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SUMMARY 

Th purpose of this study was to evaluate a sand and gravel resomce at a site near 
Bayport Washington County Minnesota. The Bayport site consists of 13.6 acres ofstate owned 
land managed and administered by theMN-DNR Division ofWildlife. Miller Excavating, who 
is mining sand and grav l on the land directly adjacent to the south, is looking to expand its 
mining operation; Miller approached Wildlife about buying or leasing the prope1ty in question. 

his study was therefore completed to determine the value o this resource. 
A detailed evaluation wa necessary to detennin the value of the resource, which 

included aerial photograph and map interpretation, dJilling logging sampling field observation. 
geophysical studies labwork statistical analysis research, computer aided mapping, etc. The 
results of this investigation, the conclusions reached and possible suggestions of how to 
continue (with th leasing of thfa resource) are as follows: 

Results/Conclusions/Suggestions 
• The Bayport site consists almost entirely of sand and gravel (>50 feet in thickness), which was deposited 

as glaciofluvial outwash on a large terrace within the St. CroL-x River valley. 
• The estimated volumes of sand and gravel material within this deposits are:(± 20%) 

• - 270,000 cubic yards of sand and gravel to an elevation of 820 feet . 
• - 135,000 cubic yards of sand and gravel from 820 to 805 feet m e levation . 
• - 400,000 cubic yards of sand and gravel total (to 805 ft and 4: I slope). 

• The overburden thickness is minimal ranging from I to 6 ft (averaging < 3 ft), except in the extreme 
southwestern portion of the map area where a thicker silty-clay exists. 

• Due- to the minimal amount of overburden and the thick gravel deposit, the stripping ratio is very 
favorable however 1s variable due to the elongated-ridge sbape of the deposit. 
• 1: 10 (820 elevation) 1: 15 (805 elevation), however is variable due to lhe ridge. 

• The water table was not encoun tered in the top 50 feet, thus does not pose a problem for mining. 
• Quality testing showed that the aggregate is of very high quality; it meets most of the specifications for 

concrete aggregate and meets a ll specifications with very little blending. The Lron Oxide and Spall(½") 
rn composite #3 are slightly higher than the specification however meet the specifications with blending. 

• The average percent gravel within the entire deposit is approximate ly 27% 
• The average percent gravel within the top IO ft is 38%, and 27¾ beh een IO and 21 It. n depth . 
• Geophysical studie (EM Conductivity suggest that even coarser material (higher gravel p rcentages) 

exists within the deposit , however these areas were no dr!\led or sampled in this study. 
• The sand and gravel fs generally well rounded and washed, which is ideal for concrete. 
• The highest quality materia.l (greatest percenl gravel lies within the upper 21 feet oft.he deposit, thus if 

Wildlife decides to lease the resource on ly to an elevation of 820 feet, the highest royalty value should be 
charged (approximately $1 .00/cubic yard; some areas are changing up to $1.50 for high qua lity material). 
• 270,000 cubic yards * $ 1.00/cubic yard = $270,000 royalties(± 20%) 

• JfWi:ldlife decides to let Miller mine the sand and gravel to an elevation of 805, where the gravel% is 
much less a lower royalty rate cou ld be incorporated for this material. 
• l35.000 cubic yards * $0.70/cubic yard = $ 94,500 royalties (additional· ± 20%) 

• ff Wildlife decides to lease the entire depo it (to an elevation of 805 feel with 4: I post mine slopes) the 
lease value could be set al an intermediate value ($0.85-$0.90/yardsl). 
• 400,000 cubic yards * $0.85/cubic yard = $340,000 -royalties(± 20%) 
• 400,000 cubic yards • $0.90/cubic yard = $360 ODO roya lties(± 20%) 

• It is the suggestion of tbe author/geo logist to lease the en tire deposit (to a depth of 805 feet, with a post 
mine s lope of I :4) al an intennediate royalty rate of$0.85-$0.90 per cubic yard. This would maximize 
he profits obtained from this resource for Wildlife, as well as supply material to Miller Excavating at a 

more affordable rate. Ifthe lease allows Miller Excavating to mine only to an elevation of820 feet which 
would remove the highest quality aggregate, it is less likely (economically) that an ther company in the 
future cou ld/wou ld set up their equipment to mine the remaining lower quality materia l (<135,000 cubic 
yards) . 

https://of$0.85-$0.90


INTRODUCTION 
The purpo of thi project wa to evaluate the aggregat r sourc s at a site near 

Bayport Minnesota (Figure I). Tbe Bayport Site con ists of I .6 acre · of sta te owned land, 
managed and administered by the Minnesota Department of Natural Resource , Division of 
Wildlife. The MN-DNR Di vi ion of Wildli~ is currently leasing the adjacent property to Pete 
Mill r of Miller Excavating for sand and gravel excavating. Miller Excavating approached the 
Division of Wildlife about buying or lea ing the property in que lion to expand his current sand 
and gravel operation. The purpo e of the tudy i then to determine the va lue of the property 
which con i t of acces ing the land alue a w II as the resource value. This report will 
cone ntrate only on the value of the and and gravel resourc . the value of the land itself wi ll 
be completed by the DNR Bureau of Real Estate and Land Managem nt BREM). 

By acce sing the valu of 
th and and grav I 
reso urce Wildlife will 
have the nece ary 
information (along with 
Lh information obtained 
from BREM ) to 
determine if it is better to 
leas the sand and gravel 
and r tain the land or to 
el I th property with the 

re ource intact. 
Jf Wildlife decide to 
keep the land and lea e 
th sand and gravel, th 
information herein will 
provide the neces ary 
information to calculate 
the royalty rate and 
volume of material to be 
removed. If they decide 
to sell the land, the value 
of the resourc can b 
added to the value of the 
land, thus totaling the 
total value of the 
property. If the land is 
old the value of the 

resomce must incorporate 
lhe quality of th e 
aggregate, the market in 
the Bayport Area the 
volume present and the 
potential uses. 

Figure l. Location of th Study Area: A portion of th 
NW 1/4 of the NE l/4 of Section 15, T. 29N., 
R.20W . Washington Counry, Minnesota. 

Minnesota 
Counties 



REGIONAL GEOLOGICAL SETTING 
Large continental glaciers covered Washington County during much of the Pleistocene 

~poch. These continental glaciations left behind a wide variety ofsediments: lacust:rine sands 
outwash sands and gravels ice-contact stratified deposits, errace deposits. glacial till. etc. 
(Meyer & et al 1990), The study area near Baypo1t consists mostly of sands and gravels, which 
were deposited by a complex history of terrace deposition and ernsion glacial lakes draining, 
dammed up rivers large meltwater channels entering smaller ones tc. 

The study area is located on the uppermost ten-ace within the St. rnix River valley. This 
tell'ace was probably formed by water flowing from Glacial Lake Grantsbw-g when it was 
dammed by the Grantsburg sublobe to the north (Wright, 1972): the terrace wa pnmarUy ut 
iJ1to Superior lobe outwash and Ordovi ian dolostone. The sediment within the study area 
consists mostly ofSuperior lobe sands and gravels that were slightly reworked by the Grantsburg 
drainage system. However, a deposit of red silty clay was deposited on top of the sand and 
gravel outwash in the southwestern comer of the study area. This was formed later as Glacial 
Lake Agassiz drained through Glacial River Warren which entered the Mississippi River valley 
downstream causing the St. Croix River valley (a tributary stream) to back-up with water, thus 
depositing finer-grained sediments (slack-water deposits) . 

METHODOLOGY 
The objective of this was study was to complete a detailed evaluation of the sand and 

gravel resource at this site to help determine the value of the deposit. TI1is was completed by 
aerial photograph and map interpretation, drming, logging, sampling, field observations 
geophysical studies, labwork statical analysis research, and fina lly computer-aided map and 
rep01t preparation. This study was completed with only one restriction~ the maximum depth 
(elevation lhat Miller was allowed to mine. Miller' s proposed to mine to an elevatjon of 805 
feet above sea level, however Wildlife wants to restrict mining to an elevation of 820 ft. 
Map Inte1·pretation 

Topographic maps, aerial photographs, and previously published information were 
gathered and analyzed to determine the general geological setting of the Bayport Site. The 
Stillwater and Hudson topographic maps (U.S.G.S. 7.5' series) were analyzed to determine the 
general trends of topography and to delineate the different tenace levels (with which this sand 
and gravel deposit is associated). A large sand and gravel ridge that makes up the majority of 
the study area was delineated using these topographic maps as well as color infe1Ted aerial 
photographs (NAPP, 1991). Aerial photographs were also used to find and delineate other gravel 
pits in the sunounding area which are associated with the same tenace deposit. 
Determinin2 DriUin~ Pattern 

After analyzing the topographic maps, aerial photographs and previously published data 
a drilling plan was constructed. It was determined that a hole needed to be drilled for every acre 
of land (209 ft2)· the study area consisted of approximately 13 .6 acres thus 13 holes needed to 
be drilled. However gravel mining had already began on the south side of the study area 
exposing approximately 25 feet of the deposit a 20 foot gravel exposure/cut existed on much of 
the east side of the study area and the area directly adjacent to the south had been 
mined/exposed; these exposw-es provided sufficient information/data that substituted for a few 
holes. After analyzing these outcrops and their locations a drill plan was consb·uc.ted which 
consisted of 11 drill holes staggered over the remaining unexposed area (figure 2). A row ofclrill 
holes was positioned along the major ridge running north-south and along the minor ridge to the 
east (also rwming approximately north-south)~ it was thought the maximum thickness and 
coarsest sand and gravel would be found on these ridges. 
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Drilline Figure 2. Drill Hole Pattern 
Drilling was completed to determine the 

overburden thickness determine the deposit 
thickness, determine the aerial extent of the 
deposit, describe the ediment encountered 
(logging), and obtain representational samples 
that were used to determine the quality of the 
deposit. he drilling was perfom1ed under a 
cooperative agreem nt between MNDOT and 
DNR, where MNDOT provided the drilling 
equipment and operator to work with a DNR 
Minerals Division geologist. 

The hole locations were staked/surveyed 
and the drilling began. A total of 11 holes were 
drilled in 1.5 days using a 1O" diameter. 25 foot 
continuous flight auger (figure 3) with 5 foot 
sections that were added individually (figure 4) 
to reach a maximum depth of 46 feet. At the 
beginning of every bole the fast few feet were 
pulled up to detem1ine the thickness of the 
topsoil/overburden. The drill was then 
advanced in 2.5 to 5 foot increments and pulled 
up to describe the material and to collect 
samples. 
Logeing 

Logging the hole consisted of making field observations and completing field tests to 
describe the sediment encountered while drilling (figure 5). Field observations included 
overburden thickness overburden characteristics deposit thickness, sediment encountered, 
amount of gravel amount of sand, texture and composition of the sand and gravel , trends, 
patterns field gradations etc. A 2 mm (# l O sieve was used to obtain a rough estimate of the 
percent gravel encountered in the sediment (figure 6). The field desc1iptions of the drill holes 
can be found in Appendix A. 
Samplin~ 

A single sample composite (representing the entire granular interval encountered) as welJ 
as tlu-ee individuaJ sample intervals were collected from each hole (except bole #1 where only 
2 sample were collected; table 1). Sampling consisted of hand-scrapping material from the 
auger flight and placing it on a rubber mat. One th entire interval was placed on the rubber 
mat, it was mixed using a shovel and approximately 30 pounds were placed in a canvas sample 
bag. Identification tags were pJac d both inside and outside of the bags. The identification tags 
consisted of the project number, date sampled, hole number sample number interval sampled 
location and the geologist s name. The samples were then loaded and transported to the 
Maplewood MNDOT testing laboratory for quality work to be completed. 
GeophysicaJ Study 

An Electro Magnetic (EM) Conductivity study was completed to help define trends 
between drill holes, provide infonnation for the areas not drilled help determine the extent of 
the deposit, and to conelate the textural charncteristics of known areas with those areas in 
question. EM34-3 equipment was used for this study which is a two-person portable operation. 

• Drill Holes 
- Exposures
c=J Study Area 
/V Topography 
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Figure 3. Drilling Rig with a 10 inch diameter 
25 ft continuous flight auger (above). 

Figure 4. Five foot auger section were added 
to the 25 ft auger to reach thicknesses of over 
50 feet (right). 

Figw-e 5. Logging Station where sampling, 
labeling sieve testing, and observations were 
completed (lower left). 

Figure 6. Sieve Analysis was used to roughly 
estimate the gravel percent (lower right) . 
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5 

10 

15 

20 

25 

30 

S"mple # Hole# Depth Hole Composites Site Composites 

1 
2 
3 

3 
3 
3 

I to 10 
10 to 21 
21 to 46 

Hole #3 Composite 

Composite 1 

4 

6 

4 
4 
4 

2.5 to 10 
10 to 21 
21 to 31 

Hole #4 Composite 

7 
8 
9 

5 
5 
5 

6 to 10 
10 to 21 
21 to 46 

Hole #5 Composite 

11 
12 

2 
2 
2 

1.5 to 10 
10 to 21 
21 to 26 

Hole #2 Composite 

13 
14 

1 
1 

5 to 15 
15 to 26 

Hole #1 Composite 

16 
17 

6 
6 
6 

4 to 10 
10 to 21 
21 to 46 

Hole #8 Composite 

Composite 2 
18 
19 

7 
7 
7 

3.5 to 10 
IO to 21 
21 to 31 

Hole #8 Composite 

21 
22 
23 

8 
8 
8 

2 to 10 
10 to 21 
2lto 36 

Hole #8 Composite 

24 

26 

11 
11 
11 

1 to 10 
10 to 21 
21 to 46 

Hole # 11 Composite 

Composite 3 
27 
28 
29 

10 
IO 
IO 

1 to I 0 
10 to 21 
21 to 36 

Hole #10 Composite 

31 
32 

9 
9 
9 

1.5 to 10 
10 to 21 
21 to 46 

Hole #9 Composite 

Table 1. Samples collected during drilling including sample number, bole number, 
interval sampled (feet) hole composites and site composites. 
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The fir t tep was to dete1min the int rco il spa ing, whjcb could be eith r 10. 20. or 40 meters· 
each of the e pacings are capable of e plo1ing different depth . Being we wer going to be 
u ing both hoiizontal and verti al dipol s, it wa determjn d that lh 20 m ter spacing would 
work b st. The ..0 m ter int rcoiling spacing ha th capability of exploring up to 15 meters (49 
ft) with the horizontal dipole and up to 30 meters (98 ft) with the vertical dipole (McNeil I, l980). 

An EM urv y was then completed over th entire tudy area excepr where the topsoil 
was already stripped ff for mining. The entire area wa first staked out with a 20 meter grid 
pattern. Th survey consi ts of one per on operating the tran mjtter and the next per on 

perating the receiver 20 meters away . Th receiver imply fo llow th tran mitter to then xt 
tation (so that they are al ways 20 meters aparl); the receiver operator figure 7) moves th 

receiver coil ba kwa.rd or forwards until the meter (figure 8) indicat s correct intercoil pacing 
and then r ad the terrain conductivi ty from the meter (it can al o be electroni cally record d to 
a polycorder and latter downloaded · figure 9). Once the horizontal reading had been taken, the 
coil are laid down horizontally (vertical dipole mod ). th correct intercoil spacing wa 
obtained, and the reading was taken; now you have obtained a read ing for both the h rizontal 
and ve1tical. Th n both operators mov to the next station and r peal the process, fol lowing a 
line. For tbi tudy seven lines were c mpleted with JJ stations each and one additional line 
with six cations, to taling 83 ration /r ading (figur 10). 

Figure 7. Receiver operator taking EM 
conductivity readings (left) . 

Figure 8. EM Receiver (above). 
Figure 9. EM Equipment (below) 

Additional Field Work 
A Global Positioning System (OP ) was used to determin the location of the 

geophysical stations the mined area, and the area that had been stripped and ready to mjne. 
Differential correction was used with the OPS unit, resulting in accuracy withjn a f w meters. 
The hole location and property boundaries were surveyed to get th exact x- y- and z­

coordinate , which were later used to e timate the volume of the deposit. 
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Mined 
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Figure l 0. Location of EM Conductivity stations. Eight lines were completed 
(east-west) seven of the lines contained 11 stations each and the last 
line contained six stations totaling 83 stations. 

Lab Work 
All the quality analysis was completed by the Minnesota Department of Transportation 

(MNDOT) lab in Maplewood. Coarse- and fine-grained gradations were completed on all 32 
samples collected as well as three composite samples (table 1)· this consisted of sieving each 
sample to determine the particle size distribution (e.g. silt vs. sand vs. gravel). A lithologic 
examination and shale float test was completed on all three composites to determine the amount 
of shale, carbonate, iron oxide unsound chert, sandstone spall etc. Bulk Specific Gravity and 
Absorption were determined for both the coarse- ru1d fine-grained aggregate. The Magnesium 
Sulfide and Los Angeles Rattler (LAR) tests were also completed to test the soundness and 
durability of the sediment. 
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Computer Analvsis 
The volume of the deposit was estimated using Tech base. echbase incorporated the 

topography by digitizing a topographic map supplied by an independent consultant and from rJ1e 
digital elevation model (DEM) produced by the United States Geological Survey (USGS). The 
bore hole geology (logged data) was then incorporated into the model, and finally the volumes 
were estimated (assuming a post mine plan to preserve 4:1 side sloped on the east, west, and 
north sides . Two volume estimates were calculated based on l) the minimU01 elevation that 
Miller Excavating was allowed to mine Elevation= 820) and 2) the prnposed mine plan Miller 
Excavating constructed (Elevation = 805). With all this data entered into Techbase, crnss­
sections were completed and the volume estimates were calculated using Kriging (statistical 
model). 

The geophysical data were downloaded lo a PC and stored in a database. The x- and y­
coordinates were calculated and added to the station readings· the database now consisted of x­
coord.(UTM), y-coord,(UTM) the horizontal conductivity (mS/m) and vertical conductivity 
(mS/m). The progran1 SURFER was then used to grid (using Kriging) and display the data. 
Word processing was completed in Word Perfect, Quattro Pro and Excel spreadsheets were used 
to process and summarize the data, and ARCVJEW was used to compile the x, y, and z 
coordinates, summarize data, and pr duce figures. 

RESULTS 

Size Distribution 
The Bayport site consists ofa very high 

quality sand and gravel deposit. The drilling, 
logging, sampling, and geophysical study all 
confinn the presence ofa significant amount of 
gravel within the deposit· gravel is defined as 
particles greater than 2.00 mm. The gravel 
content is ery high in the upper 21 feet, 
ranging from 13 t 54% and averaging 38.1 % 
in the top 10 ft. and 26.9% between 10 and 21 
feet in depth. The gravel % s are summarized 
in table 2· the general trend is a decrease in the 
amount of gravel downward. The average 
gravel percent for t11e entire deposit is 
approximately 27%. Table 2. Percent gravel found in samples. 

The particle size distribution not nly shows a valuable gravel content but also shows 
that the different particle sizes are present in the combinations that meet product specifications 
for the Minne ota Department of Transportation (MNDOT; table 3). With screening and 
blending teclmiques this aggregate deposit has a significant potential for producing multiple 
products (Appendix B). 

Quality of Aggregate 
The sand and gravel was tested to determine the quality of the material (soundness and 

durability). The quality of the material will uJtimately help determine the final end use of the 
resource. It is important to use a resource to its maximum potential (resource management) to 
avoid shortages in the future of quality aggregate. For example ifall the quality resource in an 
area was used for fill (instead of a lower quality resource) and later a quality resow-ce was 

HOie :'iurlace lntermec1. ueep 

~10-21 ft ->21Numbet' ~top 10 rt 
UH- I 39 :Z<I NA 

BH-2 34 20 10 

BH-3 35 37 24 
BH~4 52 33 29 
80-5 46 41 9 

BB-6 13 15 
-

ll 

BH-7 34 29 34 
BH-8 54 23 19 

BH-9 39 21 12 
BH-10 32 2235 

BH-11 38 21 8 

Avenge 3M 27 16 



Sieve Sieve Hole#l Ho le #3 Hole #3 Holc/14 Holc/14 Hole #4 Hole ~ Hole# Hole #5 Hole~2 Hole 1/J Hole #2 Hole Ul Ho le #! Hole #6 Hole 116 HQle ~6 l-loleH7 

Size Size Sample #1 Sample ~2 Sample NJ Samplc/14 Somple #S Sample #6 S,mple #1 Samplt#S Slllllplc ~9 Sample #10 Sample #1 1 Sampl e #12 Som pie #IJ Sample #14 Somple#IS Sample#l6 Sarnp le #l7 Somple # l8 

mm inch 1-10 r, 10-21 ft' 21-46 n 2.s- 10 n 10-21 ft 21-l l fl 6-10 n 10-2 1 ft 21-46 ft U-10 11 10-21 ft 21.26 n 5- 15 ft 15-26 ft 4- IOft 10-21 ft 21-161\ 1·.s- 10 n 
102mm 4" 100 

75 mm 3• 100 89 

63 mm 2 ½It 97 100 100 89 100 100 100 100 100 l00 

SO mm 2" 100 97 100 94 89 97 96 100 91 98 98 96 100 

37.S mm IW 9S 91 95 9S 89 89 91 94 93 9b 96 94 94 100 100 

JI.S mm I 114' 91 89 89 88 9) JOO 91 100 93 94 100 99 97 

25 mm I " 91 94 93 82 as 85 83 8S 98 86 94 98 93 91 94 100 97 97 

19 mm 314' 87 9 1 90 76 84 83 78 81 98 82 92 98 90 90 93 99 96 95 

16 mm Sil!" 86 90 89 74 82 83 77 79 98 81 91 98 87 89 93 99 96 94 

12. Smm ½' 83 87 87 68 81 81 7) 75 97 78 89 97 83 88 92 98 9S 92 

95mm 3/8" 81 84 8S 63 19 79 69 n 96 7S 88 96 79 83 92 91 94 89 

1,75 mm 114 7S 7S 81 S4 73 75 61 6S 94 70 84 93 68 81 91 92 92 80 

?.J,6 n1m #8 68 61 17 50 69 72 55 61 92 67 81 91 63 78 89 37 90 711 

1.00 mm l/10 65 63 76 48 67 71 5~ 59 91 66 BO 90 61 16 87 85 89 66 

LIB mm #16 47 46 66 42 ss 62 46 52 90 57 72 85 56 68 71 70 81 45 

600 um N30 18 18 41 28 J I 34 2S )0 78 17 39 66 27 39 26 l2 •18 16 

42S um N40 9 9 26 18 16 18 12 16 64 7 2 1 46 I 19 s 13 26 9 

300 um #SO 6 s 14 l l 8 7 6 7 42 s B 20 ~ 8 l 4 12 6 

ISO um #100 2 I 4 ~ 2 I 2 2 13 2 I 2 J 2 I I 4 3 

?Sum ~200 1,1 0.7 1.4 4,6 1.5 0,8 1.6 1.3 4.7 I 0,8 0,8 1.4 1.4 0.6 o.s 07 2,2 

Sieve Sieve Ho le 11-7 Hole #7 Hole #8 Hole #8 Hole #8 tlole#II Hole #I I Hole# I I Hole #10 Hole # IO Hole #10 Holc#9 Ho le #9 Holc //9 Campcsite Composite Composite Aver.,g< 

Size Size s,mple # l9 Sample #20 Siimpl d/2 1 Somplc#22 Sample #23 Samplc #24 lsample /1-25 Samplt #26 Sample 1127 Sample lf2S Samplc#29 Sample~ 3( Sample #l l Sample Ml2 # I - Holeo #2- Hol es ill· Holes of oil 32 

mm inch 10-21 n 1 1-11 n 2-10 ft 10-21 fl 21 -36 n 1-IO fi 10-2 1 I\ 21-46 I\ 1-10 r, 10-21 ft 21-46 ft 1.s-1 0 r, 10-;1 fr 21-46 fl 1,2.3,4,S 6.7.8 9. 10, 11 S•mplcs 

102 mm 4• 93 

75 mm J' 9l 100 100 

63 mm 2 ½' 93 100 92 96 100 \00 100 98.1 

50mm ! " 9l 98 87 93 100 100 97 100 98 100 98 97 96 0~ 96.9 

375 mm lW 93 9$ &J 90 100 91 98 9S 99 ~6 97 98 95 95 qg 94.9 

JI.S n,m I 1/4' 93 96 79 90 98 96 96 100 91 100 9S 94 95 97 94 94 96 94.4 

25 mm I' 9l 92 73 li9 95' 96 94 99 Sil" 98 97 91 95 97 9() 92 g5 92.0 

19 mm 3/4" 91 88 70 88 95 93 93 98 86 97 95 88 94 96 87 91 93 89.8 

16mm l/1' 90 86 67 87 94 91 92 98 ss 96 94 86 94 96 86 90 91 ea.a 
12.Smm ½' 89 84 64 86 93 89 91 97 83 94 92 83 92 95 S3 88 91 86.8 

9.5 mm 3/8' 87 82 61 8S 9 1 85 90 96 so 91 90 81 91 94 81 ~6 89 84.5 

4.7S mm #4 SI ,s 52 81 87 74 86 94 77 &2 84 1i 87 92 7S SI 83 79,0 

2.36 mm #8 74 69 48 79 83 66 81 92 69 72 80 65 SI 89 71 71 77 74.2 

2.00 mm "1/,10 71 66 46 77 81 62 79 92 6S 68 78 61 79 88 69 74 75 72,1 

l 18 mm Ml6 SI 52 J S 64 69 43 6" 86 43 47 66 44 65 81 60 60 60 60 1 

600um U30 14 2l 20 26 37 16 21 63 14 IS JS 17 25 59 35 27 JO 31.3 

425 um #40 6 12 IO 8 17 9 9 39 6 7 2l 8 10 38 21 12 17 17,3 

300 um N50 J s 6 J 6 6 ~ 12 3 l II ~ ~ 18 I I s 7 8.5 

ISO um lilOO 2 I 2 I I l I I l I 2 2 I } 3 2 2 2 4 

75 u, n #200 1.2 0.1 1.5 0.6 OJ 2.1 0,8 O.S I 0.8 o.s 1.2 0.8 0,8 1.7 0.9 I 1.3 



needed for roads concrete strucnJJes etc. the material would have to b transported from a 
distance thu increasing the price of the aggregate the concrete, and finally the end-product 
(road) . For this reason it is very important to use ilie material to its max.imum potential; the 
quality tests are performed to determine the properties that help detemune that potential. 

Table 4 summarizes the quality test results completed by MNDOT. All of the 
specifications tested for concrete were passed, except for the iron oxide and spa II (½11 ) in one of 
the composites. Soft iron oxide particles are considered deleterious to concrete and JvlNDOT 
has a specification "not to exceed 0.3 weight% soft iron oxide" for coarse aggregate for Portland 
cement concrete. Composite number three has a slightly higher irnn oxide percent 0.4) 
however with blending this has minimal impact on the value of the deposit. The total spall and 
average spall passed all specifications, thus with blending has little impact n the value of the 
aggregate. All other specifica ion tested for concrete were passed (table 4), 

yuamy , ests 1..,ompIi:=~ea 1..,omposI1e 1..,ompos1re 1...O111µu:s1te Average or IVll'1UUI 

6y Mf.lDv I Laboratory l\lum6er 1 Number 2 NumberJ 1,,;omposItes ~pees. 
v/o .:,IIdle, 1/2 -t- u u u u u.~ 
-rosna,e In ::sana l'r.L;. N.1..; . N .1.., . N.L;. 
--urosnale (l olalJ +4 u u 0 u U.f 
---010 Iron UXlde U.2 0.3 U.4 u.;:i 0-:3--
% ucnre u u u u 
% Onsouna 1..,nert U. l U.2 u o:I 

-o;o !:ilate 0 0 0 0 
-% Caroonate j u b ;j ;lU.U 

0To::sa nastone ;j ti 1 .4 4.1 
0/o::;cn1sI OJJo 1.0-~ 1.24 ----07{ 3-:-0--
o/o I nm! t::long. 0 u o 0.0 
·roe ay alls 0 u u 0 .u 
·u/o Umer KOCK ~J.b '::JU.{ --~m.s ~l. f 
u/o :spat! T' u u u u.u 

"%'"Spar~ 0.3 U.3 1.2 0.b l .U 

---o-ro::spa11 - U.b 1.1 U.L u.S--- l .~ 

o/o ::,on KOCK U. l u U.::> u .z 2.5 
o/o I otat :spa11 +4 U.3 0 .::> U.4 U.4 l .U 

-U-fo Spallrn KOCK en- --o.::> u.~ U.ti Z.::> 

,.°!oADSorpt t-4} 0~6'9---u-:or- --074 u~sa---1\JA--

l3ull<SpG (-4 / L.b.J:> 4!'. .b::>4 L .b4::> L.b4::> NA 

App. :spg {·4/ Z.bts4 ~ 6~tl Z.6 '::JO L.O'::J.J NA 
u/o At>sorpt 1 ½+ u-:5::, u,::,::, 1./ 

-% A6sorpl 1 ½·3/4 1.2 1 .l 1.f 
'll/o 7);6sorpl 374-37u l .;:14 ·1 _,j4 ,., 
% A6sorp{ 3/tl·!fq l .::>b l .ti 1.!:> ti 1. / 

BulR SpG 1 ½+ 2-:772 L.({L 

BTIIR pITT 1/hj/4 2.704 2 .(04 

l3TII p 374-378 l .oo<t Lob<+ 
Bull< SpG- 37S:-#4 2]3"59- ~ soj L.boo 

LAK A-t-'Ct LOSS ii.96 Zl.'::J0 4U.U 

7V1ag%[osf 2-1 '?2' ( ,L (.2 lb.U 

Mag"/oLOSt 1 1/2-l U.4~ u;rn--- -rs-:u-
lvlag%[ost1-3t4 4 .14 4.14 ·1::, .u 
lvlag%Lost 3/4·1l'l. 4.63 4.63 ,o.0--

1vlag%[os{ '9'2-37t1 !:>.24 o.24 1!:>.U 

Mag%Cost .JI0-4 { .4 { .4 1o.U -MagSutr I ot o/o Loss 4 4 

Table 4. Summary oftbe quality test results completed by MNDOT. 
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Other Textural Properties 
TI1e sand and gravel at the site is generally very clean (washed) moderately to well­

rouoded , and well sorted. This sediment is ideal for concrete aggregate~ these clean-washed 
sands are some of the best sands in the state for concrete aggregate and are also close to the 
largest market in the state (Twin Cities Area) . According to another company within a few miles 
of the deposit, the rounded grains of the sands are very good for concrete because it js much 
easier to finish surfaces with round grruns (very good workability), thus requiring less water and 
cement, thus increasing strength and decreasing costs. 
Volume Estimates 

Two volume estimates were calculated for the Bayport Site; these were based on the 
minimum elevation that Miller Excavating was allowed (by Wildlife) to mine (Elevation = 820) 
and the proposed mine plan Miller Excavating constructed (Elevation= 805). The volumes were 
estimated assuming a post mine plan to preserve 4: 1 side slopes on the east west and north 
sides. The volume of the sand and gravel resow-ce above 820 feet in elevation is approximately 
270,000 cubic yaids. The volume of sand and gravel between 820 and 805 feet in elevation is 
approximately I 35 000 cubic yards. The total volume of sand and gravel for the Bayport Site 
is thus approximately 400,000 cubic yards assuming an excavation elevation of 805 feet and a 
4: 1 post mine plan slope. The volume estimates and cross-sections are summarized in Plate 1. 
Geophvsical Studv 

The geophysical EM Conductivity study helped defin the b·ends between drill holes, 
provided information for the areas not drilled , helped detennine the extent of the deposit. and 
was used to c01Telate the textural characteristics of know area with those areas in question. The 
information obtained from this study conesponded very well with the textural characteristics 
(percent gravel) found within the drill holes. The geophysical data obtained from this study 
showed that there are areas containing a higher gravel percent than the areas drilled > 54% ). The 
geophysical (EM Conductivity) data is. summarized in appendix C. 

CONCLUSIONS 
• This detailed aggregate evaluation was completed on 13.6 acres of state owned land. 

managed and administered by the MN-DNR Division of Wildlife. 
• The evaluation included aerial photograph and map int ,rpretation, driUing logging, 

sampling field observation geophysical studies, labwork statistical analysis research 
computer aided mapping, etc. 

• The Bayport site consists almost entirely of sand and gravel (>50 feet in thickness) 
which was deposited as glaciofluvial outwash on a large terrace within the St. Croix 
River valley. 

• The estimated volumes of sand and gravel material within this deposit are: (± 20%) 
• ~270 000 cubic yru·ds of sand and gravel to an elevation of 820 feet. 
• ~13 5.000 cubic yards of sand and gravel from 820 to 805 feet in elevation. 
• ~400,000 cubic yards of sand and gravel total (to 805 ft and 4: 1 slope . 

• The overburden thickness is minimal ranging from I to 6 ft (averagjng < 3 ft) except 
in the extreme southwestern portion of the map area where a thicker silty-clay exists. 

• Due to the minimal amount ofoverburden and the thick gravel deposit, the stripping ratio 
is very favorable however is variable due to the elongated-ridge shape of the deposit. 
• 1: JO (820 elevation), I: 15 (805 elevation) however are vru·iable-due to ridge. 

• The water table was not encountered in the top 50 feet, thus does not pose a problem. 
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• Quality testing showed that the aggregate is ofvery high quality; it meets most of the 
specifications for concrete aggregate and meets all specifications with very little 
blending. The Iron Oxide and Spall(½") in composite #3 are slightly higher than the 
specification, however meet the specifications with blending. 

• With blending and screening the material meets and exceeds the specifications for any 
f the typical sand and gravel products, sucb as those listed on the example price List in 

Appendix B (Aggregate Product and Specification Guide , 
• The gravel content is very high in the upper 21 feet of the deposit ranging from 13 to 

54%, and averaging 38.1 % in the top 10 ft. and 26.9% between 10 and 21 feet in depth . 
• The average percent gravel within the entire deposit is approximately 27%. 
• Geophysical srudies (EM Conductivity) suggest that even coarser material (higher gravel 

% s) exists within the deposit, however it was not drilled or sampled in this srudy. 
• The sand and gravel is generally well rounded and washed, which is ideal for concrete. 
• The estimated total royalty or lease value of d posit (mined to an eJevation of 805 ft): 

• Assuming estimated royalty of $1.00/ cubic yard of aggregate= $400,000 
• Assuming estimated royalty of $0.90/ cubic yard of aggregate = $360,000 
• Assuming estimated royalty of$0.80/ cubic yard of aggregate= $320,000 
• Assuming estimated royalty of $0. 70/ cubic yard of aggregate= $280 000 

• The highest quality material (greatest percent gravel) lies within tl1e upper 21 feet of the 
deposit, thus ifWildlife decides to lease the resource only to an elevation of820 feet the 
highest royalty value should be charged (approximately $1.00-$1.50/cubic yai-d). 
• 270,000 cubic yards * $1.00/cubic yard = $270 000 royalties(± 20%) 

• If Wildlife decides to let Miller mine the sand and gravel to an elevation of 805 where 
the gravel% i rnuch less a lo wer royalty rate could be incorporated for this material. 
• 135,000 cubic yards* $0.70/cubic yard=$ 94 500 royalties (additional·± 20%) 

• If Wildlife decides to lease the entire deposit (to an elevation of 805 feet with 4: 1 post 
mm slopes) the lease value could be set at an intermedjate value ($0.85-$0.90/yards' ). 
• 400,000 cubic yards * $0.85/cubic yard= $340,000 royalties (± 20%) 
• 400,000 cubic yards * $0.90/cubic yard= $360 000 royalties (± 20%) 

• It is th suggestion of the author/geologist to lease the entire deposit (to a depth of 805 
feet, with a post mine slope of I :4) at an intermediate royalty rate of $0.85-$0.90 per 
cubic yard. This would maximize the profits obtained from this resow·ce for Wildlife, 
as well as supply material to Miller Excavating at a more affordable rate. lf the lease 
allows Miller Excavating to mine only to an elevation of 820 feet whlch would remove 
the highest quality aggregate it is less likely (economically) that another company in the 
future could/would set up their equipment to mine the remaining lower quality material 
<135,000 cubic yards). 

• This Study was completed with a > 80% certainty (margin or error± 20%). Although 
drilling gives us a fairly accurate representation of the deposit, variations within the 
deposit may exist that were not encountered. For exampl.e the geophysical study showed 
that coarser (better quality) material exists within the deposit, howeverthls sediment was 
not drilled or tested. Pluvial systems also tend to have more variability within them than 
other deposits. 

• Additional information that could be incorporated into the lease to benefit both parties: 
• Allow Miller to mine a little e>.1ra material (on the adjacent property) on the east 

side of the study area where otherwise a small ridge would be left behind. This 
would improve the esthetics and increase the possibilities for other land uses after 
mining as well as supply Miller with additional material. 

12 
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Appendix A. Field Descriptions of Drill Holes (11 Holes). 

Driller: Gene Tonnanen MNDOT 
Geologist: Jon Ellingson DNR-Minerals 
Dates Drilled: May 13 11, and 14'h , 1998 
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Bayport-Hole #1 
Depth (ft) 
From To Description 
0 5 Sti-ipping-O erburden: si lty clay grading downward to gravel. 
5 8 Coarse Sand and Gravel: cobbly- pebbly- granular-gravel and coarse-grained 

sand most dominant textures clean-washed gravel and sand, "very nice looking 
gravel", approximate! 40% gravel 2mm). nice grain size distribution ofgravel, 
lo\ shale and carbonate content. 

11 oarse and and Gravel: lightly more sru1d than above however is still a cobbly-, 
pebbly-, granular-gravel and coarse-grained sand most dominant textures, clean­
washed gravel and sand, "very nice looking gravel". 

11 15 Coarse Sand and Pebbly Gravel: most material less than 1.5 in, pebbles very 
abundant throughout sandier than above with a gradual increase in the amount of 
sand downward, cobbles are rare but occur. 

21 Coarse Sand and Granules: Clean-washed coarse sand dominates the sediment 
however granules and pebbles occur throughout, occasional cobbles ( <3 in.) 
Occur throughout. 

obble Layer: difficlilt to drill through. several 3 in cobbles and a few very large 
obbles (up to 8 in.), loo] several minutes to penetrate this layer with the drilling 

ng. 
23 26 Medium- to oarse-Grained Sand: Easy cfrilling, coarse-grained sand dominant 

with medium-grajned sand layers pebbles and granules occur throughout 
sediment, occasional cobble. 

Samples Collected: Sample# 13 (5fl-15tl), Snrnple II 14 (15ft-26fl), & Composite# I (51l-26ft), 

Depth (ft 
From To 
0 1.5 
1.5 5 

5 7 

7 10 

10 19.5 

19.5 21 

21 26 

Bayport-Hot #2 

Description 
Stripping-Overbmden: light brown silty clay. 
Coarse Sand and Gravel: clean-washed coarse sand and granules most dominant 
pebbles abundant occasional cobble. 
Coarse Sand and Granules: Easy drilling, clean-washed granules and coarse sand 
dominant, pebbles occur throughout, rarely cobbles (3 inch). 
Granules and Coarse Sand: decrease in the number ofpebbles downward cobbles 
are absent, washed-c lean, most material less than pea sized. 
Coarse Sand and Granules: asy drilling washed cleru1 ccasional pebble and 
cobbles. 
Cobbly Layer: Difficult drilling (5 minutes to penetrate), large and small cobbles 
ranging from 2.5 to 6 inches, mixed with washed-clean coarse sand and granules. 
Fine~ to Medium-Grained Sand: Sand dtills very easily layers and lenses of 
coarse-grained sand and granules, light brown to tan in color, well- to moderately-
sorted pebbles rare, and cobbles absent. 

nm pies Collected: Sample# IO ( l.5fl-l Oft), Sample # 11 (I Ofl-21 ft) , Sample# I 2 (2 lfl-26ft), & Composite 2 ( I.Sfl-26ft). 
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Bayport-Hole #3 
Depth (ft) 
From To Description 
0 1 Stripping-Overburden: black organi c at surface; gravelly & rocky. 
1 5 Coarse and and Gravel: pebbles and granules abundant most material in less 

than 0.5 in. very clean-washed coarse sand and less than pea sized gravel is most 
dominant occasional rounded to well-rounded cobble (usuaJly less than 4-5 in.). 
low carbonate con ent, low shale content approxin1ately 40% gravel (>2111111). 

5 7.5 Coarse and and Gravel: more sand than the above. pebbles and granules 
abundant mos1-material in less han 0.5 in very clea11-washed coarse sand and 
less than pea sized gravel is most dominant, occasional roW1ded to well-rounded 
cobble (usualJy less than 4-5 in.) low carbonate content low shale content. 

7.5 10 Coarse Sand with less Gravel: more sand than the above sand is coarsening 
d wnward a decrease in the number of pebbles and granules downward, most 
material in less than 0.5 i11 very clean-washed coarse sand and Jess than pea sized 
gravel is most dominant occasional rounded to well-rotmded cobble (usually less 
than 4-5 in.), low carbonate content, low shale content. 

10 15 Coarse Sand and Granules: clean-washed coarse sand and granules with sorn 
coarser gravel, most gravel is less than 1.5 in. occasional pebbles and cobbles-
ub-rounded to rmmded, low carbonate and shale content. 

15 21 Coarse Sand and Granules: clean-washed coarse sand and granules, with some 
coarser gravel, most gravel is less than 1.5 in., occasional pebbles and cobbles 
decrease in the amount of coarse gravel downward-gradation, granules most 
abundant form of gravel, low casbonate and shale content. 

21 37 Coarse Sand with some Fine-Gravel: Increase in coars sand downward as well 
as a decrease in the amount of gravel downward-gradational, medium-grained 
sand layers and 1.enses(thin· <6 inches), occasional to rare pebbles and cobbles 
well sorted sand. 

37 38 Cobbly and Pebbly Layer: thin one foot layer ofcoarse material-difficult drilling. 
38 43 oarse Sand with some Fine-Gravel: same material as above the cobble layer, 

coarse sand very prominent medium~grained sand layers and lenses, occasional 
to rare pebbles and cobbles, well sorted sand. 

43 46 Gravelly and Cobbly: very coarse grained material (pebbles and cobbles most 
dominant) difficult to drill through, coarse sand and granules very abundant 
occasional clay balls and sand layers. 

Samples Collected: Sample II I I fi-1 OJ\). Sample #2 ( I Ofi-21 f\), Sample #3 (21 ft-46tl). & Composite #3 ( 1 ft:-46ft) . 

Bayport-Hole #4 
Depth (ft) 
From To Description 
0 2.5 Stripping-Overburden: topsoil-black, organic grading to silty clay. 
2.5 10 Gravel: Granules and pebbles are ve1y abundant with thin cobbly layers 

tluoughout >40% gravel most material less than 2 inches in diameter. ver nice 
gravel. nice gradation spread, coarse sand occurs llu-oughout with very little 
meditU11- to fine-grained sand. 

18 



Bayport-Hole #4 (Co11linued) 
Depth (ft) 
From To Description 
10 15 Coarse Sand and Gravel: washed-clean pebbles granules cobbles and coarse 

sand pebbles 1-1.5 in) are the most dominant gravel size along with granules, 
however coarse sand dominates the sediment less than 30% gravel, low to no 
shale low carbonate content. 

15 21 Coarse Sand and Granules: sandier than above, less gravel occasional small 
cobble and rarely a large cobble, granules very abundant, no shal low carbonate. 

2 1 0 Coarse Sand and Granule : the amount ofgravel is decreasing downward, ·obbles 
and pebbles are rare if not absent 

30 31 Gravely Cobbly Layer: Pebbles and mall cobbles domfoant with ne larger 
cobble (5 in . 

Samples ollected : amp!~ 1/.4 (2.Sfi-1 Oil), Swnple #5 ( I Ofl-21 fl), , ample #6 (21 fl-31 fl), & ompusitc #4 ( I .5fl-261l). 

Bayport-Hole #5 
Depth (ft) 
From To Description 
0 6 tTipping-O erburden: silty clay, increase in gravel downward . 
6 10 Pebbly Gravel and Coarse Sand: granules and pebble ver ab undant with 

cobbles occurring occasionally the ediment is well r unded and most of the 
gravel is between 0.5 - 0.75 inches the sand is a little finer than in holes 3 & 4, 
no shale, little limestone. 

10 15 Coarse Sand and Gravel: pebbles and granules very abundant most gravel was 0.5 
to 0. 75 inches in diameter washed coarse sand, cobbles occuning occasionally 
pebbles are well rounded no shale was fOLmd, rarely carbonates. 

1 21 Coarse Sand and Gravel: decrease in th an1ount ofgranules downward (less than 
above), pebbles ar very abundant, wilh cobbles occurring occasionally washed­
clean coarse sand. 

21 25 Gravel and Coarse Sand: same as abov with the amount f gravel decreasing 
downward. 

25 38 Medium- to Coarse-Grained Sand and Granules: smooth, easy drilling; fine-, 
medium- and coarse-grained sand with granules throughout, well sorted sand 
light brown to tan in color pebble, clay and silt layers are present but rare. 

38 40 Gravel and Cobbles: Thin 1-2 foot layer of pebbles, small cobbles and large 
cobbles with a sand matrix, rough drilling. 

40 46 Medium- to Coarse-Grained Sand and Granules: smooth easy drilling; gravel and 
cobble occur throughout coarsening sequence downward· coarse and and 
granular gravel gradually become more dominant downward. 

Som pies Collected: Sample 117 (6ll-l Ofi), Sample #8 (IOft-21 fl) , Sample lt9 (21 ft-46ft). &. ompositei/5 6ft-4 I\ . 
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Bayport-Hole #6 
Depth (ft) 
From To Description 
0 4 Stripping-Overburden: black topsoil over silty clay. 
4 5 Cobbles, Gravel and Coarse Sand: washed-clean coarse sand and granules are 

most prominent with abundant cobbles throughout(Stonn Delay- Rain, Lighting­
! hr.). 

5 10 oarse and and Granules: washed-clean coarse sand and granules with pebbles 
occasionally occurring and rarely cobbles, low limestone, no shale 25% gravel. 

lO 15 Coarse Sand and Granules: washed-clean granules and coarse sand with pebbles 
scattered throughout cobbles are rare but occur, approximately 25% gravel. 

15 2 1 Granules and Coarse Sand: washed-clean granules and coarse sand with the 
amount of pebbles increasing downward coaTser than above sediment rounded 
to well-rounded cobbles occur Llu-oughout. 

1 41 Medium- to Coarse-Grained Sand and Granules: smooth easy drilling· fine-, 
medium- and coarse-grained sand, with granules throughout, rnoderat ly to well 
orted sand, light brown to tan in olor pebble. clay. and silt layers are present 

but rare, not mucb gra el. 
41 42 Gravel and Cobbles: Thin 1 fo llayer ofpebbles small cobbles, and large cobbles 

with a sand matri , rough drilling. 
42 46 Mediwn- to Coarse-Grained Sand and Granules: same as above cobble layer, 

smooth, easy drilling; fine-, medium- and coarse-grained sand, with granules 
throughout, moderately to well sorted sand light brown to tan in color pebble 
clay, and silt layers are present but rare not much gra el. 

Sa rnr>lcs ollcctetl: ample 115 (41\-I0ft), ample# 16 ( I 011-2 1 ll), Sample# 17 (21 fi-46fl), & Composite f/6 (41l-46fl), 

Bayport-Hole #7 
Depth (ft) 
From To Description 
0 3.5 Stripping-Overburden: black topsoil and silty clay; layered. 
3.5 10 Gravel and Coarse Sand: approximately 40% gravel, pebbles and granules are 

very abundant with occasional cobbles most gravel is less than 1.25 inches in 
diameter washed-clean coarse sand makes up the remaining 60 % of the 
sediment, no shale found little limestone. 

10 15 Gravel and Coarse Sand: a little less gravel than above pebbles and granules are 
ve1 abundant with occa ional cobbles. most gravel is less than 1 inch in diameter, 
washed-clean coarse sand makes up the remainder of the sediment. no shale 
found, little limestone. 

15 21 Gravel and Coarse Sand: still approximately 35-40% gravel however more 
granules and less pebbles occur downward the coarse sand is washed-clean and 
wel I sorted. 

21 Medium- to Coarse-Grained Sand and Granules: abundant pebbles are scattered 
throughout the secliment with cobbles occurring occasimrnlly. 

Samrles Co llected: ·ample /1- 18 (3 .511-1 0fi). nmple #19 ( I 0ft-21 Ii). a111ple #20 (21 ft-31 ft), & Compo ·i1e #7 (3.5ft-3 I ft) . 
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Bayport-Hole #8 
Depth (ft 
From To Description 
0 2 tripping-Overburden: silty clay layers, 
2 4 Gravel and oarse Sand: •Yell-rounded pebbles and small cobbles very abundant, 

occasional medium sized cobble (<4.5 inches), approximately 40% gravel the 
sediment is dominated by coarse sand and granules, low limestone and no shale 
found . 

4 11 Coarse Sand and Gravel : clean-washed coarse sand and granules are most 
prominent pebbles and cobbles are very abundant a cobble layer encountered 
from 6 to 7 feet. 

11 15 oarse Sand and Grav 1: clean-washed coarse sand and granules dominate 
sediment, pebbles occur tlu-oughout but less than ab ve. less cobbles than above 
but sti 11 presenr decreasing in size and abundance downward) , cobbles becoming 
rare to absent near base occasion layer of small and medium sized cobbles ( < 5 
inches) most gravel is Jess than 1.5 inches. 

21 36 Coarse Sand and Granules: easy drilling, no cobbles encountered washed-clean 
coarse sru1d and granules dominate sediment some medium-grained sand layers 
and lenses less than 25% gravel occasional pebbles and rarely a cobble towards 
the bottom, thin layers < 1 ft .) of gravel occur where pebbles are abundant. 

Samples Co llected: ample #2 1 (2fl-l Oft), Sample #22 ( I Ofl-21 n) Sample #23 (2 1 ft-36fl), & Composite #8 (2ft-36ft) . 

Bayport-Hole #9 
Depth ft) 
From To Description 
0 1.5 Stripping-Overburden: black Lopsoil over silty clay· layered. 
1.5 13 Gravel and Coarse Sand: nice spread out (grain size) gravel gravel percent 

approximately 40-45% washed-clean coarse sand, granules, abundant pebbles, 
occasional cobbles and cobble layers, this as a very nice gravel no shale found, 
low carbonate %. 

13 21 Gravel and Coarse Sand: washed-clean coarse sand and granules are dominant, 
abundant pebbles. cobbles and cobble layers occur but are rare. the amount of 
gravel decreases downwai-d pebbles are smaller and fewer than above ( <1.25 u1). 

21 25 Coars Sand and Granules: washed-clean sediment, the an1ount of gravel is 
decreasing downward occasionally pebbles and pebble layers occur cobbles rare, 
similar to above, just less gravel. 

25 29 Medium- and Coarse-Grained Sand: well-sorted medium grained sand, tan to 
light brown in color, coarse-grained sand present throughout, as well as in layers 
and lenses rarely pebbles and pebbly layers ve1y little gravel, decrease in gravel 
downward. 

29 31 Gravely Cobbly Layer: pebbles and small and medium sized cobbles dominant. 
.., l 46 Medium- and Coarse-Grained Sand: similar to above cobble layer well-sorted 

medium grained sand tan to light br wn in color, coarse-grain d sand present 
tlll'oughout as well as in layers and lenses rarely p bbles and pebbly layers very 
little gravel, decrease in gravel downward. 

Samples Collected: Sample #30 (l .5fl-l Oft , Sample f/31 (1 Oft-2 1 ft), Samp le #32 (2 1 ~-4 fl). mposite #9 (l .5fl-4Gft) , 
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Bayport-Roi #10 
Depth (ft) 
F.-om To Description 
0 I Stripping-Overburden: black silty topsoil . 
1 5 Gravel and Coarse Sand: washed-clean sediment, nice spread out gravel 

distribution, granules abundant pebbles abundant. occasional cobble. 
approximately 30 % gravel, coarse-grained sand is prominent sediment. 

5 IO Gravel and Coarse Sand: simi.lar to above with less gravel washed-clean 
sediment spread out gravel distribution granules abundant pebbles abundant, 
occasional cobble ( less than above), coarse-grained sand is prominent sediment. 

10 21 Gravel and Coarse Sand: decrease in gravel% downward, still a very nice gravel, 
washed-clean sediment spread out gravel distribution granules abundant 
pebbles abundant occasional small cobble ( less than above) coarse-grained sand 
is prominent sediment. 

21 29 Coarse Sand and Granules: easy drilling tlu·ough coarse sand and fine-gravel 
clean-wasl1ed, granules very abundant pebbles tlu·oughout occasional cobble 
nice gravel, little sandy. 

29 32 Gravelly Cobbly Layer: Layer of small and medium sized cobbles with a pebbly 
gravel matrix took 5 minutes to drill through-tough drilling. 

32 36 Medium- and Coarse-Grained Sand: well-sorted medium grained sand tan to 
light br wn in color, coarse-grained sand present throughout as well as in layers 
and lenses rarely pebbles and pebbly layers, very little grav I. 

S11mple Collected: Sample 1127 ( I 11-10ft), Sample #28 ( I 0ft-21 ft . Sample #29 (2 1fl-36fl), & Composite J/-2 ( I fl-36ft). 

Bayport-Hole #11 
Depth (ft) 
From To Description 
0 1 Stripping-Overburden: black topsoil; very thin. 

5 Gravel and Coarse Sand: very nice gravel, appr ximately 40% gravel content, no 
sl,ale detected, low carbonate % washed-clean coarse sand and granule very 
ablmdant, pebbles abundant, cobble layers occm tlu-oughouL 

s JO Gravel and Coarse Sand: nice gravel , similar to above with a decrease in gravel 
percent downward approximately 30-35% gravel content, no shale detected, low 
carbonate percent, washed-clean coarse sand and granules very abundant, pebbles 
abundant, cobbles layers occur throughout. 

10 16 Granules and Coarse Sand: washed-clean coarse sand and granules dominate to 
sediment, occasional layer of pebbles most pebbles are less than 1.25 inches 
cobbles occtu- throughout as well as in thin layers. 

16 17.5 obble Layer: thin layer of coarse material, mostl pebbles and cobbles (<4 
inches), matri • consists of similar sediment to above. 

17.5 27 Granules and Coarse Sru1d: similar sediment to what was above the cobble layer 
washed-clean coarse sand and granules dominate to sediment, occasional layer of 
pebbles, most pebbles are less than 1.25 inches cobbles occw- throughout as well 
as in thin layers 
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Bayport-Hole #11 (Co11tin11ecl) 
Depth (ft) 
From To Description 
27 30 Gravelly Cobbly Layer: Layer of small and medium sized cobbles with a pebbly 

gravel matrix difficult drilling. 
30 46 Medium- and Coarse-Grained Sand: weJl-sorted medium grained sand, tan to 

light brown in color coarse-grained sand present throughout, as well as in layers 
and lenses, rarely pebbles and pebbly layers very little gravel. 

Samples Co llected: Sample #24 (I ft-J Oft), Sample #25 ( IOft-2 lfl ). Sarnp le #26 (2 l ft-46ft), & Composite# 11 ( I ft-46fl) . 
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Appendix B. Aggregate Product and Specification Guide. 
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A Aggregate Product And Specification Guide 
S hiely Division 

S.AND - (Percent Passing) CAMAS 
~ t ,, E~( I~- ,ru~0111 ,,11 1,1 11, •II ,1... ,r !,!llt1IL" 1~11\ 

~ "A~l .t \S \ ""4o' l\li..~ 1,,)111,,~111.10,..::~ ...111 .1-.-..l <t, I 

) IHJ Vil "111'.'\1111. (ll1-'d1-..1 11 1h.i t11.il!111l 

• E:i.,1 
l .:,k,·villl- 511KI 11\llt lt :SI 

Stuh.1, ( 11,Hd~ lt!llfJanU1 L::ikev~Je ~ Masom vSa110 100 95-100 70-100 40-75 10-35 W.ccydi,,':d IJ.L'\t.'.Lakt.11ll1!Wi::st. SI P;uJI. Elk 111\lt!t 
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~;~~ ~•~~~-~-I lhlJ 
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S;111cl, ll l j\'d ~ 6 ,l11t1 IMlU~ M11:~L1mesI011e Santl (Manulaclured) 100 70•90 0·6 La1so11 Stl.tkt~lt.:11! lfr,~~k,I ll""' 
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-------+--+ ----+-----¾----1----+---- + ----+---+--- +----l 
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30-60 0· 12 

II 

/ISlM C-33 6elJLl<i,U, La11 °"""plnU St. Paul, M~ . Bk R1,., 

MN 001 3137 t:om;rere, lledomq, lllkelaod, .....,111: !.151, 
J;A ,50, Jl49 2.11 L• nd!!tllpjll~, lok..,lloW..1, M.1ploG1t"1,, 

l-------------ll---+----1----1-----1-----+----l----l----4---+ - --+---- /\SIM C JJ eo.,.. Fill<i Sl.f>aul, M ' Elli»~..- MNoor ~.,~2=1=FA--4-1-..;c;=c.;..;..;;,;...____+-======'--- --I 
~67 Gravel (1" to 1/4") 

~7 Gravel (518" to #4) 
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-- ---
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1998 
Contractor Price List 

Prices Effective January 1, 1998 

Sales: 612·683-0600 

Product delivery: 612-423-7004 

Minnesota WATS Line: 1·800·338·3943 

CAMAS 
Shiely Division 

2915 Waters Road, Suite 105 
Eagan, Minnesota 55121 

Supplying Quality Aggregates Since 1914 

PRODUCTS F.O.8. SHIELY LOCATIONS • ALL PRICES PER TON - 2,000 POUNDS 

ELK EAST WEST MAPLE NELSON LARSON 
SAND No moisture deductions ST PAUL MPLS RIVER LAKELAND LAKEVILLE LAKEVILLE GROVE Grey Cloud Grey Cloud SHAKOPEE 

Mason,v 7.55 8.25 6.50 7.60 7.15 7.50 
Micro Flne 10.50 
Concre1e 6.05 6.50 2.05 4.10 2.65 4.30 4.40 4.25 
FIii 3.65 4.15 1.80 2.40 1.70 2.80 3.25 2.60 
Salted Sand /Ice Controll 16.15 16.15 16.15 
Saletv Grit I lea Control Rock 5.70 2.75 
Fine Aller Aaareaate 7.85 6.80 7.45 

E·· 
4 Gravel (1-112· to 3/4') 10.70 11.30 7.85 10.35 9.15 10.25 10.40 10.40 
1-112" Roollna Ballast 11 .50 11.40 12.00 
67 Gravel (1' lo 1/4") 10.70 11 .30 8.05 10.35 11.40 10.40 10.40 
7 Gravel (518' 10 1/4") 12.25 13.25 12.25 12.25 
6 Gravel (1· to #8) 10.15 9.15 10.05 
CA-8 Gravel (3/8" lo #8) 8.10 8.85 9.50 9.70 9.75 9.10 7.10 
89 Gravel 1112· lo #Bl 9.95 
3/4" Sand & Gravel Mix (50/50) 9.25 8.40 8.05 8.05 a.so 
Gablon (Call Cllv Desk 1or sizlnal 30.00 30.00 30.00 30.00 13.50 

. ,~_.-..,(I.. . ,■ !ft 

2 Key (4" 10 1-1/2") 7.70 7.70 
CA·3 /1-112" lo 314") 8.65 9.15 16.65 16.65 16.65 7.20 
67 Kev (3/4" to 1/4") 10.00 10.55 16.65 16.65 16.65 7.20 
6Kev 11" lo #Bl 10.00 
B Kev (3/B" - #16l 8.50 
89 Kev (112" to #Bl 8.50 
3" Minus (Stablllzina Base\ 5.80 
1-1/2" Minus (Class 5 Modified) 5.35 5.35 5.00 
Class 5 • 100% Crushed 5.45 6.05 10.25 9.75 9.75 10.50 5.45 5.10 
Class 2 ShoulderinQ 5.60 
3/8" Minus 4.85 

Rec Rook /Ball Fields\ 7.20 
Aalime 7.00 7.60 8.80 8.25 
Manulactured Sand 5.75 5.75 
Flller Blanket for RIP Rap 8.35 8.05 
Rip Rap 1 • 111 11.00 n.oo 
Rip Rao IV · V 11 .75 11.75 
Class s Recvcted Concre1e & Bilurninous 4.35 4.55 4.55 4.55 4.25 

Class 5 Sand and Gravel 3.15 
LANDSCAPE & MISC AGGEGATES 
Red # Limestone 37.00 37.00 37.00 
Grav # Granlte 37.00 
Gray # Trap Rock 37.00 37.00 37.00 

TERMS: A 2% discount is allowed on materials only if paid within 15 days of the date on the weekly invoice. Net 30 days. The above 
prices are based on availability and are subject to change without notice. 

TAXES: Add $0.07 per ton to the above prices for the State Aggregate Tax. Add Minnesota State sales taxes of 6 1/2 % and an 
additional 1/2% sales tax when purchasing materials in Minneapolis and St. Paul. 

WINTER HEATING CHARGES: MAPLE GROVE, MINNEAPOLIS and ST. PAUL · $5.65/ton. EAST LAKEVILLE· 5.15/ton. 



Appendix C. Geophysical Data Summarized 

Geophysical Study #1 ! Preliminary Study of the Baypmt Site - Reconnaissance Study 
• Consisted of 5 randomly placed lines and 46 stations 
• Station axe displayed as plus signs n the graphical representations 

Geophysical Study #2~ Final Study of the Bayport Site - Final Detailed Study 
• Consisted ofa 20 meter grid pattern with 8 lines and 83 stations 
• tations are displayed as stars on the graphical representations 

• The darker shades onthe graphical representation ofthe geophysical study represent areas 
of lower conductivities (coarser material- more gravel). 

• The black dots represent test h le locations. 

• The horizontal dipole represents the near surface sediment. 

• The vertical dipole represents the deeper material. 
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Geophysical Study #1: Preliminary Study of the Bayport Site (Electromagnetic Conductivity) 

Line 
Number 

Station 
Number 

Station 
ID 

X-Coord. 
UTM (m) 

Y-Coord. 
UTM (m) 

Horizontal 
Reading (volts) 

Horizontal 
{mS/m) 

Vertical 
Reading (volts) 

Vertical 
(mS/m) 

1 1 L1S1 516483.5 4983719.1 -0.26 2.6 -0.228 2.28 
1 2 L1S2 516503.6 4983716.2 -0.226 2,26 -0.216 2.16 
1 3 L1S3 516523.4 4983714.0 -0.329 3.29 -0.17 1.7 
1 4 L1S4 516543.5 4983711 .1 -0.158 1.58 -0,042 0.42 
1 5 L1S5 516563.2 4983708.4 -0.166 1.66 -0.186 1.86 
1 6 L1L6 516583.4 4983705.9 -0.151 1.51 -0.087 0.87 
1 7 L1S7 516603.7 4983703,0 -0.12 1.2 -0.153 1.53 
1 8 L 1S8 516623.4 4983706.5 -0.124 1.24 -0.137 1.37 
1 9 L1S9 516643.2 4983713.3 -0.224 2.24 
2 1 L2S1 516483.5 4983697.8 -0 .316 3.16 -0.183 1.83 
2 2 L2S2 516503.8 4983694.7 -0.284 2.84 -0.131 1.31 
2 3 L2S3 516523.4 4983691 .8 -0.203 2.03 -0.153 1,53 
2 4 L2S4 516543.3 4983688.9 -0.156 1.56 -0.1 8 1.8 
2 5 L2S5 516563.4 4983686.0 -0.1 1 -0.142 1.42 
2 6 L2S6 516583..7 4983682.9 -0.155 1.55 -0.12 1.2 
2 7 L2S7 516603.3 4983680.0 -0.15 1.5 -0.07 0.7 
2 8 L2S8 516622.8 4983673.6 -0.135 1.35 -0.136 1.36 
2 9 L2S9 516640.8 4983665.1 -0.1 65 1.65 -0.068 0.68 
2 10 L2S10 516656.9 4983657.1 -0.142 1.42 -0.074 0.74 
2 11 L2S11 516675.0 4983648.8 -0.169 1.69 -0.096 0.96 
3 1 L3S1 516676.6 4983633.5 -0.149 1.49 -0.142 1.42 
3 2 L3S2 516656.1 4983637.4 -0.157 1.57 -0.115 1.15 
3 3 L3S3 516636.0 4983638.9 -0.164 1.64 -0.114 1.14 
3 4 L3S4 516616.1 4983637.2 -0.173 1.73 -0.119 1.19 
3 5 L3S5 516596.1 4983635.3 -0.157 1.57 -0.165 1.65 
3 6 L3S6 516576.0 4983633.7 -0.189 1.89 -0.186 1.86 
3 7 L3S7 516555.7 4983631 .8 -0.227 2.27 -0.198 1.98 
3 8 L3S8 516536.3 4983630.2 -0.255 2.55 -0.116 1.16 
3 9 L3S9 516516.4 4983628.5 -0.233 2.33 -0.198 1.98 
3 10 L3S10 516496.3 4983626.6 -0.221 2.21 -0.26 2.6 
3 11 L3S11 516476.3 4983624.1 -0.288 2.88 -0.19 1.9 
4 1 L4S1 516484.9 4983604.3 -0.247 2.47 -0.282 2.82 
4 2 L4S2 516504.9 4983603.0 -0.201 2.01 -0.24 2.4 
4 3 L4S3 516525.2 4983601.3 -0.218 2.18 -0.254 2.54 
4 4 L4S4 516545.1 4983604.7 -0.222 2.22 -0.159 1.59 
4 5 L4S5 516565.2 4983609.4 -0.213 2 .13 -0.169 1.69 
4 6 L4S6 516585.0 4983613.6 -0.153 1.53 -0.146 1.46 
4 7 L4S7 516605.3 4983608.1 -0.131 1.31 -0.168 1.68 

4 8 L4S8 516625.2 4983603.0 -0.114 1.14 -0 .113 1.13 
5 1 L5S1 516621.6 4983605.3 -0.117 1.17 -0 .075 0.75 
5 2 L5S2 516616.3 4983624.8 -0 .094 0.94 -0.125 1.25 
5 3 L5S3 516610.7 4983645,4 -0.132 1.32 -0.098 0.98 
5 4 L5S4 516605.2 4983664.7 -0.143 1.43 -0.088 0.88 
5 5 L5S5 516599.9 4983684.7 -0.1 45 1.45 -0.076 0.76 
5 6 L5S6 516594.1 4983705.5 -0.168 1.68 -0.111 1.11 
5 7 L5S7 516589.0 4983724.8 -0.211 2.11 -0.115 1.15 



Geophysical Study #2: Final Study of the Bayport. Site (Electromagnetic Conductivity) 

Line 
Number 

Station 
Number 

Station 
ID 

UTM (m) 
x-coord 

UTM (m) 
y-coord 

Horizontal 
Reading 

Horizontal 
(mS/m) 

Vertical 
Reading 

Vertical 
(mS/m) 

1 1 L1S1 516493 4983736 -0.267 2.67 -0.678 67.8 
1 2 L1S2 516513 4983736 -0.23 2.3 -0.476 47.6 
1 3 L1S3 516533 4983736 -0.12 1.2 -0.421 42.1 
1 4 L1S4 516553 4983736 -0.138 '1.38 -0.439 43.9 
1 5 L1S5 516573 4983736 -0.24 2.4 -0.311 31 .1 
1 6 L1S6 516593 4983736 -0.145 1.45 -0.221 22.·1 
1 7 L1S7 516613 4983736 -0.208 2.08 -0.219 21 .9 
1 8 l1S8 516633 4983736 -0.261 2.61 -0.249 24.9 
1 9 L1S9 516653 4983736 -0.226 2.26 -0.198 19.8 
1 10 L1S10 516673 4983736 -0.168 1.68 -0.186 18.6 
1 11 L1S11 516693 4983736 -0.093 0.93 -0.132 13.2 
2 1 L2S1 516493 4983716 -0.272 2.72 -0.187 18.7 
2 2 L2S2 516513 4983716 -0.248 2.48 -0.664 6.64 
2 3 L2S3 516533 4983716 -0.099 9.9 
2 4 L2S4 516553 4983716 -0.322 3.22 -0.833 8.33 
2 5 L2S5 516573 4983716 -0.11 1.1 -0,259 2.59 
2 6 L2S6 516593 4983716 -0.113 1.13 -0.338 3.38 
2 7 L2S7 516613 4983716 -0.072 0.72 -0.366 3.66 
2 8 L2S8 516633 4983716 -0.174 1.74 -0.214 2.14 
2 9 L2S9 516653 4983716 -0.238 2.38 -0.013 0.13 
2 10 L2S10 516673 4983716 -0.117 1,17 -0.347 3.47 
2 11 L2S11 516693 4983716 -0.067 0.67 -0.328 3.28 
3 1 L3S1 516493 4983696 -0.374 3.74 -0,105 10.5 
3 2 L3S2 516513 4983696 -0.291 2.91 -0.383 3.83 
3 3 L3S3 516533 4983696 -0.191 1.91 -0.343 3.43 
3 4 L3S4 516553 4983696 -0.145 1.46 -0 .269 2 .59 
3 5 L3S5 516573 4983696 -0.132 1.32 -0 .219 2.19 
3 6 L3S6 516593 4983696 -0.118 1.18 -0.171 1.71 
3 7 L3S7 516613 4983696 -0.126 1.26 -0.202 2.02 
3 8 L3S8 516633 4983696 -0.121 1.21 -0.218 2.18 
3 9 L3S9 516653 4983696 -0.156 1.56 -0.129 1.29 
3 10 L3S10 516673 4983696 -0.206 2.06 -0.169 1.69 
3 11 L3S11 516693 4983696 -0.224 2.24 -0.172 1.72 
4 1 L4S1 516493 4983676 -0.244 2.44 -0.309 30 .9 
4 2 L4S2 516513 4983676 -0.282 2.82 -0.32 3.2 
4 3 L4S3 516533 4983676 -0.214 2. 14 -0.242 2.42 
4 4 L4S4 516553 4983676 -0.184 1.84 -0,212 2.12 
4 5 L4S5 516573 4983676 -0.188 1.88 -0.2 2 
4 6 L4S6 516593 4983676 -0.161 1.61 -0.126 1.26 
4 7 L4S7 516613 4983676 -0.173 1.73 -0.14 1.4 
4 8 L4S8 516633 4983676 -0 .196 1.96 -0.136 1.36 
4 9 L4S9 516653 4983676 -0 .145 1.45 -0.061 0.61 
4 10 L4S10 516673 4983676 -0.105 1.05 -0.167 1.67 
4 11 L4S11 516693 4983676 -0.046 0.46 -0.186 1,86 
5 11 L5S11 516693 4983656 -0 .07 0.7 -0, 171 1.71 
5 10 L5S10 516673 4983656 -0.204 2.04 -0 .131 1.31 
5 9 L5S9 516653 4983656 -0.178 1.78 -0 .084 0.84 
5 8 L5S8 516633 4983656 -0.186 1.86 -0 .112 1.12 



5 7 L5S7 516613 4983656 -0.146 1.46 -0.091 0.91 
5 6 L5S6 516593 4983656 -0.157 1.57 -0.12 1.2 
5 5 L5S5 516573 4983656 -0.132 1.32 -0.204 2.04 
5 4 L5S4 516553 4983656 -0.2 2 -0.207 2.07 
5 3 L5S3 516533 4983656 -0.243 2.43 -0.124 1.24 
5 2 L5S2 516513 4983656 -0.297 2.97 -0 .284 2.84 
5 1 L5S1 516493 4983656 -0.285 2.85 -0 .736 7.36 
6 1 L6S1 516493 4983636 -0.416 4.16 -0.115 11 .5 
6 2 L6S2 516513 4983636 -0.335 3.35 -0.334 3.34 
6 3 L6S3 516533 4983636 -0.266 2.66 -0.191 1.91 
6 4 L6S4 516553 4983636 -0.247 2.47 -0.237 2.37 
6 5 L6S5 516573 4983636 -0.183 1,83 -0.195 1.95 
6 6 L6S6 516593 4983636 -0.198 1.98 -0.165 1.65 
6 7 L6S7 516613 4983636 -0.143 1.43 -0.117 1.17 
6 8 L6S8 516633 4983636 -0.148 1.48 -0.139 1.39 
6 9 L6S9 516653 4983636 -0.116 1.16 -0.106 1.06 
6 10 L6S10 516673 4983636 -0.093 0.93 -0.137 1.37 
6 11 L6S11 516693 4983636 -0.104 1.04 -0.179 1.79 
7 11 L7S11 516693 4983616 -0.233 2.33 -0.188 18.8 
7 10 L7S10 516673 4983616 -0.107 1.07 -0.179 1.79 
7 9 L7S9 516653 4983616 -0.114 1.14 -0.05 0.5 
7 8 L7S8 516633 4983616 -0.124 1-24 -0.125 1.25 
7 7 L7S7 516613 4983616 -0.142 1.42 -0 .104 1.04 
7 6 L7S6 516593 4983616 -0.134 1.34 -0 .194 1.94 
7 5 L7S5 516573 4983616 -0.199 1.99 -0.24 2.4 
7 4 L7S4 516553 4983616 -0.24 2.4 -0.147 1.47 
7 3 L7S3 516533 4983616 -0.255 2.55 -0.222 2.22 
7 2 L7S2 516513 4983616 -0.233 2.33 -0.375 3.75 
7 1 L7S1 516493 4983616 -0.275 2.75 -0.101 1.01 
8 1 L8S1 516493 4983596 -0,365 3 65 -0.917 9.17 
8 2 L8S2 516513 4983596 -0.313 3.13 -0.432 4.32 
8 3 L8S3 516533 4983596 -0.233 2.33 -0.306 3.06 
8 4 L8S4 516553 4983596 -0.3 3 -0.184 1.84 
8 5 L8S5 516573 4983596 -0.252 2.52 -0.229 229 
8 6 L8S6 516593 4983596 -0.22 2.2 -0.181 1.81 
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Geophysical Study #1: Vertical Conductivity (mS/m) 
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Geopnys1ca1 ~tudy #'L: Horizontal Gonductivity (mS/m) 

* * * * * * 
it • •• 



Geophysical Study #'2.: vertical conductivity (mS/m) 
•The data gathered along the North and West Edges of the map is void due to interference caused by a fence constructed after study #1 . 

* * * * * * * * * * * 

* * * * 

* 
* 
* 
* 

* 
* * • •* * * * 

• 


	1.pdf
	2



