r  the church northwest of Hain Street , a second at the southwest corner 

of Cambridge west o f  the highway underpass , and a third east of town in 

the ball  park , on the east s ide of Ballard Creek .  

Pa rticle size analyses were made for samples obtained at OW- 1 and 

OW-2 at S i te 5 .  These a s s isted in es timating the aquifer permeabi l ity . 

Water leve l observations were made periodically during the February to 

Hay study period . All  observation wells have responded to increases  in 

river s tages of the Skunk River during the l ate �Iarch snow melt perio d .  

Observation well and stream s tage data were obtained and plotted . A 

p rel iminary analysi s  of ground water movement was made also , and flow nets 

were sketched . 
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SITE #5 

Fig . 1.  Location map showing Site #5, Cambridge, and the boreholes 
and Skunk River sample sites. 
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Data from p reviou s ly established observation wel l s  along I owa High-

way 210 were used a lso . (The ea rlier study data are included in this 

report ) . This east-wes t  series was drilled and observation we l l s  were 

established for the Ames Rese rvoir Environmental Study in the early 

1970 ' s .  

All seven new observation wel l s  and the s tream gaging sites were 

surveyed by the research team . The stream slope is about 3 . 2  feet per 

mile . Basic survey information is included in the appendices , a long with 

borehole data , stratigraphic analysis , and laboratory results of the 

water quality sampling program . 

2 . 2 .  Stream and Va lley Gradients 

Field instrument surveys were made from Site 5 to Cambridge to 

es tablish observa tion wel l  e levations and bridge elevations at three 

locations . Observations were then made of river levels in the Skunk 

River to determine the s lope of the water surface ( river gradient) in 

the s tudy reach . The data a re shown in Figure 2 .  A review was made 

also  of the river gradients p resented in a U . S .  Geological Survey 1975 

flood report (La ra and Heinitz , 197 6 ) . Thes e  results are tabulated i n  

Table 1 .  The gradient is decrea sing in the downstream direction , as 

norma l ly experienced . Through the study reach the gradient is 3 . 15 feet 

per mil e ,  a mild  stream s lope . This is less  than one-ha l f  the gradient 

upstream of Ames and reflects also  the change in valley width which 

occurs as the Skunk River enters the much large r ,  downstream val ley a t  

the confluence o f  Squaw Creek and the Skunk Rive r .  
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Table 1 .  River gradient o f  the Skunk River at Ame s , Iowa . 

Location 

Skunk River upstream o f  Ames 

Skunk River at Ames 
NE Gage to S o .  16th S t .  

Skunk River a t  Ames 
So . 16th S t .  to 1-35 

Skunk River in study reac h ,  
1 - 3 5  t o  Cambridge 

River 
l1ileage

a 

223-228 

2 19-223 

2 1 4 - 2 19 

a
Miles  above confluence with M i s s i s s ippi River 

River 
Gradient , 

feet per mile 

7 to 8 

4 . 9  to 5 . 0  

4 . 0  to 4 . 1  

3 . 1  to 3 . 2  
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The flood plain s lopes at the same rate in the study reach.  The 

distance between the 870 and 860 feet flood plain  contours is about 

three miles . The 850 foot contour c rosses the valley j us t  upstream o f  

Camb ridge . 

The land surface at S ite 5 undulates somewhat ,  but the higher e le

vations a re at Elevation 863± .  There i s  a gentle s l ope toward the 

rive r ,  with the land s loping from 862± feet at OW-1 to 85S± feet a t  

OW- 2 .  

2 . 3. Land Use and Drainage 

The flood plain o f  the Skunk Rive r i s  farmed intens ively . The 

river flows in a straightened channe l ,  which was constructed in the 

early 1900 ' s  to replace the former meandering channel and to drain the 

swampy flood plain . Timbered areas a long the old  meandered channel in 

the study a re a  have been c leared to improve farming operations and gain 

more farmland a creage . The main channel has deepened and widened 

through the years , so that the river overflows rather infrequently .  

The channel i s  beginning to  meander once again , pos ing p roblems a t  

several locations . The l a rgest flood o f  record occurred in 1975 ( s l ight

ly greater than a hundred-year  frequency flood) and caused widespread 

flooding o f  the valley . 

Levees have been constructed a long the river in many place s . 

The a re a  is  p rotected 

further by an upstream , right bank levee constructed as  part of the 
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Interstate 1-35 project . This levee was constructed from the 1-35 

bridge northwestward to the b luff and protects 1-35 from overflow 

during maj or flood events . A hundred-year frequency flood wil l  not 

overtop the levee protecting 1-35. 

Interior drainage behind this levee system at Site 5 must be con

sidered in site evaluation . All o f  the runoff from the tributary upland 

areas and surface runoff from the flood plain a reas must be a ccounted 

for in p lanning use of the site . The interior drainage a rea begins at 

the northwest point where the Iowa DOT levee meets the west valley bluff 

nea r the county road bridge upstream of the 1-35 bridge . A drainage 

channel and culvert del iver the drainage flow to the east side of 1-35 

at the b luff line . Interior drainage waters then flow in the old Skunk 

River channel to Site 5 and then southward to the Walnut Creek outlet 

ditch . During high flood s tages on the Skunk River ,  flood water can 

back up Walnut Creek and northward in the old channel .  
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3 .  GEOLOGY 

3 . 1 .  Geol ogic Setting 

Site 5 is l ocated on the west margin of the flood plain of the 

Skunk River in Section 5 ,  Township 82 North , Range 43 Wes t .  In  this 

secti on the Skunk River val ley ove r l ies a l a rger buried bedrock valley 

(Fi g .  3) filled with sands and gravel s  of Pleistocene age (Twenter and 

Coble , 1965 ; Kent, 1969;  Palmquist and Bible , 1974; Palmquist,  Bibl e ,  

and Sendlei n ,  1974) .  The buried valley has a n  estimated width of five 

miles and a depth of 100 feet . I n  contras t ,  the modern valley of the 

Skunk River i s  two miles wide and 100 feet deep . The age of the buried 

valley is  unknown , but it may be p re-Kansas (Palmquist,  B ible , and 

Sendlein , 1974) .  The last  glacial  event was the advance of the Cary 

age glacie r ,  some 1 4 , 000 years ago (Ruhe , 1969),  with its subsequent 

melting by 1 3 , 500 yea rs ago (Wa l ke r ,  1966).  Degla ciation was probably 

by ice stagnation as indicated by numerous minor moraines on the upl ands 

(Palmquist  and Conne r ,  1978;  Fos te r ,  1969; Bohlke n ,  1980). During e a ch 

deglaciation the Skunk River valley a cted as  a mel twater channel and 

received another increment of sand and gravel (Sendlein and Douga l ,  

1968; Palmquist,  Bible, and Sendl e i n ,  1974).  These deposits formed the 

sand , grave l ,  and til l  body known locally as the Ames Aquifer (Backsen , 

1 9 63 ; Schoe l l , 1967 ; Sendlein and Dougal ,  1 968) or more generally as  

the Ames Buried Channel Aquifer (Twenter and Cob l e ,  1965).  Subsequent 

to deglaciation , the Skunk River deposited additiona l sediments and 

widened its meltwater va lley . 

The buried Skunk River val l ey is eroded into rocks of Pennsylvanian 

age (Twenter and Coble , 1 965 ; Kent, 1969).  I n  the Ames -Cambridge area 
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I . , -�- . .  

Fig. 3 .  The Skunk River buried valley with the floodplain of the 
Skunk River superimposed (from Twenter and Coble, 1965). 
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these strata belong to the Lower Cherokee Group and a re composed of 

s andstones and shales (Zimmerman ,  1952) . These rock units have a low 

permeability and form a barrier preventing the upper bedrock aquifer 

(Twenter and Coble , 1965 ) from dis charging ground water into the sands 

and gravels of the Ames Aquifer .  

Previous studies indicate that the Skunk River is  a maj or ground 

water discharge zone . Kent ( 1969)  demonstrated that the river i s  a 

discharge zone on a regional basis . On a more local leve l , Palmquist 

and Sendlein ( 19 7 5 )  demonstrated it for Ames . 

3 . 2 .  Alluvial Stratigraphy 

The general stratigraphy of the regol ith in the buried val ley i s  

sands and gravels , capped by a silty alluvium , which becomes more grav

e l ly with depth (Sendlein and Douga l ,  1968 ; Schoe l l , 1967 ) . The regol

ithic s tratigraphy between S ite 5 and the city of Cambridge was invest

igated by a series of boreho les (Fig.  1)  which a re described in detai l  

i n  the Appendices . 

The two boreholes a t  S ite 5 (OW-1 and OW-2)  indicate that 1 2  to 2 4  

feet o f  clay , s i l t ,  clayey sand , and fine sand cap the aquifer (Fig . 

4 . ) .  This fine-grained layer p robably represents the alluvium deposited 

by the modern Skunk Rive r .  Beneath the fine-grained a l luvium a re 34 to 

65 feet of sand and sand with gravel which constitute the Buried Channel 

Aquife r .  Beneath the sands a re either t i l l  o r  s hale . The boreholes 

confirm that 
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Boreholes OW-3 and OW-4 a re located on the flood plain between S ite 

5 and the c i ty of Cambridge . They have the s ame general stratigraphy 

as  the borehole at Site 5 .  A surface layer o f  recent alluvium composed 

of 20 feet of clay , fine sand , and s ilty clay overlies 45 to 63 feet of 

sand , s and with grave l ,  and grave l .  The sands and gravels constitute 

the buried channel aquife r .  The boreholes bottom i n  t i l l . 

The three boreholes (OW-5 , OW- 6 ,  and OW- 7 )  drilled around the 

city of Cambridge have a d ifferent stratigraphy (Fig . 5 ) . They show 

a surficial layer 27 to 53 feet thick composed of interbedded til l ,  

clay , sand , and sand and grave l .  Beneath the s urficial layer i s  43 to 

53 feet of s and , sand and grave l ,  and gravel . The boreholes bottom in 

till . The surface layer i s  interpreted to represent an i ce contact 

complex of meltwater deposited sands interbedded with tills  which flowed 

or s l id off the mel ting glacier into a dj a cent channels .  They are de fin-

itely not of an a lluvial origin . The underlying s ands and gravels are 

part of the buried channel aquife r .  

-

I " , _ �. _ ." r-. , ,':. _." �. � �,,_ . � I , r __ , V'. � � _ ,'. ' _ •. 

3 . 2 . 1 .  Ground Water Geology 

As a l ready 

pointed out , p revious studies have shown that ground water dis charges into 
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the Skunk River and is  derived from local p recipitation on the land s ur

faces (Kent , 1969) . Thi s  means that the ground water flowing through the 

buried channel aquifer is derived from both vertical infiltration through 

the s ilty a lluvium overlying the aquifer and from horizontal inflow o f  

ground water which has infiltrated through the tills  of  the uplands . The 

third source of recharge is the bank seepage occurring during river s tage 

increases as  a f lood wave passes through the study reach .  The exact 

contribution of each source is difficult to determine , but it may be 

e stimated . 

To the west of the Site 5-Cambridge a rea , the upland lying between 

the Skunk River valley and the ground water d ivide covers about 33 square 

miles . The flood plain a rea overlying the aquifer to the west o f  the 

Skunk River in this reach is 3 . 5  square miles . Although the upland area 

is  almost ten times l a rger ,  some of the ground water flow moves to local 

t ributaries and is discharged as base flow to the Skunk Rive r .  I n  ad

diton, the permeabi lity of the upland tills  is much less than of the 

a lluvial s o i l s  and underlying s ands (perhaps less than 1 to 10 percent ) . 

This imp l i e s  that , , .: . ,' , � .... : �' '" � .+ - � .  . • (,: __ " I. ' 

.' ',,, , � �-.--- !(' " ::: J • " ._ . • j' :-;:u ,.., -... - , : t' -.:, � � _ . ( ... I�· · � � .'t-

- > ', • • .• - - - ",� - �. r .�, .. _ )". f '. "  

3 . 3 .  Downstream of Cambridge 

A reconnais sance geological and geophysical investigation was con

ducted south of Cambridge in the Skunk River valley in 1970 and 197 1 

(Dougal et a l . , 197 1 ) . The geological cross section was taken a long I owa 

H ighway 2 1 0 .  This investigation was made during the period when the 
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U . S .  Army Corps of Enginee rs was planning for the Ames Reservoir (Douga l 

et a l . ,  1 97 1 ) . Six test boreholes were d r i l led a long this al ignment to 

ascertain the l ithologic cha racteristics of the Pleistocene glacial 

drift and the depth to bedrock . A seismic refraction survey a l s o  was 

conducted . 

Results , a s  shown in F i g . 6 ,  i llustrate the nature o f  the glacial  

depos i ts in the old  bedrock channel .  The Ames Buried Channel Aqu i fer 

rests on an old  till  deposit  overlying the bedrock . At this location 

the aquifer consists o f  6 0  feet of fine , medium , and coarse sands , but 

l ittle grave l .  An interfingering relationship is inferred along the 

eastern and western margins of the aqui fe r .  The modern alluvium repre

sents the upper 20 feet of the aquife r .  The surficial , buried channel 

aqui fer and a l luvial formations at Cambridge , in genera l ,  are s imilar 

to the Squaw Creek sys tem at Ames . 

Observation wel ls were developed at the six borehole sites at the 

Highway 2 1 0  s ite , and observations were made over a 2-year period . 

These data can be used in interpreting the hydrologic impacts at S ite 5 

north o f  Cambridge . 



-' 

LEGEND 
6 S E I SM I C  STATIONS 

W 400 
1TEST HOLES #1 -6 

1 000 1 200 PERMEAB I L I TY ESTIMATE 
I S E I SMIC  BEDROCK LOCATION RANGE 

MODERN 
� 900 9 WE ALLUV I UM 

. 
z: o 
-l-
e( 

7 WE 
t6 ... 8 EW 

S KUNK RI VER CHANNEL J WE 6 �  W' 4 �  ,5 7 Eli 14 13 t2 � EW � l  

., 1 200 1 200 � 

2 WE 
J � 

G:i 800 c::: GLACIAL TI LL 

400 1 100 780 --3����200;O�t-=:;;;2�: 1 �OO 1 500 2400 3200 2ZS0 
800 I _ 

( RECENT) 

700 

1450 SAND & GRAVEL 
GLACIAL TILL 

(AGE ? )  

B EDROCK 

Fig . 6 .  Cross section a t  Cambridge, Iowa No . 2 1 0  

1 WE 
2 Ell 

GLACIAL TI  LL 
( RECENT) 

E 
1 000 

800 

700 

w 
w 





35 

4 . GROUND WATER �IOVE�IENT 

4 . 1 .  Ground Water and Surface Water Elevations 

Water level observations were obtained at the seven wells insta l led 

for this study and of the three Skunk River stations in the study 

reach.  (Data a re listed in the Appendices ; the results a re shown in 

Fig . 7 . )  All observation wells have responded to increases in river 

s tages of the Skunk River during the snowmelt period of late �Ia rch , 

1980 . This indicates the observation wel l s  a re responding satisfa ctorily 

and also that the river does have an interconnection with the Ames 

Buried Channel Aquifer .  

The level of the ground water in the seven observation wells and 

the water level s  at the three Skunk River stations provide the data for 

interpretation of ground water flow patterns in the study area . The 

data were plotted on a map of the a rea , and piezometric contours and 

flow lines were s ketched . 

4 . 2 .  Regiona l Ground Water Regimen 

(T. Jj �t(..tlif· l J. 'I 1.i\Jiljl.-,J c'l 'P1 �\J \J � ( .,./, '/.' :r, 1 4 " "1 1.�1 l� -e"v �f,"JIJ !l j  �l 
.. '. I • _ � ', � : '_' •• ,,' • • •  in the study area 

must be considered .  These a re '" the location and extent of the 

ground water recharge a rea , and �the direction of ground water flow . 

As a l ready pointed out , previous basin studies have shown that ground 

water dis charges into the Skunk River and recharge is derived from 

local precip itation on the uplands (Kent , 1969)  and on the flood plains . 

This means that the 

"liil�"II""IIII"""1I1 vertical infiltration through the silty 

a l luvium overlying the aquifer and from horizontal inflow of ground 
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water which has infiltrated s l owly through the tills  of  the uplands . __ 
WiBl"�II�1 i s  the Skunk Rive r .  Extensive mathematical modeling i s  

necessary i f  the exact contribution of each source is  to b e  determined . 

When the ground water levels decline below the level of the water in 

the rive r ,  then the river may serve also  as  a recharge source . Rivers 

additiona l ly serve as a source of recharge during flood periods . As 

the stream rises in stage , the ground water levels also rise , but lag 

behind the streamflow by hours or days . The ground water levels near 

the Skunk River usually respond in magnitude to a 50 percent value of 

the river flood stage (Sendlein and Dougal ,  1968 ; Dougal et a 1 .  , . 1 9 7 1 ) .  

In  other words , a river rise of eight feet would result in the ground 

water level increasing by four feet close to the rive r .  Once the flood 

stages fall , the ground water levels begin to decline also . 

The upland influence on ground water flows in the valley depends 

on the s ize of the ground water drainage a rea contributing to the 

aquife r ,  the permeability of the upland materials , the s ize of the 

tributary s tream network ,  and the amount o f  p recipitation received each 

yea r .  The drainage area lying west of the study area is  about 32 . 5  

square mi le s , and the flood plain a rea i s  3 . 5  square miles in the study 

reach . Because the upland glacial till  is  much less permeable than the 

va l ley a lluvial sediments , and the tributary streams ( i . e . , Walnut 

Creek) intercept some of the regional ground water flow , 1:'" ". < ... .: 

Streamflow i s  

the nearest source of recharge , particularly during flood periods . The 

excess water infiltrating the flood plain soil  profile a l so moves 
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downward to the buried channel aquife r .  The amount reaching the aquifer 

will depend on the infiltration capability at the surface and the soil  

moi sture retention capacity . 

4 . 3 .  Ground Water Flow Patterns 

The ground water flow directions must be evaluated over both the 

long- and short-term .  The long-term includes periodic drought effects . 

As a lready demonstrated , the long-term annual flow of ground water is  

from the uplands toward the rive r .  I n  unconfined aquifers the flow d i 

rections can be inferred from the contours on the water table . Because 

the water table oftentimes mimics the topographic contours ,
. 

the flow 

directions can be approximated in a general way from the surface topo

graphy ; the ground water flow wil l  be perpendicular to the topograhic 

contour l ines . 

': " . �- :�, " J., .� . � . 

The short-term ground water flow regime n ,  during either normal or 

low flow pe riods , can be determined from measurements of water table 

elevations in the boreholes and from measurements of the surface water 

elevations in the Skunk Rive r .  The contour map o f  the water table a s  

derived from the water elevations mea sured o n  Apr i l  7 ,  198 0 ,  indicates 

ground water flow from west to east into the Skunk River .  This i s  pre

sented in Fig. 8 .  



3 9  

Ground water table map and hypothesized flow directions a s  
reconstructed f rom water levels measured on 4-7-80.  
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Another aspect of the potential contamination of the aquifer i s  

the depth of penetration of the contaminated water into the aquif e r .  

Numerous studies have shown that the depth of penetration of contaminants 

into an aquifer is controlled by the local relief and distance from the 

discharge zone (Sendlein and Palmquis t ,  1 9 7 5 ) . Given the low rel i e f  of 

the flood plain and the basic data collec ted at S ite 5 ,  the hydraulic 

gradient i s  low and the ground water flow to the river wil l  essentially 

be parallel to the flood plain surface (see Fig .  9 ) . Analys is of  the 

flow regimen in Fig . 8 suggests that 

�. ,''I- , , �." !,.; .... }'-J:�. \" .. 

which i s  

located on the flood plain to the north of Site 5 ,  bear o n  both . the 

long-and short-term flow d i rections . A s e ries of monitoring wel l s  were 

emp laced around the Ames disposal s ite , and water samples were collected 

.for the years 1972  to 1974  (Packenpaugh , 1 97 3 ; Stephens , 1 9 74 ; Palmquist 

and Sendlein , 1 9 75 ) . The short-term ground water flow , as  i ndicate d  by 

water table measurements ,  i s  diagonally into the river so that the 

ground water passing under the disposal s ite is dis charged into the 

river within one-half mile downstream (Fig . 1 0 ) . However ,  
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SAMPLE POI NTS 
X WELL 
o WELL NEST 

SURFACE WATER 
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- HATER TABLE ELEV . 

Fig .  1 0 .  Ground water f low d irec t ions and water table elevations for 
the years 1 9 7 2 -1974 for the Ames Aqu ifer in the v icinity of 
the Ames Disposal S ite (after Palmquist and Sendlein ,  1975) . 
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'�r ' I" :,. • of the contaminants in the ground water indicated a long-term 

down va lley flow parallel to the Skunk River (Fig . 1 1 ) . This study 

confirms the conclus ion of the short-term ground water study at Site 5 

but warns that in the long-term , particularly during drought events 

lasting several years , the ground water flow may have a stronger down 

valley component . 

The results of the ground water study can thus be summa rized . The 

short-term data (normal and low flow periods) indicate that contamination 

of the Cambridge water supply by a ctivities at Site 5 is unlikely . The 

longer-term data suggest ,  during drought periods , that ground water 

flowing beneath Site 5 may continue down-valley and pos s ibly pass  into 

the withdrawal a rea of the Cambridge well field .  However ,  l ittle per

colation through the flood plain soil profile will occur during these 

drought events . 

I n  summa ry ,  the analysi s  of the ground water flow at Site 5 indi

cates that potential for contamination is  sma l l , because of the dilution 

e ffects and the good soil  moi s ture retention expected from the soil . 

Any contamination which might occur can be minimized by placing s ludge 

on the flood plain a reas nearest the river and minimizing the amounts 

. � '.' 
'-:. . .' ! '", � ..:.' 

4 . 4 .  Short-term Flood Impact 

Floods aid in recharging a lluvial aquifers . The ground water level 

observations obtained at I owa Highway 2 1 0  i l lustrate this (Dougal et a l . , 

1 97 1 ;  Dougal and Duek e r ,  1 9 7 3 ) . Variations observed in ground water 
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leve l s  during flood periods and subsequent low-water periods a're shown 

in Figs . 12 and 1 3 .  

The ground water profiles shown i n  Fig . 1 2  illustrate the rise in 

ground water levels during short-term wet periods when the river rose to 

bank- full stage and precipitation was above norma l . The p rofiles shown 

in F i g .  13 illustrate the relationships between surface water levels in 

the s tream and ground water levels in the aquifer during the passage o f  

a flood wave . The highest base flows in a stream a re believed to be 

derived from this exhaustion of the short-term bank storage of flood 

waters which seeped into the a lluvial formation . 

4 . 5 .  Summary of Aquifer-River Relationships 

The Skunk River serve s ,  therefore , a s  the discharge s ink for the 

basin,  so that ...... IIIIIIIIII .. I1I1I1I1I1I1I1 .. IIII .. 1I1I1I1I1I1I11J 
During flood periods the piezometric surface rises 

a c ross the flood plain .  During maj or overbank flooding periods , the en

tire a lluvial depth can become saturate d .  However ,  the sand formations 

in the river bed and in the alluvium p revent movement of particulate 

matte r ,  including bacteria . 

The s low response of ground water wells  to 

increases in river stages results in a maximum ground water response 

after the flood crest passes . Therea fter , the ground water levels de

cline and the aquifer discharges seepage flow to the river from the 

three sourc'es---flood derived bank storage , infiltration and percolation 

through the flood plain soil profi le , and seepage flow from the uplands . 
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4 . 6 .  Ground Water Qua lity 

Water qual i ty samples were obtained from each observation well , 

OW- 1 to OW-7 . Analyses were made at the Ana lytical Services Laboratory , 

Engineering Resea rch Institute . The results a re listed in Table 2 .  

Also listed i s  a raw water sample a t  the City o f  Ames well fiel d ,  ana

lyzed by the Iowa DEQ for EPA compl iance . These data show that the 

water quality in the study area is very s imilar to that observed at Ame s . 

I ron removal and softening · a re the key requisites to conditioning this 

raw water into a potable water satisfactory to Ames consumers . 

No data were taken on heavy metals or other toxic e lements . These 

tests a re very expensive and time- consuming . Background values a t  Ames 

( 1 9 7 7 )  a re below drinking water l imits estab lished by the federal EPA . 

Typical values obtained at Ames ( 1 9 7 7  test) wer e :  Barium , 0 . 4  mg/ 1 ;  

Arsenic , Cadmium , Chromium , Copper ,  Lead , Selenium , S ilver and Zinc , 

a l l  less than 0 . 0 1  mg/ 1 ;  and Mercury , less than 0 . 00 1  mg/ 1 .  

, 



Tabl e  2 .  Wate r quality data for the seven observation wells  and for the city o f  Ames 

Parameter 
Water qual i ty leve l s , in mg/ l unl e s s  noted 

OW- 1 OW-2 OW-3 OW-4 OW-5 OW-6 OW-7 City of Ames 
( raw water) 

Conductivity 846 745 732 879  869 754 803 7 7 0  (1-1  mhos / cm) 

pH (pH units)  7 . 9  7 . 9  8 . 0  8 . 0  8 . 0  7 . 9  7 . 9  7 . 1  

Sol I ron 0 . 06 0 . 03 0 . 05 LTO . 03 LTO . 03 LTO . 03 LTO . 03 .,.. 
>0 

Tot I ron 1 3 . 0  5 . 7  3 . 92 1 .  26 5 . 2  6 . 4  7 . 1  6 . 8  

Silicia  25 . 7  2 7 . 7  19 . 8  1 1 .  1 24 . 9  2 1 . 4  24 . 6  2 7  

Sus Solids 1 13 39 64 1 06 1 2 7  1 32 9 9  

Tot Solids 674 547 547 660 688 59 1 637  5 1 9  

Hardne s s ( c a )  277  252  232  1 9 0  259 226 252 

Hardness-Tot 426 379 358 320 405 364 382 4 1 4  

Phenol Alka l i nity 0 0 0 0 0 0 0 0 

Tot Alkal inity 349 3 1 2  289 288 277 296 3 1 5  286 

Tot Potas s i um 4 . 4  1 . 4  1 . 3  3 . 0  2 . 4  1 . 8  1 . 7  3 . 6  

Tot Calcium 143 120 107  103  120  108  1 2 1  100 



Table 2 .  Continued 

Pa rameter 

Water qual i ty levels , in mg/ l unless  noted 

Tot Magnesium 

Tot Manganese 

NO -NO -N 3 2 
F

--:' 

Chl o ride 

* 

OW- l OW-2 

38 . 9  35 . 8  

0 . 4 1  0 . 16 

0 . 32 0 . 08 

0 . 1 1 0 . 23 

3 1  1 2 . 7  

F a ctivity , not total fluo ride 

OW-3 OW-4 OW-5 OW-6 

32 . 8  33 . 5  3 6 . 5  33 . 0  

0 . 22 0 . 24 0 . 5 7 0 . 47 

0 . 18 2 . 1 4 0 . 1 0 0 . 1 1  

0 . 23 0 . 3 1 0 . 18 0 . 14 

22 5 7  55 1 4  

OW-7 

34 . 8  

0 . 5 1  

0 . 09 

0 . 1 7 

24 

City of Ames 

( raw water) 

35 

0 . 22 

O . l± 

0 . 3  

27 

<..n 
0 
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5 .  FLOOD IMPACT 

5 . 1 .  Background Information 

Site 5 is located on the flood plain of the Skunk Rive r .  General  

topographic features and  levee and drainage data were discussed in an 

earlier section of this report . The facility s ite is  located in an 

a rea near the b luff which i s  at a higher e levation (Elevation 862 to 

863) than the lowest a reas of the flood plain (Elevation 858±) . The 

old channel of the river meanders through the farmland and i s  at the 

wes t  b luff a t  S ite 5 .  

5 . 2 .  Flood History 

The flood of record occurred in June 1975 , with a peak discharge 

of 1 4 , 700 cubic feet per second ( c f s )  at the South Sixteenth Street 

gaging station . A detailed report , which was prepared by the U . S .  

Geological Survey (Lara and Heinitz , 1 9 7 6 ) , is  available . The magnitude 

and frequency of floods on the Squaw Creek and the Skunk River at Ames 

a re included in the repor t .  The flood profile data extend downstream 

to the 1-35 bridge , j ust upstream of Site 5 .  

5 . 3 .  Analys i s  for Site 5 

The results obtained at Ames were reviewed , and those data appli-

cable to Site 5 were used to  make 

. . . , .' .... ". t • ... - Appropriate hydrologic adjustments were made for the 

change in drainage a rea and s tream s lope from Ames to Site 5 .  A square 
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root relationship of dra inage a reas and stream s lopes "'as used to 

increase the magnitude and stage of floods a t  Site 5 and in trans lating 

stagedischarge relationships a t  Ames to Site 5 .  The results a re l isted 

in 

Additional flood stage data 

for the 1975 flood could be obtained from the county , the State , U . S . G . S . , 

and the U . S .  Army Corps of Engineers . The results l is ted above conform 

to photos and other observation data p rovided at the public  hearings . 

The 1975 flood was s lightly greater than the one hundred yea r 

flood discharge magnitude . Therefore , it can serve as  the flood r i s k  

criteria at Site 5 to meet state , Iowa Natural Resources Council ( INRC ) , 
and Federal Emergency Management Agency (FEMA) regulatory requirements .  

a t  S i te 5 must b e  protected against f looding . The most 

cost effective method is to e l evate and flood proof the plant site and 

the bui l d ings and units cons tructed at the s ite . High damage facil ities 

or those with greatest impact on operating schedules ,  such as  the 

administration and laboratory facil ities , can be p laced in the b luff 

area wes t  of the old channel and north of the east-west county road at 

Site 5 .  

The land a reas  to be used for disposal of digested s ludge can be 

protected by levees . Continuing use of the exis ting agricultural 
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Flood magnitudes , frequencies , and stages at Site 5 .  

Stage for 
E stimated Estimated Peak Dis charge 

Peak Dis cha rge Peak Discharge in feet 
Recurrence at Ames , at  Site 5 ,  Mean Sea Level 

Interval cfs  cfs  at Site 5 

2-year 4 , 750 4 , 900 860-86 1  

5-year 7 , 370 7 , 600 862-863 

10-year 9 , 050 9 , 300 863-864 

25-year 1 1  , 000 1 1 , 300 864-864 . 5  

50-year 1 2 , 500 1 2 , 800 865-865 . 5  

100-year 1 3 , 800 1 4 , 1 60 866-867 

...... lIor a need for levee relocation and reconstruction will have to 

be evaluated and coordinated with the Iowa Natural Resources Counc i l . 

Interior drainage and protection from backup of high river stages 

through the Walnut C reek drainage outlet wil l  have to be included in 





55 

6 .  ACKNOWLEDG�lliNTS 

The ground water studies for the Ames -Cambridge reach of the Skunk 

River were conducted at the request of the c i ty of Ames . Because Iowa 

State Unive rsity contributes a substanti a l  percentage of the wa s te water 

flow to the municipal Water Pollut ion Control Plant , it  also is involved 

in the improvements required for water pol lution contro l .  The s tudy was 

conducted through the support fac i lities of the Engineering Research 

Institute , College of Engineering . Additiona l support and coordination 

were provided by the Depa rtment o f  C ivil Engineering , the Iowa State Water 

Resources Research Institute , and its federal  counterpart , the Office of 

Water Resea rch and Technology (OWRT) , U . S .  Dep t .  o f  I nterio r .  Seve ra l 

state and federal agencies contributed data for the study , including the 

Iowa Department of Transportation,  I owa Na tural Resources Counci l ,  Iowa 

Department o f  Environmental Qual ity , the U . S .  Geological Survey , and the 

U . S .  Army Corps of Engineers , (Rock I s land District ) . 

Field investigations were carried out by three graduate research 

a s s i s tant s ,  Bryant Berg and Vern Schaefer in Civil Engineering and Bruce 

Bohlken in E arth Sciences . The i r  d i l igent e fforts , including wintertime 

surveys , are much appreciated . The field test borehole drilling and 

s ieve analyses were perfo rmed by the Layne-Western Company , Ames , Iowa . 

Their a ttention and cons is tent e f forts to p roduce the requested results 

during the wintertime drill ing operation also a re much appreciated and 

the i r  advisory services a cknowledged . The Story County Engineer ' s  Office 

gave approval for the drill  sites along county roads . 



5 6  

The support o f  the ground water resea rch p rogram by the C i ty Council,  

City o f  Ames , over the 1964 to 1 980 period i s  also a cknowledged .  Coordina

tion with the City o f  Ames was a ccomp lished through the efforts of Tom 

Neuman , Ass istant Di recto r ,  and Dr . Harris Seide l , Di recto r ,  of the Ames 

lVater and lVastewater Treatment Fac i lities . The coope ration o f  the City 

Coun c i l  at Cambridge , through the mayor and coun c i l  members , i s  a ls o  

a cknowledged . Permi s s ion was granted to d r i ll and insta l l  observation 

wells 01.-5 ,  01V- 6 , and 01V-7 in the city .  

The assi stance of Mrs . Emmy Eppe rson in typ ing the p rogress reports , 

hea ring documents , and the advance copy o f  the fina l  report is  grate 

ful ly appreciated and acknowledged . The amount o f  material  included i n  

thi s  report reflects o n  the importance o f  the subj ect and the comp lexities 

of  the real world today . 

Because o f  the multiple sources o f  data and the input from the four 

faculty inves tigators , the edito r  a s sumes full respons ibili ty for tech

nical and editorial  changes nece s s a ry to comp lete this report. The op

p ortunity to share views among the p a rticipants has a ided a l l  in gaining 

a better understanding of the occurrence , distribution , and movement of 

surface and ground waters in the Skunk Rive r basin .  



5 7  

7 .  REFERENCES 

Backsen , L .  B . , 1963 , Geohydrology of the aqui fer supplying Ame s , I owa . 
Unpub l ished H .  S .  the s i s , I owa State University ,  Ame s . 

Bohlken , B .  A . , 1980 , Di s tribution and interpretati on of Late Wi sconsinan 
glacial landforms and ma teria l s  in Boone County , I owa . Unpub l i shed 
�I . S .  thes i s ,  I owa State University ,  Ames . 

Douga l ,  H .  D. , L . V . A .  Send l e i n ,  R .  L .  Johnson ,  and H .  S .  Akhavi , 197 1 ,  
Ground water and surface water relationships for the Skunk Rive r 
at Ames , I owa . Engineering Research Insti tute Resea rch Report , 
I owa State University , Ames . 

Dougal , �1 . D . , and K .  L .  Dueker ,  edi tors , 197 3 ,  Summary Report and 
Appendix 5 ,  Ames Reservoi r Envi ronmenta l Study , I SWRR I -60 , 
I owa State University , Ames . 

Foster , D .  F . , 1969 , Glacial  morphology of the Cary age deposits in a 
portion of Central I owa . Unpubli shed H . S .  thes is , I owa State 
Unive rs ity , funes .  

Kent , D .  C . , 1969 , A preliminary hydrogeol ogic  investigation of the 
upper Skunk River basin . Unpub li shed Ph . D .  thes i s , I owa State 
University , Ame s . 

La ra , O .  G . , and A .  J .  Heinitz , 19 76 , F l ood of June 27 , 1975 in City 
of Ame s , I owa . Open File  Repor t ,  U . S .  Geological Survey , I owa 
City , I owa . 

Plamquis t ,  R .  G . , and G .  Bib l e ,  1974 , Bedrock topography beneath the 
Des Hoines lobe drift sheet , N-C I owa . Proc . I owa Acad . Sci . 
V .  8 1 ,  p .  164- 170 . 

Palmquis t ,  R .  C . , G .  Bible , and L .  V .  A .  Sendlein ,  1974 , Geometry of 
the Pleistocene Rock Bodies and e ros i onal surfaces around Ames , 
I owa . Proc . I owa Acad . Sci . ,  V .  8 1 , p .  1 7 1 - 1 75 . 

Palmquist , R .  C . , and K .  Connor , 1978 , Glacial landforms : Des �loines 
lobe drift sheet , I owa . Ann . Ass . Am . Geog . , V .  68 , p .  166- 1 7 8 .  

Palmqui s t ,  R .  C .  and L .  V .  A .  Send l e i n ,  19 7 5 ,  The configurat ion o f  con
tamination enclaves from refuse disposal s ites of f l oodplains . 
Ground Water ,  V .  13 , p .  167 - 18 1 .  

Pac kenpaugh , J .  �I . ,  1973 , Alluvia l ground water qua lity a lteration as  
related to sol id waste dispos a l  s ites in I owa . Unpubl i shed �1 . S .  
thesi s ,  IO\\la State University , Ames . 



58 

Ruhe , R .  V . , 1969 , Quaternary Lands capes in I owa . Iowa State University 
Press , Ames . 

Schoe l l , J .  D . , 1967 , The hydrology of the Skunk River regolith aquifer 
supplying fune s , Iowa . Unpub li shed M . S .  thes i s ,  I owa State Unive rsity ,  
Mes . 

Sendlein , L . V . A . , and M .  D .  Douga l ,  1968 , Geology and hydrogeology s tudy-
Mes reservoi r  si te , Skunk Rive r ,  Iowa . Pa rts I and I I .  Engineering 
Research Institute , Iowa State University,  Mes .  

Sendle i n , L . V . A . , and R .  C .  Palmqui st , 1975 , 
model for solid waste landfill s iting . 
260-268 . 

A topographic-hydrologic 
Ground Wate r ,  V.  1 3 ,  p .  

Stephens , M .  
induced 
pla ins . 

R . , 1 9 7 4 , The shape of  ground water contamination zones 
by solid waste d i sposal s i tes located on al luvial flood 

Unpublished M . S .  thesis , I owa State Unive rsity ,  Mes . 

Twente r ,  F .  R . , and R .  W .  Coble , 1965 , The water story in central Iowa . 
I owa Geological Survey Water Atlas # 1 .  

IYa lke r ,  P .  H . , 1966 , Postgla c i a l  environments i n  relation to landscape 
and soils on the Cary Dri f t ,  Iowa . Res . Bul l . 549 , Agri cultura l 
& Home Economics Experiment Sta tion , Iowa Sta te Univers ity , Mes .  

Z immerma n ,  H .  E . , 1 9 5 2 ,  Bedrock geology o f  western Story County , I owa . 
Unpublished M . S .  thes i s ,  Iowa State University ,  Mes . 



59 

8 .  APPENDICES 

Appendix A .  Cambridge Ground Water Summary 

Appendix B .  Study of Grain Size Distribution , OW- l and OW-2 

Appendix C .  Borehole Stratigraphic Data , Boreholes OW- l through OW-7 
and City of Cambridge 



60 

APPENDIX A 

Cambridge Ground Water Summary 

Ground Water Elevations 

Date OW-l OW-2 OW-3 OW-4 OW-5 OW-6 OW-7 

2 - 1 4-80 85 1 .  9 85 1 . 2  850 . 8  845 . 8  842 . 2  
2-20-80 85 1 . 8  85 1 . 2  850 . 7  845 . 8  842 . 1  8 40 . 6  839 . 9  
2-29-80 851 . 8  851 . 3  850 . 6  845 . 8  842 . 2  840 . 5  840 . 3  
3-6-80 85 1 .  9 85 1 . 4  850 . 6  845 . 8  842 . 3  840 . 7  8 40 . 4  
3 - 1 3-80 852 . 2  85 1 . 8  850 . 9  846 . 2  8 42 . 8  841 . 0  8 40 . 8  
3- 19-80 852 . 6  852 . 2  85 1 . 2  846 . 6  843 . 2  841 . 5  8 41 . 3  
3-26-80 852 . 3  85 1 .  7 850 . 9  846 . 2  842 . 6  841 . 1 8 40 . 7  
4-4-80 85 2 . 4  852 . 0  85 1 . 0  846 . 0  842 . 7  841 . 0 841 . 0  
4-7-80 852 . 7  852 . 3  85 1 . 3  846 . 2  842 . 9  841 . 3  8 4 1 . 2  

Ground Elevations 

OW- l OW-2 OW-3 OW-4 OW-5 OW-6 OW-7 

862 . 0  858 . 4  858 . 4  854 . 4  863 . 9  868 . 1  847 . 9  

Surface Water Elevations 

Ballard Creek 
Bal l a rd Creek East  of 

Date Skunk 1* Skunk 2" Skunk 

2- 14-80 850 . 0  846 . 6  
2-20-80 849 . 9  846 . 6  
2-29-80 850 . 1  846 . 8  
3-6-80 850 . 3  846 . 8  
3-13-80 850 . 8  847 . 1  
3-19-80 85 1 . 4  847 . 8  
3-26-80 850 . 6  847 . 2  838 . 4  
4-4-80 85 1 . 8  848 . 2  840 . 6  
4-7-80 85 1 . 4  847 . 9  8 40 . 2  

Indicates no data collected . 

* Skunk 1 - East  o f  OW- l and OW-2 
Skunk 2 - East  of OW-3 
Skunk 3 - East  o f  OW-7 

3* at OW-4 Cambridge 

85 1 . 0 844 . 0  
850 . 9  843 . 9  
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APPENDIX A Continued 

Site Locations 

Site Distance 

OW- 1 to OW-2 1 , 950 ' 
OW- 1 to Skunk 1 3 , 250 ' 
OW- 1 to OW-3 6 , 250 ' 
OW-2 to Skunk 1 1 , 300 ' 
OW-2 to OW-3 5 , 450 ' 
Skunk 1 to Skunk 2 6 , 100 '  
OW-3 to OW-4 1 0 , 200 ' 
OW-4 to OW-5 3 , 20 0 '  
OW-5 to OW-6 2 , 550 ' 
OW-5 to OW-7 2 , 100 ' 
Skunk 2 to Skunk 3 1 2 , 70 0 '  

Distances s ca led from Huxley , Iowa Quadrangle 
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Depth Below 
Surface, Feet 

From To 

0 3 . 0  

3 . 0  9 . 0  

9 . 0  10 . 0  

1 0 . 0  12 . 0  

1 2 . 0  24 . 8  

24 . 8  32 . 0  

32 . 0  52 . 0  

5 2 . 0  58 . 8  

58 . 8  60 . 3  

60 . 3  6 1 .  3 

64 

APPENDIX C 

Borehole Stratigraphic Data, Borehole OW- 1 

Formation Description 

Black topsoil  

Blackish  b rown clay 

Brown fine clayey sand 

Grayish brown fine sand 

Gray clayey sand with s i lt seams 

Gray fine s and with some gravel 

Gray sand wi th gravel 

Brown sand with gravel 

Weathered or broken rock 

Blue-gray sha l e  
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OW- 1  (NE/NE S ec t ion 6 ,  T82N , R 2 JW ) .  

Elevation 
( ft . ) 

Sample log 
D epth 

Li tho logy (·ft . )  

o 

De
scr lP
tion 

-- ' 13f�.3 
849iZ¥ 1 0  

Topso il 

C lay 

0. " 
o : 0 () 

: r:1 ' o ·  
", . "  ' :0'  ,. : ; . 
. : '1) " :  . . .  � .  :.:0 . . ," " 

F ine sand wi 
s ilt lenses 

F ine sand wi 
some grav e l  

Sand & grav e l  

80 J E'"=""=�::-t 5 9 S ha 1 e 

V e r t ical scale : 1 "  = 1 5 '  
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APPENDIX C 

Borehole Stratigraphi c  Data, Borehole OW-2 

Depth Below 
Surface, Feet 

From To 

0 3 

3 7 

7 8 

8 1 2 . 5  

1 2 . 5  20 . 0  

20 . 0  40 . 0  

40 . 0  42 . 0  

42 . 0  5 0 . 0  

50 . 0  60 . 4  

60 . 4  77  . 2  

7 7 . 2  1 1 6 . 5  

1 1 6 . 5  1 2 1 . 0 

Formation Description 

Black top s o i l  

Black c l ay ( gumbo )  

Brown sandy c lay 

Gray c lay 

Gray sand with smal l  gravel 

Gray sand with medium to l a rge gravel 

Fine gray sand 

Gray s and with medium to l a rge gravel 

Gray s and with medium to l a rge gravel 

Gray medium to fine sand with very l ittle 

Black glacial  till  

Broken rock  and black  shale 

gravel 



OW - 2  
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( NE/NW Sect ion 5 .  T82N . R 2 3W ) .  

Sample log De-
Elevat ion D epth 

( ft . ) Litho logy I� ft � ) 
859 0 
856 3 

Topso i l  

�2f��f� 7 

. . . : . . , ', .  : .. ; ' 

· 0 · 0: " . . ' : ." 

.... c " .... :. .' ,,' 
• 

C lay 
S andy c lay 

1 3  

F ine sand 

Spontaneous 
Potent ial 

(mv ) 

S and & grav e l  

782 

742 

""""-��� 77 
I ,, '" I ', '- '" I !  
, .. ' 1 , ' - "'/  

T ill 

1 7 
Shale 

R e s i s t iv ity 
( ohm- ft . )  

electrode spac ing 
2 . 5  ft . 0 . 25 ft . 

Vertical scale : 1 "  = 1 5 '  



Depth B e l ow 
Surface , Feet 

From To 

o 4 . 5  

4 . 5  1 2  

1 2  1 4  

1 4  20 

20 25 

25 30 

30 35 

35 40 

40 45 

45 50 

50 55 

55 60 

60 64 . 5  

6 4 . 5  70 
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APPENDI X  C 

Boreho l e  S t r a t igraphic Data, Boreho l e  OW-3 

Formation Description 

B l a c k  top s o i l  

Yel l ow c l ay 

L i gh t  gray i s h  green c l ay 

Fine ye l low sand with yel lowish green s i l t y  c l a y  

Fine ye l l owish b rown sand a n d  grave l 

Browni s h  y e l l ow sand and grave l - f i ne to medium 

Sand and grave l w i th c o a l  lenses at 32 ' 

Sand and gravel - turning gray - medium t o  fine 

Sand and grave l - gray - medium to coarse 

Gray sand and gravel - medium to coarse with 
gravel becoming more coarse - cobb l e s  numerous 

Gray sand and gravel - medium to coarse with cobb l e s  

Sand and gravel - gray - coarse with cobb l e s  

Sand and gravel - gray - very coarse w i th cobb l e s  

Dark gray t i l l  
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OW - 3  ( NE/NE/NW S e c t ion 8 ,  T82N , R 2 3W ) .  

S ample log 

Elevat ion 
( f t .  ) 

859 

854 

D e -
D epth scr ip

Lithology ( ft . ) t ion 

,r ' 
. " ,  

. , ', . " ,  
'" . . . 

". 
', . . 

, : . .. .. . . 

.,�' : 

' . .  : . 

! ' ,  

o 

5 
Top soi l  

C lay 

F ine sand w/ 
s ilt and c lay 

F ine sand 

32 Wood 

S and & grav el 

T il l  

Vert ical scale : 1 "  = 1 5 '  



Depth B e l ow 
Surface, Feet 

From To 

o 5 

5 1 2  

1 2  20 . 5  

2 0 . 5  2 1 . 5  

2 1 . 5  25 . 0  

25 . 0  32 . 0  

32 . 0  65 . 0  

65 . 0  83 . 5  

83 . 5  9 1 . 2  
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APPENDIX C 

Boreho l e  Stratigraphi c  Data , Boreho l e  OW-4 

Fo rma t i o n  De s c r iption 

B l a c k  top s o i l  

B rown c l ay 

Blue c lay 

Fine brown sand 

Fine brown sand with some gravel 

Brown sand - fine to medium 

Gray sand fine to medium with sma l l  and la rge 
gravel 

Brown s and with sma l l  and l a rge grave l 

G l a c i a l  t i l l  (dark gray) 
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OW-4 ( S E/SE S e c t ion 1 7 ,  T82N , R 2 3W ) .  

Sample log 

Elevation 
( f t .  ) Lithology 

855 

850 

. ,' ,.:: ' " '. " ,  ,': ..... ... 
" " 

o 0 • 

:.'o�·:'" .::� ',:,'; ':' :.� :. : 

De 
D epth scr ip-

Spontaneous 
Potential 

(mv) 

R e s i s t iv ity 
(ohm- f t .  ) 

electrode spac ing 
2 . 5  ft . 0 . 25 ft . 

O( ft . ) t ion 0 r-.-.-.-.-".-7�O rrIrTl-r'-rT-rTO-r"rT� Tops o i l  I I 
5 

C lay 

21  

F ine sand 

S and & grav e l  

Till 

Vert ical scale : 1 " = 1 5 ' 
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APPENDIX C 

Boreho l e  Stratigraph i c  Data, Boreho l e  QW-5 

Depth B e l ow 
Surfa ce, Feet 

From To 

0 3 

3 3 . 5  

3 . 5  4 

4 7 

7 26 

26 30 

30 33 

33 38 

38 42 

42 47 

47 60 

60 70 

70 75 

75 80 

80 87 

87 88 . 5  

88 . 5  90 

90 92 

92 95 

95 1 0 1 . 5  

Formation Des c ri�t i on 

B l a c k  top s o i l  

Huddy b rown t i l l  

Brownish yel low c lay 

Brownish y e l l ow sand - fine 

B l ue c l ay 

Gray sand and gravel - fine 

Gray sand and gravel - f ine to medium 

Blue gray t i l l  with gravel 

Very fine grayish white sand - hard 

Dark gray t i l l  

Sand and gravel - gray - fine 

Sand and gravel - gray - fine to medium 

Gray sand and grave l - medium to coarse 

Gray sand and gravel - coarse 

Sand and gravel - coarse with cobb les 

Brownish ye l l ow c lay 

Gravel - b rownish y e l low 

Layered gravel and gray t i l l  with cobbl e s  

Dark gray t i l l  w i th cobb l e s  

D a r k  gray t i l l  



h 
OW- 5  (NE/SW S e c t ion 21 , T82N , R 2 JW ) .  

Elevat ion 
(ft . ) 

86 
861 

S ample log 
D e -

D epth s cr ip
Litho logy ( ft . ) t ion 

, , , , , \. � . - _ . - ; =.- =- I 
- .:-- . : \ 

, , 

, . ' . \ " 

o 
J 

Top soi l  

Interbedded till , 
s ilt , c lay , sand 
and grave l  

I I .... I ... ' �  ' ... / \. 

822 1-'-' ':....':....'-,.':....' -=.':....' � 42 
. ,', . 

" . : " . 

, , F ine sand 

, , " ', ' 

7 9 4 I-:---:'-',--::-� 70 . �  0 " 

: . .  : .,) . . . .. .  . . 0 . ," • 0 " " ... . : : 0" , ' :  .: ,' , .:: S and & grav e l  

C lay 

S and & grave l  

Till 

Ver tical scale : 1 "  = i s ' 
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APPENDIX C 

Borehole Stratigraphi c  Data, Borehole OW-6 

Depth B e l ow 
Surface, Feet 

From To 

o 5 

5 6 

6 1 2 . 5  

1 2 . 5  44 . 3  

44 . 3  47 . 8  

47 . 8  48 . 3  

48 . 3  5 3 . 8  

53 . 8  6 6 . 5  

66 . 5  67 . 0  

67 9 8 . 8  

98 . 8  1 10 . 0  

Formation Descript ion 

B l a c k  top s o i l  

Brown c l ayey sand 

B rown medium sand with sma ll grave l 

Gray t i l l  

Gray medium sand with sma l l  grave l 

Gray t i l l  

Gray t i l l , c oa l ,  wood 

Gray fine t o  medium s a nd with some gravel 

Brown very fine s i lty s a nd 

Brown medium to l a rge sand with medium to l a rge 
gravel 

Gray t i l l  
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OW -6 (SE/SW S e c t ion 21 , T82N , R 2 3W ) .  

S ample l og 

Elevat ion 
C r t .  ) Li tho logy 

868 

8 6 3  
.: 0 · 0 . . . .  . . . ,) . ' .. 0 

D epth 
( f t .  ) 
o 

Spontaneous 
Potent ial 

(mv) 
D e 
s c r  ip
t ion 0 r-r--,--,---,---.---.--:""':' 

5 
Topsoil  

Int erb edded t il l  
s ilt , c lay , sand 
and gravel  

W ood 

F ine sand 

801 7 

769 . . ..... .  ' , '  

T i l l  

R e s istiv ity 
(ohm- f t . ) 

e l e c trode spac ing 
2 . 5  f t .  0 . 25 ft . 

V er t ical scal e : 1 "  = 1 5 '  

1 70 
, i I 



Depth B e l ow 
Surface, Feet 

From To 

o 2 . 5  

2 . 5  3 . 5  

3 . 5  5 

5 1 3  

1 3  15 . 5  

15 . 5  18 

18 20 

20 27 . 5  

2 7  . 5  35 

35 40 

40 45 

45 5 5  

5 5  60 

60 65 

65 70 

70 7 6  

7 6  84 

8 4  90 

7 6  

APPENDIX C 

Borehol e  S t r a t igraphic Data, Borehole OW- 7 

Formation Desc ript ion 

B l a c k  top s o i l  

�luddy brown c l ay 

�luddy brown sandy c l a y  w i t h  wood a t  5 '  

Brown c lay 

B l ue gray c l ay with sand lenses 

Blue gray sand and gravel - fine with thin s treaks 
o f  c lay 

Sand and grave l - fine to medium - with no c l a y  

B l ue gray c l ay 

Blue gray sand and gravel - fine to medium 

Gray s and and gravel - medium - sta rting to c lean -
wood a t  38 ' 

Gray sand and gravel - medium in texture 

Sand and gravel - c l ean (very) medium to c o a r s e  

Sand and gravel - pea rock s ize - c o a r s e  

Sand and grave l - c o a r s e  w i t h  trace o f  cobbl e s  

Sand and gravel - very coarse w i th cobbles 

Sand and grave l - very coarse with l a rge cobb l e s  

Very hard cemented s and and grave l w i th l a rge 
cobb l e s  and boulders . D r i l l ed exa c t ly l i ke l ime
s tone except quicker going through s t reaks ( th i n  
s imulated sands tone toward b o t tom) 

Dark gray t i l l  
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OW - 7  ( SWiNE S ec t ion 21 , T82N , R 2 JW ) .  

S ample log 
De-

R e s i s t iv ity 
(ohm-ft . ) 

e lectrode spac ing 
Elevat ion D ep th scr ip-

( ft . ) Lithology ( ft . ) t ion 0 70 0 170 848 0 Top s o i l  rr��-r-.--.--.--rL�, ri�i-'-'-'-'-r-r'-'-.-.-r-ri'i-'i�i�i 

Spontaneous 
Potential 

(mv) 2 · 5  ft . 0 . 25 ft . 

845 r�:;��� J 
84J . 5 W ood 
840 8 S andy c lay 

C lay 
8 J5 1 3  C lay wi sand lens e s  
8 J2 r.f . . ��. 1 0  

8 1 0  

8 0 J  

76 4 

' ':' " 
" .  . - . . � . 

" : ' . . . 

.. . . . : : 

28 

F ine sand wi 
s i l  t and c lay 

F ine sand 

; ,:.. i." . .•. J8 W o od 

;�;;.fti 4, 

' , '  .' 0 , 0  "'(y' 
: :o..'·.,::·' · :o··.:·� ·  . .. ', , :: 

0. '': -

' 

:'  
.  ,  

:�: . :� .� . .. � :
.

: .
.
.

. 

Q� 
. ';,0. � 

. -: '0 ' 

S and & grav e l  

C obb les 

T ill 

V ertical scale : 1 "  = 1 5 '  
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APPENDIX C 

Boreho l e  S t r a t igraph i c  Data, C i ty o f  Camb r i dge 
(We l l  log, We l l  2, 1 9 7 1 )  

Depth Below 
Surfa c e , Feet 

From To 

0 3 

3 4 

4 1 0  

10 25 

25 41 

4 1  5 4  

5 4  60 

60 7 9  

Forma tion D e s c ription 

B lack top s o i l  

Sandy brown c l ay 

Brown sand 

Sandy gray c l ay 

Sandy gray c l ay - s and s t reaks 

Gray s a nd 

Gray s a nd - some grave l 

Coarse gray sand and grave l 
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