-~

Layne GeoSciences

801 West Chemy Street « Sunbury, Ohio 43074 » 740/965-2833 » 740/965-2844 (FAX) » 877/472-6630

A Division of Layne Christensen Company

June 15, 2001

Mr. Glenn Daostal, P.E.
HDR Engineering

8404 Indian Hills Drive
Omaha, Nebraska 68114

REGARDING: RESULTS OF TASK 320 TEST DRILLING
FOR LEWIS & CLARK RURAL WATER SYSTEM

Dear Mr. Dostal:

A preliminary test drilling program was recently conducted for the Lewis & Clark Rural Water System in
Clay County, South Dakota. The purpose was to identify potential sites for construction of several
Ranney Collector wells to develop a total combined water supply of approximately 30 million gallons per
day (MGD) from ground water enhanced by induced infiltration of surface water.

LOCATION

The test holes were drilled in the unconsolidated glacio-fluvial aquifer system along the Missouri River
south-southwest of the City of Vermillion, in Vermillion Township, Clay County, South Dakota. Sites
U, V and W are on the north bank of the river, east of the Clay State Recreation Area on properties owned
by Bottolfson and Heine in Sections 27 and 28 of T92N-R52W (South Dakota Survey). Sites B, D and
F are on the east bank of the river, west of the State Route 19 extension on property owned by the State of
South Dakota Department of Transportation in Sections 35 and 36 of T92N-R52W (South Dakota

Survey). Site A is about 4000 feet east of the Missouri River, approximately along the section line
between Sections 26 and 25, T92N-R52W.

FIELD PROCEDURES

Field reconnaissance was conducted to stake test hole locations and determine site access requirements.
Then, a total of seven (7) test borings were drilled to total depths ranging from 75 to 120 feet. The
borings were drilled using mud-rotary methods with a 94mm core sampling system. Four (4) of the
boreholes were reamed to a larger diameter and completed as observation wells (Sites U, W, B and D),
On-site geologist supervision was provided during drilling of the first borehole.

Borehole SP and resistivity logs were also obtained. Where possible, the borings were drilled into
bedrock in order to provide a sump for drill cuttings to increase the potential to log full depth of the
borehole and to provide maximum definition by comparison of rock and unconsolidated deposits.

Soil samples were obtained at five (5) feet intervals and change in formation from drill cuttings and/or the
94mm core barrel sampling system. Drilling logs were maintained that included formation description
and depth of changes, relative penetration resistance, sample recovery, drilling mud loss, and water levels.
Selected soil samples were dry sieved and gradation analysis was performed.
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The observation wells were constructed with 10-feet of 4-inch diameter Schedule 40 PVC slotted screen
with flush-threaded PVC riser extending at least 2 feet above grade. The annular space between the
casing and borehole was sealed with bentonite chips from a depth of 20 feet to grade and the wells were
completed with a protective surface casing and locking cap. Abandonment of boreholes that were not

completed as observation wells was conducted by collapsing the borehole and placing bentonite chips
from a depth of 20 to 30 feet to grade.

TEST DRILLING RESULTS

The test holes encountered bedrock, the Graneros Shale, at decreasing depths from west to east of 99, 98,
and 94 feet below grade at Sites U, V and W, respectively. Along Mulberry Bend, bedrock was
encountered at decreasing depths from north to south of 111, 110, 95 and 75 feet below grade at Sites A,
B, D and F, respectively. The unconsolidated deposits overlying the bedrock were comprised of a
generally downward coarsening sequence of interbedded clays, silt, sand, gravel and cobbles. Lithologic
well logs, resistivity logs, and sieve analysis data and graphs are attached. Sieve analysis resuits are
summarized in Table 1. Test boring resuits are also described below.

Site U

Unconsolidated deposits encountered in TH] at Site U were generally comprised of fine to medium sand
interbedded with layers of clay and silt; little coarse sand and gravel was encountered. The coarsest and
most permeable materials at Site U were encountered in two horizons: the upper horizon, from about 52
to 62 feet below grade, has a 40% retained grain size of 0.033 to 0.055-inches; the lower horizon, from
about 85 to 99 feet has a 40% retained grain size of 0.066 to 0.080-inches. These horizons are separated
by a 23-feet thick section of gray clay and gray sandy, clayey silt.

Site V
Deposits encountered at TH2 in Site V were finer than Site U, with essentially no gravel except for the
bottom 2 feet. Two main sand horizons were encountered, one at 11 to 58 feet and one at 84 to 97.5 feet,

however sieve analyses indicated that the 40% retained grain size was only 0.010 to 0.020-inches. No
observation well was installed at this site.

Site W
In TH3 at Site W, a thick sequence of fine sand was encountered from grade to bedrock at a depth of 94

feet; no clays were indicated. The 40% retained grain size ranged from 0.008 to 0.020 and the material
was very uniform with a uniformity coefficient of 2 to 4.

Site B

Surficial deposits encountered in TH4 at Site B were comprised of fine brown sand to 5 feet and clay to a
depth of 10 feet below grade. This was underlain by gray sand to a depth of 50 feet. Coarse sand and
gravel was encountered from 50 to 85 feet. Below 85 feet the drilling was reported to be difficult. Coarse
gravel, some sand and a few cobbles were reported from 85 to 102 feet; and immediately overlying
bedrock, from 102 to 110 feet, broken gravel, cobbles and boulders were encountered. .From 50 to 55
feet the 40% retained grain size was 0,055-inches; from 55 to 100 feet the 40% retained size was 0.100 to

greater than 0.200-inches. From 100 to 110 feet, only wash samples could be obtained and the 40%
retained size was 0.150 to 0.195-inches.
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Site D

TH-5 at Site D found soil materials similar to Site B, except that bedrock was encountered at a shallower
depth and the thickness of coarser sand and gravel deposits was less. Surficial deposits were comprised
of fine sand to 4 feet, brown clay to 9 feet and very fine silty sand to 25 feet below grade. From 25 to 70
feet below grade was gray sand with a 40% retained grain size of 0.020-inches or less. Based on the sieve
analysis, coarse sand and gravel with a 40% grain size of 0.185-0.193-inches was encountered from 70 to

80 feet. Overlying the bedrock, from 80 to 95 feet, coarse sand and broken angular gravel was
encountered with a 40% size of greater than 0.200-inches.

Site A

Surficial deposits encountered in TH-6 at Site A were comprised of interbedded clay and sand to a depth
of 50 feet (gray clay from grade to 9 feet, brown to gray sand from 9 to 26 feet, clay from 26 to 27 feet,
and sand from 27 to 50 feet). A thick layer of clay to laminated sandy, silty, clay was encountered from
50 to 82 feet below grade. Sand with a 40% retained grain size of 0.017 to 0.041 was found from 82 to
100 feet and the driller reported that this formation was “tight”. Immediately overlying bedrock, coarse

sand and broken gravel with a 40% size of .151 to .164-inches was encountered from 102 to 111 feet
below grade. No observation well was installed at this site.

Site F

Unconsolidated deposits encountered in TH7 at Site F were comprised of interbedded layers of clay
(ranging from 1 to 9 feet thick) and sand (ranging from 3 to 14 feet thick) throughout the section.
Bedrock was at a depth of 75 feet below grade. No observation well was installed at this site.

Assuming a static water level at 10 to 23 feet below grade, saturated aquifer thickness is estimated at 86
to 81 feet at the north sites and 87 to 65 feet along Mulberry Bend. At Sites B and D, it is anticipated
that centerline of laterals would be at approximately 85 feet below grade and that the design pumping
level would be at least 10 feet above the laterals. Therefore, average aquifer thickness (considering both
pumping and static conditions) is estimated at 77.5 to 85 feet.

CONCLUSIONS

The coarsest and most well sorted aquifer materials and the thickest section of these materials were
encountered at Site B; followed by Site D. Therefore, Sites B and D (and Site C by inference) are
believed to be the most favorable sites for water supply development. Sites W and U are considered
marginal because of the generally fine grained aquifer materials, and at Site U, because of the intervening
clay layers. The least favorable site was Site F, because of the large amount of silt and clay throughout
the section, followed by Sites V and A.

Estimated Collector Yield

Utilizing the following equation by Mikels and Klaer:

Q= X)) m (s)
229 In [(2a)/1)]
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Based on the available data, including qualitative review of the drillers logs and soil sample grain size
analyses, and general experience, the following parameters are estimated for Sites B and D (and are
assumed to be the same for Site C), where:

K = Hydraulic CORAUCHIVILY ..uu..uverireerererseresessississnssssssrmssesssssssssssense 1800 - 2000 gpd/ft*
m = Average Saturated Aquifer Thickness ......covumenmneinm, 77-85 feet
s = Adjusted Drawdown ... 42 feet
a = Distance to a Line Source of Recharge ..o 1000 feet
r = Effective Radius of CoOlleCtor ... 60 feet

Therefore, by substitution, it is estimated that a single Ranney Collector Well installed adjacent the
Missouri River in the vicinity of Sites B, C and D may yield approximately 10.4 to 12,8 MGD, depending
upon seasonal river stage, ground water temperature and recharge conditions.

It is anticipated that Site W would have to be gravel packed and that the potential yield of Site W is
probably half that of Sites B and D.

RECOMMENDATIONS

Recommended Aquifer Testing

Prior to collector design and construction, it is recommended that aquifer testing be conducted at Sites B,
C and D in order to confirm hydraulic characteristics of the aquifer, recharge potential and ultimately,
collector well yield and optimum design. Agquifer testing should include a four-hour variable-rate step
test, a minimum 12-hour recovery pericd, a 72-hour constant-rate pumping test and a 24-hour recovery
test. It is anticipated that the variable-rate test will be conducted at four (4) successively higher rates,
such as 600, 800, 1000 and 1200 gpm, with each held constant for a one hour period. It is anticipated
that the constant-rate test will be conducted at approximately 1000 gpm (the minimum acceptable is 800
gpm; the maximum is probably 1200 gpm). Whichever rate is selected for the constant-rate test must be
kept stable at +/- 2%.

Test Pattern Layout

At each aquifer test site, a total of six observation wells should be installed (including the initial
observation well) in a T or L pattern. There should be two lines of wells that are perpendicular to and
toward the river (R-line) and parallel to the river (P-line). The temporary test production well should be
installed at the apex of the two lines. A sketch of optional test patterns and well spacings has been
previously submitted.

Observation Well Construction and Design

The observation wells should be drilled and installed to a depth of 85 to 90 feet and equipped with 10-feet
of 20-slot 2-inch diameter Schedule 40 flush threaded screen and riser; natural pack design is acceptable.
A surface seal should be emplaced from a depth of at least 20 feet to grade in the annulus between the
riser and borehole; the pvc riser should have a thumb-screw type water tight cap; surface completion
should include a 5-feet steel protective casing with locking cap, cemented into place. All well
construction should be conducted in accordance with State regulations.
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River Stilling Well and Well Points

A river stilling well should be installed at a distance of approximately 50 feet upstream from the test
discharge, however, actual location may be adjusted depending upon field conditions. Up to three well
points should be installed in the river. Well point location and installation should be directed by the
supervising geologist, but will depend in large part on safety considerations. If possible, a triangular
pattern is preferred, however, a parallel pattern close the river bank is also acceptable and may be the only
safe option. The well points should be equipped with 2-feet of screen or mesh and should be driven so
that the top of the screen is three to five (3-5) feet below the river bottom. The well points should be
tested to be sure that they are open to the aquifer and not the river.

Test Production Well Design and Construction:
Tt is recommended that the temporary test production well be drilled utilizing either A} reverse rotary
methods with only clear fresh water with no drilling fluid additives, or B) cable tool drilling using the

pull-back method of screen installation. Preliminary recommended test well design is the same for both
Sites B and D, as summarized below.

If installed natural pack, the test well(s) should be equipped with 15 feet of nominal 12-inch diameter
0.100-inch (100 slot) well screen installed at a depth interval of 75 to 90 feet below grade. If gravel
packed, the well may be equipped with 20 feet of 12-inch diameter 100 slot screen from 70 to 90 feet
below grade and the gravel pack material should be Luther Maddox AA. The well screen should be
wire-wound; it may be stainless or carbon steel. Minimum borehole diameter for a gravel packed well
should be 18 inches. Final design of the temporary test production well(s) will depend upon results of
drilling, soil sampling and sieve analysis at each test well location.

CLOSURE

Results of the initial test drilling program for the Lewis and Clark Rural Water Supply System indicate
that it may be possible to develop the required water supply from three (3) Ranney Collector Wells along
Mulberry Bend at Sites B, C and D. Test drilling at Site C will be required to confirm physical
characteristics of the aquifer and aquifer testing at all three sites is recommended to determine hydraulic
characteristics, infiltration capacity and yield.

Please do not hesitate to contact me if you have any questions. Thank you for the opportunity to
participate in this important project.

Respectfully Submitted,

Layne Christensen Company

Kathryn EppsCPG

Project Manager/Sr. Hydrogeologist

Enclosures
KE/pe
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I ~ Layne-Western Company . .. FIELD BORING L.OG
quﬂe ' A Layne Company Boring Number:  Site D TH-5
I \ 25450 Highway 275 - P.O. Box 597 - Valley, Nebraska :

Project: Lewis & Clark Rural Water Supply Project . Job No. Date: 514-7T101
Location: Site B D 7 Driller: Duane Trask
Drilling Method:  Mud-Rotary with 94-mm core sampler Drill Fluid: Potable water with bentonite
Depth (Feet) Description Sample Depth | Recovery
From To Type & No.| (Feet) (Inches)
0] 4 SAND, brown, fine wash 0-5 na
4 9 CLAY, brown, silty ’ wash 5-10 na
l a 25  ISAND, brown, very fine, silty (powdery) wash 10-15 na
25 50 |SAND, gray, fine-medium-coarse 94 mm 16-20 ao
50 680 |SAND, gray, fine-coarse, few fine gravel {<10%) 94 mm 20-25 20"
I 60 63 ISAND, gray, fine-medium-coarse 94 mm 25-30 30"
i 63 75 |SAND, gray, fine-medium-coarse, few coarse-very coarse gravel 94 mm 30-35 30"
SAND, gray, coarse, and broken, angular, medium GRAVEL, drilled] 84 mm 3540 o
75 95  {rough (ruined drill bit} 94 mm 40-45 30"
l a5 100 1BEDROCK, limestone 94 mm 45-50 3"
94 mm 50-55 30"
94 mm 55-60 30"
l 94 mm 60-65 30"
resisitivity fog to 86 feet; hole wouldn' stay open below this 94 mm 65-70 KIth
84 mm 70-75 3g"
l depth interval  mud viscosity mud loss wash 75-80 na
0-25' 29 g" wash 80-85 na
25-50' 30 11" wash 85-90 na
l 60-75' 30 9" wash 90-95 na
75-95' 34 18"
l 7
|,
J o1 coNSTRUCTION  MATERALS WATER LEVEL OBSERVATIONS
Set 10 feet of Sch 40 PVC 4" diameter flush threaded screen from 75 to 85 After Completion {Feet)

feet below grade; set 78 feet of flush threaded riser from 75 to +3 feet. .
Developed by surging, bailing and pumping. :



te 8y

%0001 066y  00F %0001 0'86F  00'T  %0°00% 070 00°€ %0'001 0605  00°€  %40°00Y 0'p0S  00°6  oozised ysem + ugg
%766 0'S6P %966 0'96p %b'66 0667 %66 0'908 %86 0'S6¥ £00°0 | $20°0 |00
%766 0's6y | 00 %966 096¢ | 00¢ %b'66 066y | 00'F % b 66 0905 | 008 %1'86 0'S6r | 00°6Z | $00°0 | OE1°0 {001
%¥'86 0'I6r | 00'S %0°66 0c6y | 009 %9'86 0's6r | 0079 %8"L6 0’86y | 00°SI %516 0°99F | 00778 | ZI0°D | 00£°0 | OS
%¥"L6 098 | 009 %8"L6 L8y | 00°L %p'L6 068y | 008 %6'P6 o'gsr | 00007 |  %%TOL or8e | 00'z8 | £20'0 | 0090 | O€
%796 0°08Y % b6 0°08¥ %8'S6 0'18¥ %0°16 0°E9F %665 020§ £€0°0 | ££8°0 | 0T
%1'96 008y | 00°LT %96 008 | 00'ST | %%8'S6 018y | 00BT | %0'I6 0'e9r | 60°08 %6°65 0'z0c | 00°8y | 150°0 | 00T | 9%
%876 0'€9F | 060TIL| %PI6 ossy 00981  %T06 0Esy |00TSL| %18 0Ely |oovel|  %bos OyST | 00°ES § £60°0 | 09E°C | 8
%E°89 0'IFE |00'IPE]  %%0PS 069T |00769Z] %%0'%S 0ILT | 00°TLT]  %0EY 0617 |o061T] %6'6E ¢'107 |00°10T § s8I0 JOSLP | ¥
$6-06 quaspul mdag] 06758 gsatnfmdagl  $8-08 eatayuy mdaqr|  08-SL quasin] pdea)  sL-0L iqeatazu] Pdog] seypup  wm  tou
94 % win) A wnD1gdpm |39 o wnd A ‘wa) hudpam [ 19H % wnd 1M wmD 18P | 198 % wnd [1A0 “wnD [IERM '1PH % wad [1ah wnD) iy | 47ZIS FATIS
240001 0v0S | 0011 | %0700 0105 . | 00°BT | %0°001 0'S05 | 00'IT | %0001 0°L0S | 00°TE | %0°001 0'80S | 00'pzT | 00zised ysem + uvg
%8'L6 oe6r | 00°%Z | . %by6 0ELY | 00°L9 %8'L6 avey | 00007 | %96 0's6r | 00 %E°S6 0'p8F | O0'LE | £00°0 | SLO'0 | 00T
% I't6 069% |00°€0C| %018 090y | 00°082] %%6'€6 orLy | 00°6¥ %L 0'cvr | 00°SB %,0°88 o'Lyr | 00°96F | S00°C | 0€X0 |00
%8°'TS 099 | 60°Z6 %1'ST 0971 | 00°88 %LT'Y8 o'sTP | 00°L5T] %90L 0'8S€ {00°BIE| %p'6p 0'1SZ | 00°60Z { T10°0 | 06E£°0 | 05
%S'bE OPLT | 00°ST %9"L 0'8E€ | 00°LI %E'EE 0891 | 00°1L 2%6'L 0oy | 00701 %E'8 0zr | 00°Ll | €20'0 | 069°0 | of
%967 06PT | 00°ZL %'y 01 00'L %T6L 0°L6 | 00°ST %6'S 0°0¢ 00°'S %6'p 0'ST 00'S | £€0°0 | €€8°6 | 0T
%L OLET  |00°LEY %8°T opL | 00°FPI %E Pl 7L | 00°TL %6'p 0'sT | 00°ST %6'E 00z | 000z | 150'0 | 00e1 | o1
%00 00 %%0°0 00 %00 00 %0'0 0’0 %0°0 0'0 €60°0 { 09T | 8
2400 0°0 2400 0D %070 00 %00 00 %0°0 0'0 SBIG | oSL'y | b
0L-59 searayur mdaa]  s9-09 teatauy mdag] 09-55 yoatnuy ydag]  ¢s-0§ qeaguy pdag] os-sy spazaqu] pdaq [ sepowr ww  cou
M %, WD) |30 wnD (18R 19d 26 wind 1A wnd [igdem | e % wind s wnd huyiap 19U % wikd |1 o) yapm |99 % wnd [ rwndfigdem|  azis aams

1afoag Liddng Jojepp [eany YLuL) 29 St
vloqE(Q qInog ‘nol[furIa

:weN 10aforg
‘uonBIO
S“HL-dALIS

SHSATVNY TAHIS




