










Appendix 3: MDT Bore Samples 
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r ~1rc;v-~ 
~ MONTANAc~C:...~~ 

OF TRAN ~Rr~ LOG OF BORING 
Geotechnical Section r r-----------------------------------------------------------.------------------------ ' 

I Project Number. BR 2-1 (34 )2 ] ~ Project Name: Tongue River - Miles City (3989MJ 

Borehole Location: 

Drilling Equipment· 

Dnlling Fluid: 

Sta. 71+93.83, 3.0m Lt. of_Proj. Centerline 

CS 2000 HT I T~~"''"· Automatic 

~!..~:- · ..... ~ .. ~·~· (nvn): 203 

~~~ 3-30-03 I Sheet 1 of _ ~ r-
Driller: D. A,1;.1 .., .. ,,y logger. P. McCann f ~ 

1 i;;d~ Ground: 719.71 casing: 
Date Started: 5-13-03 Date Finished: 5-'@.-~ ~~ 1 

Legal Description: 08N47E33CBA. Stationing, offset~~ ~· 
elevation provided by District Survey. Y == 4464 :,.. I~ 
4090.6776. X and Y based on local Project vvvo"dir.o,tJli?~ f-
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f z z 
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~ ~& F <i5 01- z 

li ~w._ w ZtJJ 
0 I ~ 1-WUJ 

~ 
IJJO.I- >-a: 
SPT 0 

~ 
1-z w 

"" t::: z ... :::!: 0 ~ :::; 
(.) :::; 
w (.) 

0:: 0 i= 
::J 5 ~ ... 0 IJ) :::; 
5 0. 

:::!: _l.h_ £1.. 

Notes: 

(!) 
g 
(.) 

x 
0. 

& 
(!) 

MATER.IAL DESCR.lPllON 
g 
::c ... 
Q. 
w 
0 

~~-~A\~-SP1H~A\L~T~~~-~~illm~~~-------Jf~·2 
FILL •• ~~~~e_l. some ~a~d. fine to coarse. 
angular to subrounded, damp, brown. A-1 

2-2-2 8 

2-1-2 22 - · I NP 

1-1-5 17 - - NP 

t:-1y+:7==-ot---:4--=-=-s.5--i--t-:6:-t--t--l · · · ·. 

II\ I'· .<' 
~r-~-------•--;--4--;-~ 

IX l as 2·2-3 17 -· NP ) .: 

· ..... : 
.• 

. ·· 
4-3·2 19 

FILL, sand, some to trace gravel, fine to 
coarse, angular to subrounded. damp, brown 
and tan, very loose, occasional coal 
fragments. A-1 

Sandy SIL 1, trace gravel, trace organics, 
damp to moist, brown and light brown. very 
loose, occasional layers of fine light brown 
sand. A-4 

t­

l-0.9 

f2.3 

!=3.5 
S~ND, trace !:!ravel. fine to coarse, angular to 
subrounded, damp to wet, mixed mineralogy, 
loose, occasional coal fragments. occasional 1-
cobbles, frequent fragments of red, thermally 
altered shale. A-1-b ¥ 

9r~velly ?~NO, fine to coarse. subangular to 
subrounded, wet, mixed mineralogy, loose. 
Gravel is fine to medium. subangular to 
subrounded, mixed lithologies. A-1-b 

l'c­

t-

F6 . 

-

~t~~--~~--~~-~-+-4~~~~~--~~~~~~~~~~-6 
1 A: IYI38 3-7-11 19 It_ -:_~ GRAVEL,sometotracesand,somesilt.fine 

~ 

R.EMAAJ<$ §: ( 
i 

~ I 

f 0.. I 
UJ I 

0 

I Hollow st~~~ I with finger -

\ -
-

I 

~ 

-:. -. . -
-

~ I/\ I• ~· angular to subrounded, wet, gray, ~. 1 f-' r-~~-L~~~~~----~~~~~~~\medlumden~ A~ Jr=~-------&1 
~ Bottom of Hole Elev. == 711 .6m. 

I 
~~~~~~~~a=~r----~~~~~--~ I' 01 (II r~r lXI Split ~ p WATER LEVEL OBSERVATIONS 

~ Types:· ~ ~=~ I =Y I[] v:::~r While Drilling S/. 4.7 m UponCo~etion of Drilling 

g [] :;ncer ~ Bulk ~ Special lime Mer Drilling 
~ Barrel Sample ~ Samplers Depth To Water (m) 

g fQJ ~eng ~~e ~ Testpit Remarks: 
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·~P.r . 

~ 11 
MONTANA DEPARTMENT . 

LOG OF BORING OF TRANSPORTATION 

Jetton ... Geotechnical Section 
~ ~ Tongue River- Miles City (3989M) I Project Number. BR 2-1(34)2. 

~ ~~~- ~~~~ I Sheet ~Location: Sta. 71+43.91, 3.2m Lt. or Proj. Centerline 3-31-03 1 or .1 
;Cann~ ~,_, .. CS 2000 HT ~~ Automatic Driller: D. rv•dyut:uy Logger: P.McCann ~~ ~ . 

i ~~~ (mm): 203 Date Started: 5-14-03 5-14-03 ll)i5n9 Aoid: Date Finished: 

~ ~ Ground: 720.15 casing: 
Notes: Legal Description: 08N47E33CBA. Stationing, offset and 1.877~.~~( ~~~- elevation provided by District Survey. Y = 4444.0438, X = 

ordinates. e 4045.3203. X and Y based on local Pro~ect coordinates. i'i 

1~1 
¥ 

.... z 
§ z w .... ~ .... .. 

~ 
0 c z 1- ~ - a. 

~ ot= j:: 0 :E ::::; C) 
~ ~~ u ::::; 0 g 

I II 
w :2 >- iii w 0: g 1-

I~ 
~ ~ ~Iii .... m 0: 0 t= 0 §: QCl •" :J z 

~ 
5 ~ x MATERIAL DESCRIPTION REMARKS ww 

~ 
zcn 

:X: 
~ ... ""l en 

1-WW 0 a 
~ 

en w 0:0 (I)Q. f- i'i ::::; a.. 1-w 
~ offi 6 a.. 0: 

SPT Ll Pl w a. ua.. 0 ::E C) 
0 

iotlow stenia: ;.. A.SPHAL T oavement. r :o.2 I HollOW stem augers 
vith linger bi FI~L. sandy_ ~~~~.fine to coarse, angular to with linger bit 

J, brown. A-1 
to.8 

D< 
1'60 4-5-3 6 FILL, sand, some to trace gravel, fine to 

coarse, angular to subrounded, damp, r-
~ reddish brown and brown, loose. occasional - 20 3-3-4 5 coal fragments, frequent fragments or red, 1-

LL X thermally altered shale. A-1 

-
:2. 

IX 165 3-3-3 25 34 22 ~illy CLAY, trace organics, damp to moist, -
brown, medium plasticity, occasional coal 1-

fragments. A-4 to A-6 -
IX 150 1·1-2 29 28 22 1-

I· 1-
'. r3.s ~ ~ 

'67 1-3·1 28 SAND, trace gravel, fine, subangular to 1-
subrounded, damp to moist, brown and light 

( brown, very loose, occasional layers of fine 
~.6 \brown siltV sand. · A-3 /" 

D< 
150 4-4-4 6 

SAND, trace gravel, fine to coarse. ·.· · .. 
subangular to sub rounded, damp to wet, 1-• .... 

•.·. ·,' mixed mineralogy, loose. A-1-b 
R ,•' 

± 
[X 48 1-J..S 18 

~ 

- NP . ·~ 

: ' 1-

·:,. ·.·· 1-
~ 

:;1.6 

~ ~58 18-30-"26 6 - NP I··.'. Gravelly SANJS. fine to coarse, angular to - subrounded, wet, mixed mineralogy, very 1-
•' . dense, occasional cobbles, occasional coal 

fragments. A-1·a 
1-

'• :·'. 
1:9. lX 45 4-8·9 11 F.i! GRP;~:.~~~ome ~nd,fine·~~F~e; Kts 

medium dense. I t\::--
Bntfnrn ;,n • .tnlo FIP\ = 71 • 1 nm 

)NS ~~~ (JJ Auger ~( lg] sp~a ~ Penetrometer WATER LEVEL OBSERVATIONS 

~ 
Spoon 

illing s~·~ I Shelby ltD] Vane Shear While Drilling ~ 5.5 m Upon ~lion or Drilling ~ 5.5 m NJvancer _ .....- CO!'e ~Bulk [!! Special Time Mer Drilling :.J _ .....- .. Barrel Sampie Samplers Depth To Water (m) 

r-- Drive ~Grab ~ Testpit Remar1<s: 
,../ Casing Sample 

.... SECTION II 
Page 17 of60 



LOG OF BORING 
MONTANA DEPARTJJ 

OF TRANSPORTATJ 

Geotechnical Section 
.---------------------------------------~----------------~·~ 
~~~~ect __ N_ame __ : ____ ~-~~ng~u_e_R_iv_e_r-_M_il_es~C~i~~~(3~98~9~M~)-----------.~~~----~~Pro~~~N~umoo~~r.~B~R~2~- 1~1(~~~~~·~----~· ~~~~~~~ 

. E!orehole I ~ ~ r~~~hcl~e~L~~~oo~n~: __ S~~~.7~0+~93~.83~·~3-~1~m~L~t~.o~f~P~r~~~·TC~en~t=e~rli~n~e ________ -ri N~umbe~~r.~~~3~2~-0~3~------~--L=~==~=1==~~~=2~~~~U 

~~~~~~~~~~~C~S~2~00~0~H~T-------------t~~~~~~A~u~~~~~t~ic~~D~n~·lle~r.~.~D~.~~~ ... u~Jr~~ .. ,r_1 ______ tL~~~~~.~~P~.~M~cC~a~n~n---~( ~·~ 
Drilling Fluid: ~~~· (mm): 203 Date Started: 5-14-03 Date Finished: 5-14-03 I nrillin9 Flu it 

-
-
-

-

-
-

-
-
-

-
-
-

MATERIAL DESCRIPTION 

ASPHALT~ 

35 18-12-22 7 

FI~L.~~ fine to coarse, 
,A_

1 
subrounded, damp, brown. 

FILL. sand, trace.gra~ trace~. fine to 
~~-1------l---1--1~-1--1~~ coarse. subangular to subrounded, damp, 

brown and dark brown, loose to dense. A-1 

rx 

rx 120 3-3~3 7 

LX 
36 2.,3::2 5 

§: 
:I: 
1-
0.. 
w 
0 

:o.2 

r ~-8 
,.... 

~ 

-
,.... 

rx 160 1-1-3 Lfi~~-~-~~-~~~~~~~~~~~~p.o "· 13 28 23 Sandy SILT, trace v•l:la•u~. damp to moist, 

70 1-2=3 

brown and dark brown. very loose to loose. 
A-4 

t>( ,.... 

~~-----~~~~-~~~~----~~~--------~~.3 
· :: SANn:-trace gravel, fine to coarse. 

rx 63 3-4-4 l-,ii-=-:--1---::-,.--.,--t-+ 4-+--+-1 :· _ ·. subangular to subrounded, moist to wet, 
brown, reddish brown, light brown and light 
gray, loose to medium dense. occasional 
coal fragments. A-3 

t>( 80 4-3-5 

~l--·1----+-+--l--1---1 :><:. · 
14 -· NP '~ ·. 

lX ISO 1·3-3 38 

·.·.:-. 
..... ~ 

~.: ~-
1-t>(-J--=-' 60f--11:-·1'"'"0--11,.-i--+--:-:-10II-_-.+~ NP 1r. ~ ~ 

~·.~ 

Silly SAND, some gravel, fine to coarse, 
angular to rounded, wet. mixed mineralogy, 

·medium dense, frequent cobbles. A-1-b 

1-

1-

!-

,.... 

1-

l:a.s 

~ 

1-

REMARJ<S i I I~ 
X I ,.. 
()_ 

i Ul 
0 

Hollow stem_auge 
with linger biL -l 

-.__ 

[I] Auger ~::r l\7l Split 
16J Spoon ~ Penetrometer 

[!j] Vane Shear 

r.J Special 
~Samplers 

WATER LEVEL OBSERVATIONS ___, ryPes: 1---------------------~~~. ~ P/7tl Casing 
~Advancer 

(] 
Coro 
Barrel 

1\71 Drive 
~Casing 

SECTION II 

I Shelby 

~Bulk 
~Sample 

~~~pie 

While Drilling 5!- 6.2 m • Upon Completion of Drilli~ 
lime Mer Drilling --· 
Depth To Water (m) --
Remarl<s: ~ Testplt 
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MONTANA DEPARTMENT 

LOG OF BORING OF TRANSPORTATION 

Geotechnical Section 

~ ~~N~ame __ : _____ To_n~g~u_e_R_iv_er_-_M_i_le_s_C~ey~(3_9_8_9_M~)------------.n~7.7----~~-P~ro~~·ct~N~um_oo~r:_,B_R_2~--1(~~-)~2---------1 
. ....,_ ,. Borehole I .l=.__ ~Location: Sta. 70+93.83, 3.1m Lt. of Proj. Centerline Numoor. 3-32-03 Sheet 2 of 2 

-......_ r Hammer. 
~ ~lln9 Equipment: CS 200~ HT ~e Automatic Driller: D. Mayberry Logger. P. McCann 

~ ~lin9 Fluid: Diameter (mm): 203 Date Started: 5-14-03 Date Rnished: 5-14-03 
\~tion and ~oatum: Ground: 720.68 Casing: 

'X::: ~--"" DRILL 
tes. 

¥ 
~ 

~ 
en 

>- ...... 
0:: 0 w 

5! ~ 6 5 n. ~;z-~ 
(.) ~ Oi= w ;jQ ~~ z UJ 0:: >-

0 1- cr: 01-

...... 
~ 
1-
z 
w 
1-z !::: 
0 :::;;; 
(.) ::; 
w 0 

1-
~ 
:J 
(.) 
i= 

~ 
0 
..J 

Notes: Legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y = 4422.9619, X= 
3999.8894. X andY based on local Project coordinates. 

z cr: (.) 
UJ ::> 5 1/) 

:X: ~ 
~ :[ 0:: ::>~ 

\ARKS ~ ::> g z oz ~ w ~UJt-
1/) ww > Zlll REMARKS MATERIAL DESCRIPTION 

X ... 
fu 

w 
n. 

p 0 

temauge 

Ll 
~r biL 

-

-

1/) 
UJ 
0:: 
n. 

w 0::(.) ~~ 

~ 8ffi ~ offi 
<.>n. o:c 

~ 

[I] Auger 

Pili! Casing 
~Advancer 

- · ~ I] Core ------1 . !!--. Barrel 

0 1- a 
~ >- 1/) ::; n. 

cr: 0 
0 :::;;; LL PL ~ 

8 t-UJW 
1/)Q. t-

w 
0:: SPT 

.,~ Silty SAND, cont'd. 

80 10-11-20 
·~·l--:c=-:":-=.::-+-l--,-l--l-4,·-+\+---::-o-..,..,..,-----:--::----:----:------{:='~0.7 

11 '·. ·. ·. · SAND, trace gravel, fine. subangular to 
~1"\.subrounded wet QraY. dense. A-1 /"~ 1 ·0 

SILTSTONE, moderatelyweathered, soft / 
field hardness. arav. 
Bottom of Hole Elev. - 709.6m. 

~ ~Split ~ Penetrometer WATER LEVEL OBSERVATIONS 
Spoon 

1 Shelby m Vane Shear WhileDrining 'St 6.2 m Upon Completion of Drilling ~ 6.2 
Time After Drilling 

~Bulk [!]Special 
Sample Samplers Depth To Water (m) 

Remarks: 

m 

~ 

~Grab ~ Testplt Sample 
1\71 Drive 

~ ~------~~~~C~a~si~~--L-------==~~~~------~----------------------------------------~ s?. 
i''. 
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MONTANA DE 

LOG OF BORING = OF TRANSPORT. 

Geotechnical Section 

Tongue River- Miles City (3989M) I Project Number: BR 2-1(34}2 - 1-------_!Joject Name: 

~ Sta. 70+43.5, 2.97m Lt. of Proj . Centerline ~ ~~~~ 3-33-03 
'Sheet 

_2 
Borehole Location: 

1 of L 
I Drilling Equipment: CS 2000 HT I ~~~r. Automatic Driller: D. Mayuco :Logger: P. McCann lo~ 
Drilling Fluid: ~~~r (mm): 203 Date Started: 5-20-03 'j 

lf)fi~ Date Finished: 5-20-03 J 
1:m: Ground: 721 .28 Casing: Notes: Legal Description: 08N47E33CBA. Stationing, offset ~~d~ I~ DRILL 

~ elevation provided by District Survey. Y = 4401.7357, X:: 
1--i ~ 3954.2879. X andY based on local Project coordinates .. 0 

~ 

~~~ 
~ 

.... 

1 
z 

'i § z w g .... .... 

~ 
0 z 1- ~ 

~ 6 ~~ ~ 0 ~ :J Cl ,. w Q (.) g 
~ §: ~ 

w 2 a: 
(i5 w :J () a: 0. 1-

li ,! 
01- z a: 0 i= () §: g ::> .§. z ~WI- w ::> 5 (/) 

:I: MATER.IAL DESCRIPTION RI=~IA<>• i 
:I: ~ (/) w 

1 ~1 
1-'~m 0 .... 0 :5 :I: '"' :r 1- (/) w wu 

(/) 0.. 
t- ... 0.. 

I~ 
w 

~ 
a: a: (f)O.. t- >- 0 :J 0.. ~ 0.. 0. 

w a: Ow a: 
II -Pl w Ul ~ 0 0.. uo.. SPT 0 :::l: Cl 0 0 

ll.C::P~lf 
r ~02 Hollow-stem_a.~ 

- FI~L. sa~dy gravel, fine to coarse, 

~.8 
with finger bil -~ 

to subrounded, damp, brown. 
~A-1 / -
~~~~n~'~a~and, trace gravel, fine to coarse. 1- j -

to rounded, damp, brown. A-2-4 
-

1-- -rx Iss 2-2-3 6 

~ 
1- lJL 

-
1- -

-
~ ..: 

[X 150 2-3-3 6 -- NP 

- 1- -i§:~ 
~ [X i 40 1·2·2 24 ~4.0 Wi.: Silty SAND, trace gravel, fine, subangular to 

subrounded, damp to wet, brown, very loose. 
1- -- A-2-4 

[X 75 2-3-5 11 - NP 

- I · 
1- -

- [X 70 4-3-4 4 
1-

~ 1=6. 
[X 195 1-WH-1 39 _,. NP Sandy SILT, wet, brown, very loose. A-4 ~ - 1-

- 1-

~ 
&. - ::::>, [X I so 4-3-4 16 - NP . :-.. SAND, some gravel, weiT graded, angular to u...: :-::: subrounded, wet. mixed mineralogy, loose. 1-

~ .. Gravel is fine to coarse, angular to 
C! - subrounded, mixed lithologies. A-1 -b 

'-(J) ... ·.· ... 0 . : :-· 
C9. 

C) -,..: 
8 [X ,10Q 131-<;nltl Mm 10 it .. , ~~~%£RAVEL fine to coarse, angular to ... I• l• 

wet, mixed lithologies, very dense, 1-
::: -

t·.~ ~ occasional cobbles. A-1-a 
_......... 

~ 
~ 10 

~~?on [(]Auger =:er ~Split ~ Penetrometer WATER LEVEL OBSERVATIONS _....., Spoon 

! ~Casing I Shelby li]J Vane Shear While Drilling Sl 6.2 m Upon Completion of Drilling !.-----• Advancer 
Time After Drilling __.....-', [)Core ~ Bulk [!} Special Barrel Sample Samplers Depth To Water (m) __.....-' 

Is ~· IS21 Drive ~~~~pie ~ Testpit Remarl<s: Casing 
__..../ 

SECTION II Page 20 of60 }]~ 
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""ARTMc_~ 
"TTAIIO~ 
~ 
n 

LOG OF BORING 
MONTANA DEPARTMENT 

OF TRANSPORTATION 

~~~N~ame~: _____ T~o~~~u~e~R_i_ve~r_-~M~ii~~~C~i~~(~39~8~9~M~)-------------.~~~----~~~P~~~·~~~~N~u~mOO~r~:_;B~R~2~-~1(~34~)~2~------~ 
~ I;?- . Borehole 1 

2 ~hole Location: Sta. 70+43.5, 2.97m Lt. of Proj. Centerline Num00r: 3-33-03 Sheet 2 

Geotechnical Section 

of 2 =-.....~ Hammer: 
1 ~~DO~~~E=q~u~~~me~n~t:~~c~s~· 2~0~0~0~H~T ____________ ~r.T~~~=~-·~A=u~to~ma~ti~c-+=on~·'=le~r.-=D~.~M=a~y~berry~------~L~~~er:~.--~P.M~cC=a~n~n~----~ 
~'f" Borehole 
03 ~~G~ng~F~Iu_id_: __________________________ ~D~~-me~te~r~(m~m~)~: r2~0~3-·~=~~t~e=S~~~rt~~=~~~2=0~-=03~----~D=a=te~R~'"=is~~~:-=~~2=0~-0=3~--~ ---......, i,;:"vation 
t and ~Datum: Ground: 721.28 Casing: 
·,X::: ~ DRILL 
1tes. 

---.... 
z 

§: 0 

MRKS ~ :r 
!- w Q. 
Ul ll. 
0 0 -temauger, ;. 

erbil -
-

-

~ 

1l: ~ 

0 w 
~ IV 6 z 

ll. 
~z- ~ 

0 
~ ~ Oi= 

:::;o ~M w :2 0:: 
:3i= >-0:: a. 1- 0:: 01-

::> §. aJ 0~ w w ~WI-IF) .J > ZV) 
IF) w W() ::.::(!) a. 0 1-WW w 1- a:: a:: u-

~ 
() VJil.l-oril 0:: ~ Ow w 

ll. 00.. 0::0 0:: SPT 

1--+---1- -1--tiX 100 9-15-31 

r_: 

~ 
~ 

1-
z z w 
1-

:'!:. z 
~ 0 

() 

ii5 w 
z 0:: 
w ::> 
0 1-

>- IF) 

0:: 0 
0 ::;: 

14 

....-. 2.8 18.3 73 60 IX 8o 9-23-35 11 
-

-
~ ----Q 

-
~ 

-

-
0.3 22.9 100 60 

-

-

Ftion 
yPes: [)]Auger 

~Casing 
Advancer 

(]Core 
Barrel 

.._ IS2] Drive 
casing 

SECTION II 

Salll'ler 
Types: 

20.5 
20.4 
?OR 

20.5 
21.3 

1\71 Split 
~SpOOn 

• Shelby 

~Bulk 
~Sample 
l«ii1 Grab 
112) Sample 

1-
1- ~ 
~ :::; <!) 
:::; 0 0 

.J 
0 i= 0 s ~ J: 0 

~ :::; ll. 

LL Pl (!) ..... 
· ~·~ 
-.~ - .. .. 
···· · ···--· . 

r:::: : 
f- .. .. 

-··· ···-· ..... 
r:::=: 
- ··· ·· 
,~:: ::-.: 
~ : :-.: 
r:-·::- . 
-· ··· · ···-· -····· ···- · ..... 
-:-::: : _ .. 
.::::· 
1- .. .. 
r:-·:::-
-·· ·· ···--· . ... 

~ Penetrometer 

10] Vane Shear 

~Special 
~Samplers 

~Testpit 

Notes: Legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District SuNey. Y = 4401 .7357, X= 
3954.2879. X and Y based on local Project coordinates. 

g MATERIAL DESCRIPTION REMARKS :r 
1-
a. w 
0 

Sandy GRAVEL, cont'd. 

-
10.8 

Sandy SILTSTONE, moderately weathered, f-
soft field hardness, gray and dark gray. 

f-

-
Switch~ to HQ3 

f- coring with surface 
set blt and water at 

1- 12.2m. 
@ 13.1m, qu = 106 kPa 
@ 13.3m, qu = 92 kPa 
@ 13.4m, qu = 115 kPa 

f-

@14.2m, qu = 70 kPa 
@ 14.3m, qu = 141 kPa f-

~ 
15.2 

Bottom of Hole Elev. = 706.1 m. 
WH denotes a zero SPT blow count with 
weight of the rods and hammer. 

qu = Unconfined Compressive Strength. 

WATER LEVEL OBSERVATIONS 

While Drilling .¥: 6.2 m Upon Completion of Dril~ng 
lime After Drilfing 

..:Sl. ___ m 

Depth To Water (m) 
Remarks: 

___ .,-: 
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' 

LOG OF BORING 
MONTANA DEPARTME~ 

OF TRANSPORTATION 

Geotechnical Section 

Project Name: Tongue River- Miles _City (3989M) I Project Number. BR 2-1(34)2 ~ I~ Borehole Location: Sta. 69+93.0, 2.65m Lt. of Proj. Centerline ~ri;~ 3-34-03 I Sheet 1 of _l_ ~ I~ Drilling- CS 2000 HT · ~~~r. Automatic Driller: D. Maybt:. ,y Logger. P. McCann 
~ ~~ir (mm): 203 DriUing Fluid: Date Started: 5-20-03 Date Finished: 5-20-03 ~ 

~ ~~~m: Ground: 721.70 Casing: Notes: Legal Description: 08N47E33CBA. Stationing, offset and 
DRILL elevation provided by District Survey. Y = 4380.1494, X= 

~ 3908.5995. X and Y based on local Project coordinates. 1->-

11i 
¥ 

1-

~ 
z 

(Q z w 
1-1-

C1.. 

~ 
0 ~ z 1- ~ ~ ~~ 1': 0 ~ :::; (!) 

Q ~ IX: (.) :::; (.) 0 

~ 
g w .<= 

~ (i) w ...J g ~ 0. 1-

li 
01- z IX: 0 ~ (.) g ~ .s z ~WI- :> 5 ~ r MATERIAL DESCRIPllON REMARKS ~ :X: (/) ww 

~ 
Z(J) w 

:X: < cii 0 1- 0 
X 

1- (/) w a::(.) 1-WW (/) Q_ 
1- c Q_ w ... l (J)Cl..l- >- 5 

:::; C1.. (2 C1.. ... 
l offi a. 

w ~ IX: (2 ~l IX: L[ PL w w c 0 C1.. (.)Q_ 'i SPT 0 ::E (!) 
0 0 ( 

A.SPHAI .T -- r ~0.2 Hollow stemalJ91ij 1--
FI~L. sandy gravel~ fine to coarse, 

~ 
with finger bit -

subangular to subrounded, damp, brown. -
A-1 -

~ -
-

t:-1.7 - I 1100 2-3-1 12 - NP 

~ ~ FILL, silty sa , trace gravel, fine to coarse, 
~· angular to subrounded, damp, brown to light f-. 

brown, very loose. A-2-4 -
~ -

-
120 2-2-2 7 

1- -
- f-. -
~ X 80 2-2:2 9 

1- ~ 
- ~.6 -

~ Iss 1-2-2 26 35 22 Silty CLAY, trace sand, damp to moist, 
- brown, soft, medium plasticity. A-6 1- -

t5.3 - x1100 3-2-3 27 -· NP SILT, moist, brown, loose. A-4 1-

~ 1=6. 
190 12-12·10 22 SAND~ trace to some gravel, trace silt, fine to 

I -
. . ·· coarse, subangular to subrounded, moist to 1-

wet, brown to mixed mineralogy, medium 
- dense. Gravel is fine to coarse, subangular 

~~ 
. 

. . to subrounded, mixed lithologies. A-1-b 
- . · 

rx1a2 5-5-8 
I IJ_: 

~ 
12 .. · 

1-

I 
I· 

I ~ . . 
~ -

· :· . 

- . . :· 
~ .. ~ ISO 9-18-19 10 - NP P.( Sa_ndy GRAVEC some sil[ fine to coarse, - ~ subangular to subrounded, wet, mixed 1-

I i ~ 10 6< lithologies, dense, occasional cobbles. A-1-a 

---i ¥=:oor liTAuge.r ~r [g) Split ~ Penetrometer WATER LEVEL OBSERVATIONS 
_.../ ~~~ Spoon 

! ~Casing 
• Shelby ltD Vane Shear Whlle Drilling '¥ 7.3 m Upon Completion of Drimng 

~ f! 
Advancer 

Time Mer Drilling I] Com ~ Bulk [!] Special . I 
Barrel Depth To Water (m) Sample Samplers 

__.-" 

~ ~Drive !Ql Grab ~ Testpit Remarks: 
i ~ Casing Sample 

_./ 
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LOG OF BORING 
~ MONTANA DEPARTMENT 

~T Alto/f ,~ 
OF TRANSPORTATION 

--..:.:: 
"" 1 Geotechnical Section 

-....__ 
·~Name: I Project Number. --;--- Tongue River- Miles City (3989M) BR 2-1(34 )2 

~e Location: Sta. 69+93.0, 2.65m Lt. of Proj. Centerline 
Borehole 1 Sheet Number. 3-34-03 2 of 2 .............._ 

~. Hammer. 

--.... I)Vfill9 EqUipment: CS 2000 HT Type: Autorr\atic Driller: D. Mayberry Logger: P. McCann 
v Borehole 

)3 ~Fluid: Diameter (mm): 203 Date Started: 5-20-03 Date Anished: 5-20-03 -........ 
~&"tum: Ground: 721 .70 Casing: and Notes: Legal Description: 08N47E33CBA. Stationing, offset and 

, X:: ~ DRILL elevation provided by District Survey. Y = 4380.1494, X= 
tes. ~ 3908.5995. X and Y based on local Proj~ct coordinates. . 

>- ~ 

1 
1-a: 0 z w 0 w ---...... c; > 0:: z 1- .... 

0.. § ~ z- ~ 
0 ~ 5 .... ~ 

~ Oi= 
~ ~ ~ C) 

:::;o ~~ 0 0 z w ~ 
a: 

:§i= >- (i5 ~ 
:::; 0 .J g g 0 0:: 1- 0:: 01- z 0 i= 0 lARKS ~ 

;:l §. z 0~ w w ~WI- 5 (/) MATERIAL DESCRIPTION REMARKS 
~ 

w ;:l :i: 
:t 

(/) ww 1-'!,'2 cr. Z<J) 
0 1- 0 5 :r: 

(/) w 0::0 
1-WW (/) 0.. 1-... w w 

~ 
011) ~ 0 (/)0..1- >- :::; 0.. ~ 0.. 

fu 0.. 0:: offi Ow w 0:: 0 w 
0 0 0.. 00.. 0::0 (/) 0:: SPT 0 :::;; LL PL C) 0 

.em auge 

~~ 
Sandy GRAVEL, cont'd. 

!r bit. 
- ~0.7 

100 5-18-28 5 - NP : ~· . ·: Gravelly SAND, fine to coarse, subangular to 
- ' ' subrounde<i, wet, mixed mineralogy, dense 1-

to medium dense, occasional cobbles. A-1-a 
·. 1--

' . ·.· 
rE-

.. 
.· .. ' 1-

X 5 5-15-15 25 
... 

- ·: ~: ... -
- , •, 

....... 
- :·· .. : 1-

' ... 
. ·. ····. 1-- ··: .. 

13.7 

J..L 0.1 22.9 40 50 1- .. .. Sandy SILTSTONE, moderately weathered, Switched to HQ3 
.:. :::: . soft field hardness, gray. 

,... coring with surface 
-·· . set bit and water at 

- .:.·::-:- . 1- 13.7m. 
.:.:: :-:-
~ :-:-

- ~: :-:-. f-
15.2 

Bottom of Hole Etev. = 706.5m. 

~ 
~ .. 
3 
~ 

§ 
~ 

~ 
13 - I QP.eratiOn Sampler ~ Penetrometer []] Auger [81 Split WATER LEVEL OBSERVATIONS ., TYi>es: Types: Spoon 

;--- 0 
~casing • Shelby IID1 Vane Shear While Drilling 5l 7.3 m Upon ~lion of Oril~ng ~ m =--- ~ 

---- § 
Mvancer Time After Drilling 

[] ~!I ~ Bulk [!] Special .J ---- ~ Sample Samplers Depth To Water (m) 
() lS2l Drive ~Grab ~ Testpit Remarks: 

----9 casing Sample 

SECTION II Page23 of-60 



Loc oF BoRTNG ffi::,:x,2,;g:il
Geotechnical Sedbn

g
s

g

5

PlojodName: Tongue Rlver- Mites Citu {3sscMr FojeclNunbe': BR2-1(34)2
Bdehde Lo.aiim: Sta. 68+98.4, 26_4m Rt_ of proj. Cenierlins

----r-------
Nuu'ber 4-15-01 lsr*a t or s

Ddlllng Eq{ripmenr CME 850 Difer B. Pickett lroqo€r: p_ l,,tcc...
lllaur^Il---
lloilme

otiliing FbH: oalestan€d: 4-11-01 lO"r"rinw,.a, +rr_n1
td-'-Driujn. s'Dund: 7tE.El Crshg: w", !S1,9::qg!,9n: .08N47E33C8A. srarionrns. ons€t and

orevaro-n proMded by Disbid suruey. y 
= 431-{0540, i=3834.8903. X and y based on tocal projed coordinaiei.

DRILL

g

8.8

6

at
8E E

6

a

B

3g

5tF

E

a :
s

9

:t

9
-
3

I
F

6

3
e

a
E

n F

iMAIERIAL DESCRIPTION REMARKS

SPT LL

oarDy .tL I , sorne coarse gravel, damp lo

.J

3.1

I

I

I
J,

illi

lll

^",.**fli

12

3

I8

ii))-"
SanOy cRAvel, me ro m-rso-uGiouiar-
to subrounded, darnp, mixed tithotogies-.

FFc4Y,-rnoisrlfiiisrown,ffiiurrrsifr .
low ptasucity, medlum loughness.

2

6

10

75 \
,1.: saNu,.tine,damp lo moist, mixed

11 :i:
tlo
""Rs
t^u
ixs
iR!
io,!(
.Oa

sanoy GMvEL, nne o co-EGliifiiiiid
suDrounded, wet, mixed lithologies, rn€dium
oense, occasionat cobbles/bould€rs.
occasional layers of gray sand.

21

70

SILTSTONE, severety to moOeEGii-
wealhered, sotl lleld hardness, gray, weakly
cemenred, no reaclion to 1 0% Hct solutiori

1n13r9 srLTsroNssANpsroNE;md;EGifi ;
m
K
tr
M

x
T

g

9Plit

m

t:
E

WATER LEVEL OBSERVATIONS

WileDdlling V m Uponoodple[onofDntfng y 1,

ImoAnerDrnlnq 16 hrs.
uepD roware.tml 4.2
n .,*", ni"e, erevatton on + 2!-ii;1la 2-

SECNON
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LOG OF BORING OF TRANSPORTATION 
MONTANA ·oEPARTMENT 

~~~~~~: ____ T_o~~~u_e_R_ive_r_-_M_ile_s~Cey~(3~989~MI) __________ ~~~-----L~~~~N=u~==~·~B~R~2-~1~(M)~2------~ 
~LOCation: Sta. 68+98.4, 26.4m Rt. of Proj. Centerline : ~2. 4-15-01 I Sheet 2 of 5 

Geotechnical Section 

1 ~Equ£_rnent: CME 850 ~ Au1omatic Driller: B. Pickett Logger: P. McCann 

~ ~ Floid: • ~=(mm): 114 

ll and ~ Ground: 718.81 Casing: 
1• X::: I'- DRIL 
lies. 

ffi -~ j ---...... <0 8 z z 
1--- ll. 

~ ~~ . ~ 
0 :!:. 

~ o-

I~ 
UJ 

~~ ~ UJ 

~ 
a: 

I ~ en 

11 
a: ~ ~tu._ z MRI<s ::> 
1Z WUJ 

~ 
Z(f) w 

w ct:() 

G li 1-WW 0 
w 1- offi (f)ll.l- >-

~ a: ~ ~ SPT 
ct: 

~ 
ll. Oil. 0 

~ 
1-z 
w 

t:: 1-z 1- :::;: 
0 :E ::; (!) 
() ::; () 0 
w ...J 
ct: Q i= () 

~ 
::> (/) s: a 5 

~ 5 
::;· c.. 

:::;: LL PL (!) 

Notes: 

Date Started: 4-11-01 Date Finished: 4-11-01 

legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y::: 4314.0540, X= 
3834.8903. X andY based on local Project coordinates. 

MATERIAL DESCRIPTION 
g 
r 
l.i: w 
0 

REMARKS 

.rng :! 
rwith roct - f-. ·­

r-· ­
f-. : ::-. 
1- ::-: ._ ·-

Sll TST JNE/SANu::~ 1. '::'"!t:, cont'd. 
freshly weathered, soft field hardness, gray 
and dark gray, weakly cemented, occasional J­
coal fragments and partings. Sandstone is 

>vvnu ot:U to HQ3 
lwireline system with 
I surface set bit and 
I water. -

-
IJL 

-

-

-
WL 

-

-
-
~ 

-

-
-
~ 

-
-
-

1eters. ..20 

..=i?..·. 
")no..., 

fype$:' 

~1--+------4~~-4--~-4_ · -
4.1 10.1 70 60 f20: 1- . -

1- · r- :-
1-
f-. 
1-:-:-. 

·~~+------4~~-4--4-~~~- :~ 4.1 10.1 100 32 18.9 
J- . 
1- :-:-. 

fine grained. J-
@ 10.4m, qu = 458 kPa 

@ 11.6m, qu = 295 kPa 

f-

1-

f-

f-

r- @ 14.3m, qu = 1920.3 kPa 1-
4.1 11.4 74 74 18.0 

f-
1-

I-
I-

f-

·-·-2.8 13.1 G 0 

1.4 45.7 60 0 

1.4 36.6 76 28 116.8 

[]] ~r -~r ~ ~::X, ~~ Penetrometer 

lliJ,1 Casing I Shelby i Vane Shear ~Advancer 

[] 
~ Bulk r.l Special ~~ ~ Sample ~ Samplers 

1-

-
@ 15.5m, qu = 739 kPa :15.8 
SANDSTONE, ma~sive, fine grained, freshly ,... 
weathered, very soft to very hard field 
hardness, light gray to dark gray, very weakly r­
to strongly cemented. 

f-

-

f-

1-

f-

WATER LEVEL OBSERVATIONS 

While Drilling 5l- m Upon Colflllelion of Drilling 
Time Mer Drilling 16 hrs. 
Depth To Water (m) 4 .2 

4.2 m 

t: ------g 1\71 Drive l:iOiJ Grab E3 Testpit 
___/ ~------~~==~C=a~~~~~~~--------~~~S=a~~~-=E3=---------L---------------------------------------------' 

Remarks: River elevation on 4-25-01 = 714.2m. 
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0 

i 

LOG OF BORING 
MONTANA DEPARTU[~ 

Or TRANSPORTATIOI( 

Geotechnical Section -Project Name: Tongue River- Miles City (3989M) r Project Number. BR 2-1(34)2 ~ 
Borehole I Borehole Location: Sta. 68+98.4, 26.4m Rt. of Proi. Centerline Number: 4-15-01 Sheet 3 of 5 sore 

~~~~~~~~~~~~~~~'~==~-------+~~~~~------~-L==~==~-m~~~ Hammer. 
Type: Automatic Driller: B. Pickett Logger. P. McCann ~ Drilling Equipment: CME 850 

Borehole Drilling Fluid: 
Diameter (mm): 114 Date Started: 4-11·01 Date Finished: 4-1 1-01 Dri_! 

Elevation 
and Datum: Ground: 718.81 

Casing: Notes: Legal Description: 08N47E33CBA. Stationing, offset and and I 
EJev< 

DRILL elevation provided by District Survey. Y = 4314.0540, X= ~ 
3834.8903. X and Y based on local Project coordinates. 

~ 0 ~ 1-

a.~ ~ l? :z ~-:Z aJ.... 1-

~ § ~z ~ ~~ E 8 ~ ~ 8 
~ :z w £ :: ~g it .... a:: (;; w :J u ..J -

§. g ~ §: ~ a~ ~ ~ ~~!i; ~ ~ ~ ~ ~ MATERIALDESCRIPTION g REMARKS g 
:t~ ffi ~w w ~u G~ a. R li;~~ 0 r.n g ~ ~ ~ t 

!;( 0 ffi 0 ~ :::; ~ 1---::----l it 5 1----+---1 ~ w 
o & ~ a:: ua. a::o c:i a: SPT o :::; LL Pt. e> ~ o 
~~~~-4-4--~--~-4-~~~-+--+~~~---+~~~~~=--~-----------~-~----~~ 

SANDSTONE, cont'd. 
- 1- 0.7 45.7 56 0 ~~+-----~---~--~--1---l 

0 0 

-
-

0.7 61.0 32 11 16.6 

-
-
- 2.4 30.5 100 32 

-
- 0.7 45.7 52 36 16.6 

-
26-
~ 

-= ~ 
- 1.4 36.6 100 70 16.7 

-
-

28 
2.4 36.6 100 60 

-
- I· 

@ 19.8m, qu = 1179 kPa 
-
-

-
1-

@ 22.9m, qu = 1644 kPa 

-

-

@ 25.9m, qu = 2042 kPa 

-
1-

@ 27.7m, qu = 1012 kPa 
~ 

1-

-

-

~ 

~ 

-
~ 1 

I -

-

I ~ 
p --~-

~~30~~~0-.0~~-£-LOO--L-30~~~--~--~~--.0~~~~--L-~~-------------------------------L---L-------~ ~ 
~ Qperation [I] Sampler lVI Split 181 WATER LEVEL OBSERVATIONS 1.l Z 1Yile ~ Types: Auger Types: l6J Spoon ~ Penetrometer _.-'\ ~ 

~ 

~ ~ ~~ I Shelby IWJ Vane Shear While Drilling SJ. m Upon Completion of Drilling !__!t ~ 
~ [) Core ~Bulk r.1 Special Time Mer Drilling 16 hrs. --1 ~ 
l5 Barrel ~ Sample ~ Samplers Depth To Water (m) • 4.2 ~ 3 
§L_ ________ ;~==~~="=~2.~~--L--------~==~~~~-~~pl~e-=~~T_e_st_P_,1 ____ J_R_e_ma ___ ~s: __ R_iv_e_r_e_te_v_at_io_n_o_n_4-__ 2_~_o_1_= __ 7_14_._2 __ m. __________ --f, 
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I· 

LOG OF BORING 
~ MONTANA DEPARTMENT 

- OF TRANSPORTATION 

Geotechnical Section 

Tongue River- Miles City (3989M) I Project Number: 

4-15-01 

BR 2-1(34)2 

I Sheet 4 of _§_ 

P. McCann 

---.._It 
1\ ~ 

"""'IH MATERIAL DESCRIPTION 
:[ 

REMARKS :r 
1-
0.. 
w 
0 

~. SANDSTONE, cont'd. 

· -
@ 30.5m, qu = 8373 kPa -

-
1.2 36.6 80 70 f--

-
1-

r-

-
f--

0.7 45.7 100 56 
@ 32.3m, qu = 45,196 kPa 

-
f--

- -

1.4 61.0 56 36 116.2 
f--

Occasional coal fragments 
f--

- 1-

- -@ 35.4m, qu = 1010 kPa 
1.4 45.7 80 38 . 

f--

- 1-

- f--
1- 3.5 15.2 92 64 H l----1-- - --l---1--l---l--1 

Occasional coal partings and seams -

-
-
-

L!o 

-..!£_1 

---

3.5 36.6 90 20 

I1J Auger 

1'/i;:l Casing 
~Advancer 

l]~el 
1\71 Drive 
(jLJ Casing 

SECTION II 

~~ 
• Shelby 

~Bulk · 
~Sample 
L{;i] Grab 
~Sample 

~ Penetrometer 

lillJ Vane Shear 

~Special 
~Samplers 

~ Testpll 

f--

1-

1-

1-

f--

WATER LEVEL OBSERVATIONS 

While Drilling Sl. m Upoo Completloo of Drilling 
Time Mer Drilling 16 hrs. 
Depth To Water (m) 4.2 
Remarks: River elevation on 4-25-01 = 714.2m. 

Page27 of60 
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Project Name: 

Borehole Location: 

CME850 

[(]Auger 

~~ 
[J~:e, 
f\i'IOrive 
~ Casing 

SECTION II 

LOG OF BORING 

fVI Split 
I6J Spoon 

I Shelby 

~Bulk 
~Sample 
(iiii] Grab 
l1l) Sample 

Project Number: 

Driller. B. Pickett 

Date Started: 4-11-01 

MATERIAL DESCRJPTION 
g 
i= 
(1. 
w 
0 

Bottom of Hole Elev. = 678.6m 
qu = Unconfined Compressive Strength 

~ Penetrometer 

10] Vane Shear 

[!J~~rs 
~ Testplt 

WATER LEVEL OBSERVATIONS 

While Drilling 5l. m Upon Completion of Drilling 
Time After Drilling 16'hrs. 
Depth To Water(m) • 4.2 
Remarks: River elevation on 4-25-01 = 714.2m. 

Page28 of60 
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MONTANA DEPARTMENT 

LOG OF BORING OF TRANSPORTATION 

--........ 
Geotechnical Section 

,· ~Name: Tongue River- Miles City {3989M) BR 2-1 (34 )2 

~~~L~~oo~·~n: ___ s~~--_69~+~9_1._4~,_17~·~1m~~~·~o~f~P~ro~~·r.Ce~nt~erl~i~ne~------~~=um~·~=~r.~4~-1~~~0~1------~~J~~~~~~--1~~~~~5~~ 
~v- Hammer. . . 

~Equipment: CME 850 Type: Automatic Driller: B. Pickett Logger. P. Mccann ~~ v- Borehole 
"'ng Fluid· Diameter (mm): 114 Date Started: 4-16-01 

Casing: 
~~~· .. 
lnd ;; ~~um: Ground: 720.43 
(:::: . V DRILL 

Notes: 

Date Finished: 4-17-01 

Legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y = 4361.5589, X= 
3915.4312. X and Y based on local Proje~ coordinates. 

:s. 
>-a: 
w 

"' > -- 0 0.. 
:§_ () 

w z w J: 0:: g Q a: c. 1-

RKs ..... ::> §. z 
:t ~ (/) ww 
t 

(/) w 0::() w w 1- offi Ul a.. 0:: ~ 0 0 0.. uo.. 

- -
-

-
2 

-

-

-
-L 

-

-
-

.L 

-

-
-

--t: 

' -
" -0 

~ -
- . 10 

~~~ 
_g. ---__ o 

____., 8 ........ 

~ 
~ 

1-z 
z w z 1-
0 ~ z 

0~ 
~ 8 

w 

~ 

0 
0 
0:: 

~z- ~ 0 

~~ >- g ~g en 
~WI- z 0:: 

Z(J) w :::> 
=>< w ffi oz ..J > xe> o.. ~ MATERIAL DESCRIPTION 

'§: 
0 1-WW 

(J)Q.I- >-
0:: 

SPT 0 

0 gm ~ () 
w 

0::0 (/) a: 

X 60 1-2-3 

X 80 2-1-2 

~ 
10 2-3-3 

100 1-1-0 

1-
(J) 

0 
:! LL PL 

12 

26 28 25 

29 

30 35 22 

33 - NP 

~ 
(!) 

:t 
1-
0.. 
w 
0 

' · ·' h TOPSOIL, silty clay, some organics, damp, f ~-2 
I \brown. 

~S::,:IL~Tf!,!.;-tr_a_ce __ or-g-a'""'ni,.....cs-.-d=-ry-t,...o-d=-a-m_p_, ~br_o_w_n-. ___! r-
loose. 

Clayey SILT, tffice gffivel, trace organics, 
moist, brown and gray, loose to very loose. 

-

l:J.o 

1-

16 •u 5.0 
~J~+-------·--~~--~N-P~~o~·~~S-an-d~y-G~R~A-V~EL~.-s-o_m_e_t_o~tffi_ce __ s~il~t.~tr_a_ce ____ ~_P 
[X 

50 5-8-7 14 ---
11 

11 
f\;. organics, fine to coarse, subangular to ~--+-------1--4--4--4-~••uo ~ 

" subrounded, moist to wet, mixed lithologies, 
X 
X 33 6-7-6 

19 

~-'o () 
Hl-4------4---l--4-- I> 0 ~ loose to very dense. occasional 
H c-:-::--l----=--+--1---l---11--lo fjo cobbles/boulders. 

bo () [X 100 1-4-5 
14 

~--~---~-+~!--~ ~~ 
ofjo 
Do () 
jo~ 
ofjo 

~1x~7~54-1~6--1~8-~~~---~~~4---l--~:-0~ 
~-+----,_-r-+-+~.fj~ 

D~~ 
ofjo< 
0 () 

\,-x.....J-,7-::-5 +-::-30-.,.-,..,28-:-:20c=-ii--I-7,...+-+-,.,NP~ ~ t 
~1-+------4--4---1---1-~oC:,o< 

00~ 

REMARKS 

HWcaslng 
advancer with rock 
bit. 

Sa~ 
Types: IV! Sp!'rt 

~Spooo ~ PenetrOmeter 

[i] Vane Shear 

(";1 Special 
~ Samplers 

WATER LEVEL OBSERVATIONS 

• Shelby 

~Bulk 
~Sample 
~.iii! Grab 
M Sample 

While DriUing ~ m Upon Completion of Drilfing 
Time After Drifting 17.5 hrs. 
Depth To Water (m) 5.8 

~ Testpit Remali<s: River elevation on 4-25-01 = 714.2m. 

Paae29of60 
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i 
5i ,_ 
0 
C) 

8 
~ 
2 
C) 
~ 

8! 
"' C) 
z 

~ 
u.. 
0 

8 _, 

LOG OF BORING 
MONTANA D£PARTM£~ 

OF TRANSPORTATION 

Geotechnical Section 

Project Name: Tongue River- Miles City (3989M) I Project Number. BR 2-1(34)2 proje< 
r-~----------~~----------~~--~-------------r,&x~~~~----~~~~~·--r---~~--------~1~ 
Boreholelocalion: Sta. 69+91.4, 17.1mRt.ofProj.Centerline Number: 4-16-01 !Sheet 2 of 5 flOieh 
~--------------~--------~~===-------;----------------.--~~===-~==~~ 

~~ . McC Dnlling Equipment CME 850 Type: Automatic Dnller: B. Pickett Logger: P. ann Drillifl! 
~--~~~--------------------------~~~e~~~e----------r---------------------~~----------------~lr---
Drilling Fluid: Diameter (mm): 114 Date Started: 4-16-01 Date Finished: 4-17-01 Drillin ~E~I~~~Iion~~--------------------------L-----~~.-----L-----------~~-----L~~--------------~1~ 
and Datum: Ground: 720.43 Notes: Legal Description: 08N47E33CBA. Stationing, offset and and c 

~--.---D.,..R..,...ILL:---,---,---y-~-.------,---.--,---T-"-,---i elevation provided by District Survey. Y = 4361.5589, X= f----

~ 
w 

~ ~ Q. 

~ u 
w z w 

~ 
0:: 

I 0 0:: 

w~ ~ :::> 
:X: 1/) 
1- 1/) w a.. w w ... O::o:: w a. 0:: 
0 

~ 

0 

~ 
~~ 
;:jQ 
<( -
::;,>-

0~ ~ 
~(!) Q. 
uu; ::E 
Ow<( 

~ 
>-
0:: 
w 
~ 
u 
w 

1-

~ 
:J 
0 
5 
0 
:J 

3915.4312. X andY based on local Project coordinates. 

(!) 

g 
u I g 
J: MATERIAL DESCRIPTION :x: REMARKS x 

~ fu fu LL PL <!.l o o 
~~~--+--~--~-r+--r~~-+--+--r~~,P0·~~·~.~ ~s~a~nd~y~G~RA~V"E~L-,co~n~fd~.------------~~-r--------~ r-­

•uo 

~ 8~ 0 Q. 0::0 1/) 0:: 

12 

- PoD< 
1:-IV-.t-1:-:::o-t-"""1 3-~1:-::8.36-::-:-+-t--::-7 + - I--Lp 0 C 

- ~ ·~ r-
::f)))':l---+--~---l--1~1-+-------+--t----t--t--17~~D~-=::-==~=------:-:--::--:-:---:-:----:--+11 .3 
-

- 4.1 8.3 80 64 

-

-:-.: ~ SILTSTONE, severely to freshly weathered, r-
r- : _ . soft to medium field hardness, gray and 
r- :~: bluish gray, weakly cemented. 
1- ... 

t-:-.: :::: · 
17.:_ . 
17.: ..:.: 

~~1~00~~~~~.~~:-::0~1~7~.9~16~~---t---;-·· ·- · 
19 17· ::.:... . 

Hl--·1-----1·--t--~---1---1- .. 
!-:". :~· 
r-. :~ : 

~ ~:=. -
_ r- 4.1 11.4 100 88 1-11--~------·t-:1~7-=.6-t--t--+--t..:.~:~= @ 14.3m, qu = 312 kPa 

- ~ :::::: 

-
r- · 
~::::: . 
-· ·· 

HI--+-------~~-+--+__,~:= : ~ r- 4.8 11 .4 100 100 17.0 1- .... 

-

-

r::;~. : 
1- ... 

~-;-:: ·:: 
17. :_ 

@ 15.9m, qu = 512 kPa 

1-

r-

r-

1-

@ 16.8m, qu = 258 kPa 
1- . t-;7.2 ~~~~~~~~----~~~~-------t SANDSTONE, fine grained, freshly - r- 3.5 30.5 80 20 1-11---t-------1--+--J--t---! 

weathered, very soft to hard field hardness, 
gray and light gray, weakly cemented, 
occasional coal partings and seams. 1-

@ 12.8 meters. 
switched to HQ3 
coring with surfaet 
set bit and walef. 

-

-

28 : 

-
{ =: 
~ ~ 

_ r-
2.1 30.S S4 0 

-
r-

' g 
" -~ ~ 

p -
I ~ 

C) • 
20 
Qpetation I1J Auger Types: 

~~~ ~l...::a.~--L=~_.__._~~_.l--.-----:I'Vl=:!:-_j_--J.::::181::::-I---J.~...L.._~-------------'--.l_-- q ~ 
Types: 16! ~:;!., ~ Penetrometer 1-------W~A_T_E_R_L_EV __ E_L_o __ s_s_E_R_V_A_T_IO_N_S __ --:::::---:'-. ~ ,~ 

~ Casing 
Advance.-IJI Core 
Barrel 

lS2I Drive 
Casing 

I Shelby lillJ Vane Shear While Drilling 'Sl. ·m Upon Completion of Drilling ~ ~ \ 
~ Bulk 1.1 Special Ttme Mer Drilling 17.5 hrs. -----::jl .. ~ .. . 
~ Sample ~ Samplers Depth To Water (m) 5.8 - 1 

0 L«n:: Grab B Testpit Remarks: River elevation on 4-25-01 = 714.2m. .;; 
~--------==~~~---L------~~~~S=am~p~le~E3==---------1 ______________ 7~------------------------------ · 
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'Afrr I >~ • /,/0(, 
?r A.l,o 
----::!! LOG OF BORING 

MONTANA DEPARTMENT 
OF TRANSPORTATION 

1 Geotechnical Section 

___ ~-N~a~me~:-_____ T_on~g~u_e_R_iv_er_-~M_il_es~a-·~~~(3~98~9~M~)------------~~~-----~~~~;~ct~N=u~~~-~B~R~2~-~1(~~~)~2------~ 
_ --........ ~<'· , Borehole I ..L, . ,;-;;.,holeLocatiOn: Sta.69+91.4, 17.1mRt.ofProj.Centerline Number. 4-16-01 Sheet 3 of 5 
--........~ ~m~r. 

--- ~quipment: CME 850 =~ ·Automatic Dnller: B. Pickett Logger: P. McCann 

)1 ~~~FI=u~~:~-------------------------LD~i~a~~w~r~(m~m~):T1~1~4--~Da~te~S~~~rt~~~:--4~-~16~-~0~1----~~D=a=w~F~in=is=~==:--4~-~17~-~0~1--~ ~ ~ . Ground: 720.43 Casing: 
I and ~Da::;:tum:.:.::..... --...----,.-,.-,.--.----,.---,.-~-..----.---l Notes: . X :: Ff' ,.- DRILL 
tes. ~ 

>-
0: 
Ul 

<ii' ~ -- Q. 

"' ~ g 
z w J: 0: 

·-e 0 0: g .... 
lARKS g ::> z 

"f CIJ ww 
CIJ w 0:: (.) 'I" w 

~ a.. Q. 0: offi Ul 0 Q. (.)Q. 0 

01) 

,.; 26.1 54 

-

~ 

0 

~ z 
~z- ~ 

0 
Oi= :.::;o 
~~ ~;::: >-

5~ ~ 
0: 

~tu .... Ul 

~ Z Cil 

0S? ~ 1-'WW 
(.) CIJQ.J-0~ w 

0:0 CIJ a: SPT 

-8 

Legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y = 4361.5589, X = 
3915.4312. X and Y based on local Project coordinates. 

MATERIAL DESCRIPTION 
g 

REMARKS :r 
1-
Q. 
w 
0 

SANDSTONE, cont'd. 

-
-

f-

~ 4.1 18.3 74 14 · · · @ 22.0m, qu = 2233 kPa I-

- -
-.eters. -
to HQ3 ~ 

lh surfa~ 
d water. - 4.8 18.3 74 22 f-

~ 
1-

-
1--

- 1-
18.3 70 40 4.1 I-

- -

~ 
1-

- 1-
4.1 9.1 100 90 17.5 f-

- -
- @ 27 .4m, qu = 1533 kPa I-

~ 1- -0.7 36.6 92 76 1--+------·1-,....,.6..,...6+--+--+-- l . . 1--

t - I-

.. - -
~ -
~ 1- 0.7 45.7 86 70 1-11-+----+-,:-::9-::.8~-+-+----t . : : 
~ 30 ~ ~ __ ,,! ~:tion [)] Augar r~r ~ ~~ ~Penetrometer 

_§2 ~ ~ ~ • Shelby [i] Vane Shear 

--- !> I] Coro ~ Bulk ~ Special 
_ ~ Barrel ~ Sample ~ Samplers 

@ 29.3m, qu = 1387 kPa 
f-

WATER LEVEL OBSERVATIONS 

While Drilling ¥ m Upon Completion of Drilling 
TI~ Mer Drilling 17.5 hrs. 
Depth To Water (m) 5.8 .!: 

5.2 m 

----8 n Drive [{;)i) Grab B Testpil 

~ ~~------~~==~Ca~~~-~~--~-------=~~~~m~pl=e_;E3~--------~-------------------------------------------__J 
Remar1<s: River elevation on 4-25-01 == 714.2m. 
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i

i

I
il

LOG OF BORING
Geoll

7 UOITANA DEPAF.TT

OF TRAIISPORTAI

,"t rt*t*"1",
PaiedNarne TolEue River - Mites City {3909M) ProiedNu'r$er BR2-1(34)2
Eorende Lo€dd: Sta.69+91.4, t 7.t m Rt. of proj. C€ntertine

BorelF|g---------
Numbec +16-01 lsrleer ao, q

Ddiins EqljplrFnl CME 850 O,irkr: B. Pickgtt lr* p u"c""
On:Iing Flrid: DEr'€br {n'm): 114 Dale Sladad: +1&01 lD,i6Frni.h..J. z!-17-n1

D'flins#mm G.o!nd: 720.a3 *"*, Noies: L6gat Descripton: .08N47E33!BA. Slationing, offsot and
eEvaron provided by Disldcl Survey. y 

= 4:t6i .5589, X :
39154312. Xand Y based on tocai projed coordinales.

E

ORILL

I
g

?E
at
Efi I6

a

d

E

a
g

3

o

f,
5
:]

J

c
9

I
&

5

s
E g

E

IIIATERIAL DESCRtmON
E

REMAFKS

SPI

32

3a

45,7

12,3

3.2

15.2 5A

SANDSTONE, contd.

@ 31.1m, qu = 1939 kpa

@ 32.6m, qu = 1375 kPa

@ 35.1m, qu: 1575 kPa

@ 36.9m, qu = 1385 kpa
37.3

:

I
l*'
:

:

)

SILTSTONE, freshlywealhared. sofr6
rn€dium lleld hardness, gray, weakty

@37.8m, qu:1226 kPa

b

SANDSTONE, line greined, freshiy
weahered, very sofl to medium fleld
ha.dness, g€y and tight gray, weakty
cemenEd, ocaaslonal coal partings.

@ 39.6m, qu= 1978 kPa

IT
K
tr
M

I
I
a
e

qpn
M Psdrdrew

|;l sDsiar

Elr*on

WATER LEVEL OBSERVATIONS

\ Jhile Ddlling I -m Upoo Completion olDjling y_-9t
nm6 AfterOnllnq 17.5 hrs.
DeDh To Waler (m) 5.8
Rmad(s: River eleyation on +2101 = 714.?ln.
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MONTANA DEPARTMENT 

LOG OF BORING OF TRANSPORTATION 

Geotechnical Section 

---......_ ~Name: Tongue River- Miles City (3989M) 
Borehole 
Number: 

1 Project Number: 

4-1~01 of ---;--- ~Location: Sta. 69+91.4, 17.1m Rt. of Proj. Centerline 

~ ~Equipment: CME 850 ~ 'Automatic Driller. B. Pickett Logger. P. McCann 

BR 2-1 (34)2 

1 Sheet 5 5 

-::----.- ~ Borehole 
~1 ~·F~Iu_~_: ________________________ -L~-·_me __ re_r~(m_m~)_:r1_14 __ _LD.a __ re_s_~_. _oo_: __ 4_-_1~ __ 0_1 ____ ~_Da_t_e_Fm_i_~~: __ 4_-_17~-~0~1--~ 
---....... f2;;ti0ii 
lt and ~oatum: Ground: 720.43 
l, X:: v DRILL 
3tes. 

z 
0 

~~ 

>-
0 -- <V I ~ a.. ~:z e ~ 

z w J: 0:: ~Q >-
0 a: 

Casing: 

c 
~ 

1-
z 

~ 
w 
1-z 

E 0 
(.) 

en w 

.... 
1- ::2 
~ ::::; 
::::; (.) 
0 i= 

Notes: 

(!) 

g 

l egal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y = 4361.5589, X= 
3915.4312. X andY based on local Project coordinates. 

~tu ..... zen 
g ~ w~ 

::>~ ffi 'MRKS ~ ::> oz w 
~ :.:<.!l 

_, 

~ 
z 0:: 
w ::> 5 en 

:5 1- 0 

(.) 

J: MATERIAL DESCRIPTION 
§: 
I .... 
a. 
w 
0 

REMARKS 
li>:e~ 

0 

~ en >- 5 
::::; a. 

0:: 
SPT 0 ::E LL PL (!) 

~ w 

~ UJ w 
~ gjffi g~ 1). a.. 0:: 1!1 

0 0 a. ua. a:o a: 
40.2 - I I SANDSTONE cont'd . 

Bottom of Hole Elev. = 680.2m 
qu = Unconfined Compressive Strength 

~ ~~oo~n--~IJ)==-------.n~~m~~~~~~-s~-n---=~=--------r-----------------------------------------1 
~ TYPes: Auger Types: ~spoon ~Penetrometer WATER LEVEL OBSERVATIONS 

L-.§J- i: gssg ~a~r I Shelby 10] Vane Shear While Drilling St. m Upon Completion of Drilling 

___./ [) Core ~ Bulk (";1 Special llme M er Drilling 17 .5 hrs. 
___./ 

0 
Barrel ~ Sa~e ~ Sa~rs Depth To Warer (m) 5.8 

o f\71 Drive lmiJ Grab E3 Test..vt Remarks: River elevation on 4-25-01 = 714.2m. 
___...., " M Casing 1121 Sam~e E3 .... 

---~ 

5.2 m 

SECTION II Page 33of60 



River- l\4jles city (3989M)

Borehole Location: Sta. 70+58.0, 1 5.4m Rt. of prq. C€nterltne
Dr:li.A EquiFnent CME 050

Daroslatied: 4-1&01 Date Fmisned: ?t-18-01Glc1uid: 718.29 Casmg: *'* 
;Fi3!fi"fi$ffi '}'}ifiii""}idfi"ffi iftri#

sitt, trace orsaniGlitEiiip,-
r, some clay,iE6irti

r, tcce claylE6;E ;
rnoisl, brown, tery loose.-AJ

SAND, trace graveLFrido=66EEl--
s-qDangutar to sutound€d, Oamp io nnisr,

ffi;d.E: ;;liii i"*H:ffi :??i:%i3!,i:
toose ro very toose, occaito;;i;i - ''""''
rragrnenls, cravelis fine to @ars€.

::g33|5l*f,',:!:,19,1 mixed,i,ho,osies,

sanoy cuvE-iid6GlEEliiiiiii6
sulrounded, wel, mixed tithobglBs,-v€rv

!*,=fl 
"",%:sxi:Bffi #i:"Tr**.{{,"",.

sANDS]ONE, tine grained, s;veretv-
w^e€rnered, v€ry son fietd hardness,'gray,

sanloler j(_7 c-,irvpes: bl Sill!" p e"n"r,o*r",

! snouy @ u"*s,,*,

lzE:it"" Ejgtrt"
g"cY;* Sr*".

WATER LEVEL OESERVATIONS

l1'lt_o^n,,'1n.... 
v 3.9 I .upo"c-.,pr"b*aoi,rr^s]-m And Odnins 

-05 
hri.

RsEJrs: River ere\raii66;;-n 4-25-i=?-i 4.2m-

LOG OF BORING oF rRA spaRra:';:,

Geotechnical Sedion

e.,,4d,

Bllng t

E

b

E

sEcTroN tl



PARr MONTANA DEPARTMENT 1RTAr~~: ~- • LOG OF BORING It m OF TRA!ISPORTATfON 
~ ... 
>n Geotechnical Section 

----....._, ~Name: Tongue River- Miles City (3989M) I Project Number: BR 2-1(34)2 

2J
~~~L~~~~--: --S-~--~7~1-+2-0-.5~.-1~9~.9~m~R~t.~o~f~Pr~o~j.~~~. -:-~-rli-~-e---_ -----..~~u~~~~7.r.7~--4--1-~~1~~~~~-;l~~~t~~1~-d---1--~ 

f)ilill9 Equipment CME 850 Type: · Automatic Driller: B. Pickett Logger: P. McCann 
~ Borehole 
()!ilinil Fluid: Diameter (mm): 203 Date Started: 4-18-01 Date Finished: 4-18-01 

---~ ~tiof'l G nd 71826 ~• --. l ~Datum' rou : · Notes·. :!t and 3nd · Casing: 
Legal Description: 08N47E33CAB. Stationing, offset and 
elevation provided by District Survey. Y = 4391.4289, X = 
3975.8959. X and Y based on local Project coordinates. 

),X~ ~~~D~R~I~LL--~~--T-r-~----~--r--r~r-~--4 
ates. 

--
MARKS 

-;temauger, 
Jer bil 

z 
g 0 

~ :r a: IL w 
. IJ) 0. 
' o 0 
~ 
o~t:'. 

-

~ 

"' 0. 

~ 
w 2 0:: 0. :;, .s 
~ 

~ w 
0:: 
0. 

~ 

l t-z 
z w 

t-0 ::::.. z 

~~ ~ 
0 
(.) 

(ij w 

~z0 m a: 
:;, 

· a I-1-WW (J) (J)O.t- >- 5 0:: 
SPT 0 :;: 

1-
I- ~ 
~ ::::; (!) 
:::; (.) 0 

....J 

I 0 I= (.) 5 5 x MATERIAL DESCRIPTION 
:X: 0 

~ t-::::; 0.. 
0.. 
w ll PL (!) 

2-3-4 19 
0 

rx so ' ' ' 1 TOPSOIL, clayey sill, some to trace organics, r 0.2 
\damo. brown. o.5 r-rx-l-so-1·---1-3-4---l---+-10-+--+-~-1--1--1-hl \Clayey SILT, trace gravel, trace organics, 'r 1-

6 ! \damo. brown loose. A-4 
i\J 100 2-1-2 24 SILT, some organics, trace sand, trace clay, I-

I/\ 6 damp, brown, very loose to loose. A-4 IX 75 4-3-3 ~ -- NP 1-

X 100 1-1-2 30 
1-

IV 100 1-2--3 11 . \ 1-

!/\ 13 '1-..,....----...,--,.,.,.--,.-------------.....,-----r·2.7 
IV 100 3-3-6 11 -- NP · · Gravelly SAND, fine to coarse, subangular to b-

f-1/\-4---1-------+----1---+---1-- l · · subrounded, wet, mixed mineralogy, loose. 117 
. . · Gravel is fine to coarse, subangular to 

subrounded, mixed lithologies. A-1 

f-

~~ 
~ ---~------11--~--~-+--++·~·~· ~~~~~~~~--------~--~--~~.6 

. 
IV o 2-1-o pv \. Sandy GRAVEL, fine to coarse. subangular 
1/\ 0 Do to subrounded, wet, mixed lithologies, very 1-1'-1!--l------I--+--+--~----IJo C loose to dense, occasional cobbles. Sand is 

i>O C fine to coarse, subangular to subrounded, 
~Do mixed mineralogy. A-1-b 
110 () 

poe 
~IV~~7~5+--~-~~27~~-+-s-+----~~N=P~•Go 
1/\ Do () 
H-~----~~~--~POC 

•Do 
Do () 
pO( 

1-

1-

ht-4-------~-+--+--+---t-;• G·< 1-
1--+--+---+--tiV\ 100 9-15-30 22 ~-:f~4-...,..,c-=::-=,..,..,=:-:"'7-,:::-=~-=------:-.,-------{:7.8 

1/\ 16 ~; SILTSTONE/SANDSTONE, severely to t:a.1 .___._--'--....1--L--L...:~.........J. ______ -~.. __ .L.,_.:....J.. __ _,____..;;;.:.:~\ moderately weathered, soft field hardness, / 
\orav. weaklv cemented. 
Bottom of Hole Elev. = 710.2m 

-- ~lion 

REMARKS 

Hollow stem augers 
with finger bil 

[I] Auger Sampler [gj Split ~ Penetrometer WATER LEVEL OBSERVATIONS 
---'· 

TyPes: Types: Spoon 

~ ~Casing .Shelby m Vane Shear While Drilling ~ 3.2 m Upoo Completion of Dritnng Advancer 
Time Mer Drilling 0.5 hrs. ---- []Core ~Bulk 1!1 Special 
Depth To Water (m) 3.4 Barrel Sample Samplers ---- ISZI Drive IQI Grab ~ Testpit Remarks: River elevation on 4-25-01 = 714.2m. ---- "...._ Casing Sample 

:'l 4.3 m 

----~ 
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-
LOG OF BORING 

MONT ANA DEPARTI,{f.l(r 
OF TRANSPORT AT IO. 

Project Name: Tongue River- Miles City (3989M) 

Borehole Location: Sta. 71+81 .6, 15.7m Rt of Proj. Centerline 

Dtiling Equipment: CME 850 
Hammer: . 
Type: Automatic 
Borehole 
Diameter (mm): 203 Drilling Fluid: 

Elevation 
and Datum: Groond: 718.17 Casing: Notes: 
r--.--~D~R~Il~l--r--r--.,r-~-----.--,--,--,--,---; 

>- -0:: 0 w 
~ "' 8 z 

0.. 
~i' ~ 

0 

~ Ot= w :::iO ~;? z w i 
a:: ~- >-g 0 a:: 
~ :>~ 

a:: ~tiJI-~ :> oz w w 
X (/) ~~ i[ ~ Z(f) 
1- (/) w IUO 1-WW 
Cl. w w 1- a::o:: 0(/) ~ 0 (/)Cl.l-
w Cl. a:: ~ Ow Ow w 
0 0 Cl. 00.. a::o (/) 0:: 

~ 

I 
.... 
z 
w .... ... 
z .... ~ 

~ 
0 ~ :::; 0 :::i u iii w 0 i= m a:: 
':> 5 ~ 0 1- 0 (/) 

>- 5 :J n. 
a:: 
0 ::i: 

Geotechnical Section --...: 

I Project Number: BR 2-1(34)2 
Borehole 
Number: 4-19-01 

Driller: B. Pickett 

Date Started: 4-18-01 

I Sheet 

logger: 

Date Finished: 4-18-01 
-; 

Legal Description: 08N47E33CAB. Stationing, offset and 
elevation provided by District Survey. Y = 4442.6554, X:: 
4087.4510. X andY based on local Project coordinates. 

MATERIAL DESCRIPTION 
g 
X .... 
Q. 
w 
0 

REMARKS 

z 
I g 

~ ~ w 
fu Q. 
0 0 

~-+,nr-1--1--+--+~~~~~+--+~~~~~~-=~~--~------~r-----------+--4~~----~~ 
' '· ' h TOPSOIL, silt, some organics, trace clay. r 0.2 Hollow stem~ 

SPT 

X 40 2-1-2 
ll Pl 

26 

-
-
-

~ 

-

-
-

Hl-:-::-:~l--:-~-i--1-~-1--l -:-:::- I~ \cdi:"iiai-'m~lD'+"'.b'-'ro:.:.w:.;.n+:. ~~::-::-:-:-:--:-:-=-:-:--.------'r _!!.5 with finger bit. 
IL T, trace clay, trace organics. damp, 
rown verv loose. A-4 IX 100 1-1-2 35 --- NP 

15 

~ 
50 3-3-3 7 

X 75 1-2-3 5 -- NP 

SILT, some organics, damp, brown, loose. r-;
2 .... ~A-4 r · 

··.: :.: · Gravelly SAND, fine to coarse, subangular to _ 
· . . : subrounded, damp to wet, mixed mineralogy, 

.... :· loose. occasional coal fragments. Gravel is _ 
fine to coarse, subangular to subrounded. 

l-)1-:=+--:-:=-=-- •--+-
1
-:-
9
-1--1---1:. ·. · mixed lithologies. A-1 X 100 4-4-3 

[X 100 4-3-3 

5 

~ 
100 5-4-5 

100 2-5-4 

6 

6 
17 
23 - NP ·. :· 

1:3.7 
Bottom of Hole Elev. = 714.5m 

! ~ ~ 
~ ~ 

3 b ~ 

s ~ 

-

-

~ !' ~ 
2 4 i~ 
~~~~---=~------~~~--~~--~~-------.-------------------------------------- ~ ~ ~~ ~ ~==tlon [(J Auger ~~r ~H~ ~ Penetrometer WATER LEVEL OBSERVATIONS _.1 i 1YPes: 

~ PiTtt Casing I Shelby rml Vane Shear While Drilling 5l- 3.0 m . Upon Completion of Drilling !.,_.../ ~ 
~ ~ Advancer llJdl / -~ 
~ [] Core ~ Bulk r.l Special Time Mer Drilling .---- ' ~ 
u. Barrel ~ Sample ~ Samplers Depth To Water (m) ____.-1 2 
~ fQJ Drive ~Grab El Testpit Remarks: River elevation on 4-25-01 - 714.2m. __/~. ' 
o CaSing Sample E1 
~L--------~=-~~--~------~~--~--~---------L------------------------------------------
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MONTANA DEPARTMENT 

LOG OF BORING OF TRANSPORTATION 

Geotechnical Section 

Tongue River- Miles City 

Sta. 72+64.8, 17 .3m Rt. of 

CME850 

SECTION II 

Casing 
Advancer 

Core 
Semel 

Drive 
C3sing 

5-5-5 

1\71 Split 
IC:lJ Spoon 

ls~lby 
~Sulk 
~Sample 
[il)i) Grab 
l12] Sample 

·Automatic 

~ Penetrometer 

[i] Vane Shear 

1.1 Special 
~Samplers 

Testpit 

of 

P. McCann 

Date Finished: 4-18-01 

MATERIAL DESCRIPTION REMARKS 

stem auger 
finger bil 

WATER LEVEL OBSERVATIONS 

~ile Drilling ~ m Upon Completion of Drilling Sl_ m -=---
Time After Drilling 
Depth To Water (m) 
Remari<s: Groundwater not encountered. 
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'1 
~~ 

1 
I 

LOG OF BORING OF TRANSPORT AT 101( .:: 

MONTANA DEPARTM£~ 

Geotechnical Section 
-... 

I --Project Name: Tongue River - Miles City (3989M) Project Number: BR 2-1(34)2 ~ 
r-~----------~~----------~~~~-------------..~~~~e~----~~~~~~~~~~~--------.... ~ 

Boreholelocatioo: Sta.69+47.1, 7.3mlt.ofProj.Centerline Number: 4-21-01 Sheet 1 of 3 ~ 
~~~~~~--~~~--~~~~~~~~H~a~m~me~r:----------~~~--~~~--------~-J~~~~~~~~...... ~ 
~o-~_fi_•~~E_q~u~~-~ __ t ___ C_M_E __ 85_o ______________ -hT~~~:--__ A_ut_o __ mat_ic __ ~o_n_·lle_r: __ B~._P~ic~k~ett~-------+~L~~~----P~·-M~c~C~an_n______ ~~ 

Borehole ~ .---
•. o~n~·n~in~g~A~u~id~: _ ______ ___________ ~~D~Ia~me~te~r~(m~m~):,1_1_4 __ -LD_a~~~S~~~noo~: --~~~2~~0~1------~0a~t~e~R~m~l~~ed~:--~~2~4~-~0~1---ll1~f1~ 
'Elevation ~ti< 
~a::.nd=-:;Oa..=tu=..:.m~: __ G_rOl_J .... nd_:--.-7_

1
_4 ..... 2-4...--.------Ca..,s_in_g..,: ,....7_1_,4,....·3_9-.---..-~ Notes: Legal Description: 08N47E33CBA. Stationing, offset and ~a 

DRILL elevation provided by District Survey. Y = 4365.1128, X= ~,... 
3864.9812. X andY based on local Project coordinates. >-e! >-
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-
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~ :.::<!) 0.. 
u - ~ u offl w 
0:: 0 C/) 0:: 
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)f:Jo< 
boc 
of:Jo 
Do D< 

~~-1-~--+-+-~~~bO( 
1\J 40 2·3-3 17 -- NP b f:Jo, 
lf-;\'1--l----1-- I- -1--J--lo t;_ 

Po'­of:Jo 
t>o De 
pO e 

MATERIAL OESCRIPnON 

Sandy GRAVEL, fine to coarse. subangular 
to subrounded, moist to wet, mixed 
lithologies, loose, occasional 
cobbles/boulders. 

-
>-

>-

1-

>-

>-

g 
:X: 
1-
0.. w 
0 

>-
3.4 

- hl-+------1--1----1--~---ho CJ o< 
::1\\\ 'l----1-·+--f--liXj 25 42-37-18 20 1-~.t: .. ~:>,D.:J------=-=--~,.--.,..,-~,.-,.,..,------,--------t 

- P??i ~-1-----1--+---1--l--+ · · · · SILTSTONE/SANDSTONE, severely to 
Ill).; Lr-.~-1--c.,-,..,--,-=:- -f-,--- .:.: :- · freshly weathered, soft to very soft field 

-

4.8 22.9 100 50 X 100 13-20-27 18 -· :::-.: I led 
hardness, gray, weak y cemen , 

1-11-+------1--t---f--+->-':- occasional coal partings and seams. 
~ :-
~--': -:-.. 
~· : -· 

.. :.:: ::-.. 
- ~1--1------1--1----1--4-1~: ::-.. 1- 4.8 15.2 100 70 .:.: : .-:-. : 
-

-

-

-
~ 

1-

.:.· -:-. 

.:. . ::-.. 
~"- -

~· :-:- · 

~: .-:-. 
~·: :-:. 

~1-+------1--1----1--4~~ :-
4.8 9.9 10(> 90 . :.: : -:- . 

~ 5.5 7.6 100 90 

.:.·: ::-.: 

.:.·:.- _ 
~ :-- · f- · 
~ : -:- · 

f7.:=·. 
~~+------4--+--4--4--4-

@ 6.6m, qu = 332 kPa 

-
>-

>-

1-

>-

>-

1-

~ 

>-

>-

K REMARKS 
~ 
Q. 
w 

HWcasing 
0 

1--

advancer with roa 
bit -

-

-

J.L 

-
-

-
@ 3.7m switched I 

~ HQ3 coring with 
surface set bit and -
water. -

-
-

r!L 

-

-
-
~ 

- >- :.-:-.. 
~ :- · 

.:.: :-· 

.:. :::-. 

.:.·:-:- .. 
,:.:;- · 

g -

-
j.. 

g 
1.' ..: 

' & 
' ~ ' 

! ~ ~~1~0~~~~4~-8~14~-~1L~~~~~~~~~~~-)~---~--------~-h~--_-L~----~+~-~~4_-_-~;:::~:~=··~· -.-------------------------------L--~---------i ~~ 
~ ~:lion [}]Auger ~~ ~~~ ~Penetrometer WATERLEVELOBSERVATIONS _.t i 'Yile: 

~ ~ ~~r I Shelby lillJ Vane Shear While Drilling 'S1. 0.2 m Upon Completion of Drilling ~ ~ 
~ [] Core ~ Bulk 1.1 Special llme .Mer Drilling ~ a 
~L- Barrel lea Sample ~ Samplers Depth To Water (m) • ~f ~ 0 

1\71 Drive (iiiiJ Grab E3 Remarks: •• Gasing approx. 0.15m above ground at hole r ~ g QLJ Casing ~Sample EJ Testpll comoletion. Flow out of casino annrox. 7.5 Vmin. _..-/ 

>- ::--

SECTION II Page38 of60 

( 
i 
I 
I 
I 
( 



LOG OF BORING 
MONTANA 0£PARTM£NT 

!S. 
' >- ~ 0: 0 w 

~ ~ 

8 "' 0.. 
~:z ~ w ::;o z w 2 0: <;:: t 0 0: c. ~ ::>~ w :::> 

~ z 
~ 

~ 
u; 
z 

z 
0 

~ o;:: 

~~ >-
0: 
w 

~ 
1-z 
~ 
0 
0 
w 
0: 

Driller: B. Pickett 

Date Started: 4-24-01 

Logger. P. McCann 

Date Finished: 4-24-01 

Legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y = 4365.1128, X = 
3864.9812. X andY based on local Project coordinates. 

w ~ 0 
VJ 

~ljjl-~ g 
X VJ ww 0 ..J > ZVJ 

VJ w 0:0 !<: <!) 0.. 0 1-WW 

fu uu; ~ 
MATERIAL DESCRIPTION 

:§: 
REMARKS :X: 

>-
0: 6 
0 :::! 

w w .... 
offi 0 VJO..t-

0.. 0: ~ ow w 
0 0 0.. 00.. 0:0 VJ 0: SPT 

1-
a.. 
w 
0 

SIL TSTONEISANDSTONE, cont'd. 

-
1-

-
I-

-

- -
rm 12.7m. au= 640 kPa r 

12.8 

SANDSTONE, fine grained, freshly I-
weathered, very soft to hard field hardness. 
gray and light gray, very weakly to weakly -cemented, occasional coal partings and 
seams . 

-

-
;witched 
19 with .1L 
et blt am -

- 3.5 26.1 42 12 16.0 
1-

- 1-

- -
r-!t: 1-

3.5 18.3 48 16 @ 15.7m, qu = 1324 kPa 

- 1-

- -
- 3.5 15.2 80 50 

1-

I-

~ - 1-
g 
~ - 3.5 14.1 80 36 

-1--1-----+--+--+--+-----1 ' . .. . 

1-

- ~ ~lion [I) IVl · J:8l V TIONS ____, • 'YI>es: Auger ~ ~~ ~Penetrometer WATER LEVEL OBSER A 

r •• ~ Pl7t1 casing I Shelby rrn1 Vane Shear While Drilling ~ 0.2 m Upon Completion of Drilling ~ ~ ~ tm::l Advancer ll!dJ 
---' ~ [] Core ~ Bulk ~ Special lime After Drilling 
___.- ~ Barrel ~ Sample ~ Samplers Depth To Water (m) ___ .! 

8 K/1 Drive (iiii) Grab E3 Testpit Remarks: .. Casing approx. 0.15m above ground at hole 
~ "'----------~~~~~~a:~~~~~--L--------=~~s~a~mpl~e~E3~--------~------~co~mun~nlewti~oln.~F~II~~wwo~ullt~o~fca~3~si·ln~aa~~o~olro~x~.~7~.s~vm~in~.------J 

•• m 

SECTION II Page39 of60 

'I 
I 



LOG OF BORING 
MONTANA DEPAATI,ff./ft 

OF TRANSPORTATIO~ 

Geotechnical Section -. 

T Ri 'I c I -.... ~ N< ~P-~~ed __ N_a_me_ : ______ o_n~gu_e __ "v_e_r_-_M_r~~-~~~{3~9~89~M~)~----------~~~~----LP_ro~~~N~u~~~~· ~B~R~2~-1~{~~)2~------~~i!l ~ 
Borehole 1 -Boreholelocation: Sta.69+47.1, 7.3mlt. ofProj.Center1ine Number. 4-21-01 Sheet 3 of 3 ; ,sore~ 

~--------------~------~-..~~-------+------~------~--~~==~~. ~ Hammer. ~ 
Drilling Equipment: CME 850 Type: Automatic Driller. B. Pickett Logger. P. McCann ! 1 ori~ 

Borehole ~ ~ 
Drilling Fluid: Diameter (mm}: 114 Date Started: 4-24-01 Date Rnished: 4-24-01 , Drilling Fh 
~~~--------·----------------------~----~--~----~--------------------~--------------------~11 ~ Elevation G•ound· 714 24 CaSt·ng·. 714 39 ""'f ~a""Da .. ll!_r 
and Datum: •· · · · Notes: Legal Description: 08N47E33CBA. Stationing, offset and ~.--:1 ~-=~.:...:..::.:,..DR""'I-LL--.-_,.--..,.--r--.--------.----.-----r--..-----.~ elevation provided by District Survey. Y = 4365.1128, X = _ 

c 

~ 
:ll 
g 
g ,_ 

. ~ 
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0 Ct: 

w 0 ~ 6 Ct: Q. >-~ 

~ 
() t::6 w z w z Ct: ;i-g 0 Ct: a. tz :;;,~-' 

i= ::> .§. 0~ w I ~ (I) w ~!':2 ii ... (I) w W() 
Q. w w ... Ct:et: 0(1) ~ w Q. Ct: ~ Ow ow 
0 0 Q. ()Q. et:o (I) 

- 1- 3.1 15.2 96 48 

-

-
22 

4.8 22.9 90 84 

-
-

- 3.5 36.6 68 16 

-
- 3.5 26.1 50 0 

-

~ ... z 
z z w ... 
0 6 z 

Oj:: 
~ 

0 

~g () 
(i) w 
z Ct: ZWt- w ::> <(Z(I) 
0 ... 1-'WW (I) (I)Q.f- >- 5 Ct: 

SPT 0 ::E 

§: 
)-
Ct: 
w 
> 
0 
() 
w 
Ct: 

16.6 

3864.9812. X and Y based on local Project coordinates. 

... 

MATERIAL DESCRIPTION 

... ~ 
~ ::; (!) 
::; () 0 

-' 0 i= () 
5 ~ r 0 

~ :::; Q. 

LL PL (!) 

. . 
' . . 

z 
g §: 0 

REMARKS i= 
I :X: ~ 1- li: w Q. 

0.. w w 
0 ~ 

0 

SANDSTONE,' cont'd . 
... ' 

1- -
. . . .. . . .. 1- -

.. ~ -

.. . . ~ e-1--

~ -

~ - ( 
( 
( 

- - ( 

1-
.._!_ 

1- -

1- -
--

1-
r-§..: 

26.5 -
Bottom of Hole Elev. = 687.7m -
qu = Unconfined Compressive Strength 

-
r-L 
' .• -
~ 
0 

' -
~ 
l ..: 

2 -~~ ~h,.........-,--..........,=----..,--:::----;----::=----==------.---------------------) i QPel rati{ 
~ ~~:tion [(]Auger =er ~ ~~ ~ Penetromerer WATER LEVEL OBSERVATIONS _...,..,, ~ Yl>es: 

~ I m .'it: ··-~ i §E Casing Shelby Vane Shear While Drilling 5;{: 0.2 m .Upon Completion of Drilling ~; ~ a: Advancer " 
g [] Core ~ Bulk r.1 Special lime Mer Drilling ~. ~ 
:5 Barrel ~Sample ~Samplers Depth To Water (m} ~: ~ 

1\/l Drive Will Grab El Testpit Remarks: •• Casing approx. 0.15m above ground at hole ' • 
§ DL.J Casing ~ Sample El comoletion. Flow out of casino aoorox. 7.5 Umin. _../ 
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LOG OF BORING 
MONTANA DEPARTMENT 

OF TRANSPORTATION 

Geotechnical Section 

Tongue River- Miles City (3989M) T Project Number: BR 2-1(34)2 a
~Name: 
t:;? 
~. ore Location: Sta. 69+27.3, 11.2m Lt. of Proj . Centerline 

12: Hammer: 
'~nng Equipment: CME 850 Type: Automatic Logger. P. McCann 

of 
Borehole 
Number: 4-22-01 !Sheet 1 3 

~ ~~Av~~~: -------------------------L~~·~me~w~r~(mm~)_: r1~14~-L~D.a~~~~rt~oo~: __ 4_-~2~~0~1----~~Da=t~e~R~ni=~~oo=:~4~-~2~~0~1--~ ..:__ :;c;:;-tion 
afl(!1 ~Datum: Ground: 714.24 

Driller: B. Pickett 

Casing: 

X :: ~ DRILL 
~ 

Notes: Legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y = 4360.2992, X = 
3845.4026. X and Y based on local Project coordinates. es. 

---
'\RKS 

-

.. 
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0:: 
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'ii > 
0.. 8 ~ w z 
~ :2 0:: 

E 0 0. 1-

~ ::> .§. z 
~ 

(/) w 
0:: (/) w wu 
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Ul 0.. 0:: Ow 
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-
-
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Ow w 
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~ 0 ~ u :::i ii) w 
z 0:: 0 
w ;:) 5 
0 1- 0 

ir 
(/) :::i 5 

0 :::E Ll 

1-
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i= 
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0.. 

Pl 
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0 
..J 
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l: 

~ 
~ 

•G'? 
~o D 
pO( 
•Go Po De 

~~~~--12-~-~---+--+-8-+--4-N~P~~~ 
8 •u , 

~~4-------~-+~+--4---¥-o D 
pOe 
•Go 

MATERIAL DESCRIPTION 

WATER Tonoue River 
Sandy GRAVEL. fine to coarse, subangular 
to subrounded, wet, mixed lithologies, very 
dense. 

I 

g 
:X: 
1-
0.. 
w 
0 

0.2 

~ 

1-

t-

-

~o D 

- 1:-J---o-l~---,-+--+---1-+--l~ ~ ~ 1-3.2 

-~~))))~-+--+--4---- 100 2~1~25 2191 ~·~~~~~~~~----~~~~~--~-----+ 

-

-

-

-
-
-

-
-
-

~~+----if---4-.:..:_lf--+--t:.~·: _ . SILTSTONE, severely to freshly weathered, _ 
· · moderate to soft field hardness, gray, weakly 

4.8 10.8 96 66 100 13·29-39 19 1~.:: :-.. cemented. 
17 1-:::-:-. 

H:- .J----4- +--4-+---4,:. .. .. 1-
r::: :-:-.: 
~ :-:-

~:: : : 
5.5 10.8 t-

1- . . 
t-1-11-+-------+:-:~---1--+---r~ : - .: 

5.5 16.6 84 72 18.2 r-' : :-:-. : 

5.5 14.1 86 60 

~: :-. 

~· : .-:-.. @ 5.6m. qu = 968 kPa 
~:.-:- · 
~-- : ~ : 
1- :-. 

1-

1·:::= . ~.7 
~--l-------~-~--+-~-lf-~ .. ~: .~. ~. ~S~I L~T~S~T~O~N~E~ffi~A~N~D~S~T~O~N~E~.f~re-s7hl~y------~ 

1- :- · weathered, very soft to soft field hardness, -
1- :- .: gray to greenish gray, weakly cemented, 
1- : .-:-. : occasional coal partings and seams. f::: - 1-
~::-
~ : -:-

1-1--1------1--1-4--1~-~-: - . 
5.5 9.6 100 100 ..:::=: 

~:::-:. 
1- ::-.. 
~· : - · 

~~ . .': -:- . 
~ :-:-. : 

10. t- 5.5 ·~1--+----4-4--4-4--4~ : ~: 15.2 100 100 

REMARKS 

HWCasing 
advancer with rock 
bil 

@ 3.7m. switched 
to HQ3 coring with 
surface set bit and 
water. 

[I] Auger =:er ~ ~~ ~ Penetrometer WATER LEVEL OBSERVATIONS 

1'//il Casing • Shelby lml vane Shear While Drilling Sf. 0.0 m Upon ~etion of Drilling tffi:j Advancer l!.h!l 
I] Core ~ Bulk r.l Special Time After Drilling 

Barrel t;e:j Sample ~ Samplers Depth To Water (m) 

0.0 m 

f\i1 Driv l.mi] Grab E3 Rema~Ks: River elevation on 4-2~01 = 714.2m. ----~• ''-------~~~~Ca~s~fng~ __ J_ ______ ~~~~S=am~p~~~E3~_T_es_~_·t ____ -L ______________________________________________ ~ 
---~ 
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LOG OF BORING 
MONTANA OEPART~f~ 

OF TRANSPORTATto~ 
--.. 

Geotechnical Section r-----------------------------------------------------lr------------------------
rp-~~·ect __ N_a_me __ : _____ t_on~g~u_e_R_iv_e_r_-M __ ile_s_C_ey~~(3_9_8_9M~>-------------r,~~~----~P_ro~~~N~umre~~r. __ ,B_R_2_·1~(_34~)_2 ______ ~jll~~ 

Borehole I Borehole Location: Sta. 69+27.3, 11.2m Lt. of Proj. Centerline Number: 4-22-01 Sheet 2 of 3 t (loreholt 
Hammer. 

~D~ru~~~~~~E~q~u~~~me~nt~· --C~M __ E~8~5~0 ______________ ~T~~~:~ __ A_u_to~rna __ t_ic~~on_·_r~_r. __ B_._P_i~~e_tt ________ ~L-~~~-· ___ P_._M_cC __ a_n_n ____ ~~ ~ 
Borehole 

hD~n~'lli~ng~FI~u~~:~-------------------------LD~i~ame~~~r~(m~m~):~1_1~4---LD.a~~~S~~~oo~: __ +~2~~~0~1 ______ LD~a~te~FI~I~nis~~~: __ 4_-_2~~~0~1---ilJI ~ 
Elevation Ground·. 714.24 Casinn·. · ~ 

j..:a::.nd=-.:;Oa:;:lu:;::.:.;m::..: ----..---.---....-..----.-------.-·--.·"--~--..---.--1 Notes: Legal Description: 08N47E33CBA. Stationing, offset and ,.1d Da11 

DRILL ~ ~~~-~~~g~o~~: ~ ~~~~cto~~:~·p~~~3:!;~~i~~t:s~ ~: 
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-
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-

-
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>-a:: 0 w 0 ~ > 
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w 1- offi Oijj ~ a:: ~ ow 
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"E ~ 
6 ~ ~ 1- ~ 

~g ~ ~ ~ ~ 
ZWI- Z 0:: Q t5 
c(m(/) w ~= a a.:) ~CLW 0 Cl) -, 

1---w--1-----l ~ 0 ~~-1--­
SPT o =E ll PL 

f.:.:: .. 
~-~:: -:-. 
I-' ::-. 
~· :.-: .. 
._:.: :.-
1-·: :-:-: . 

5.5 16.6 84 52 1-11--+-----~-+-+--~--1.:.1- . .. 
~ :::-. 
._:.: :;-:-· 
~ ::-:-. 
~: :-:: · 

MATERIAL DESCRIPTION 

Sll TSTONEJSANDSTONE, cont'd. 

~·:::-.. f-. 

g 
:X: 
1-
CL 
w 
0 

l--ll---1----~-+--1--l.--11-~ .. ~::-.:.... -~· -----~--...,.----------+12.8 
5.5 30.5 ss 28 SANDSTONE, fine grained, freshly f-. 

weathered, very soft to hard field hardness. 
gray and light gray, weakly cemented. 

3.5 30.5 1-

3.5 45.7 40 0 

1-

3.5 22.9 40 0 1-1--~----+--4---J.--+-~ . : : : 
1-

-
5.5 16.6 100 80 

-
3.5 36.6 50 0 ·. . Frequent coal fragments 

I 
REMARKS :! 

1-
0. 
w 

~ 

-

-

-

.1L 

-

-

-
~ 

-

~ - ~ ~ 
~ ~ l~ ~~2g0~~-J_~--L-~~~~--L_-L-~~-~· ~··~~--------------------------~--~--------- 1 i ~l < 
"' Qperation [I] Sampler fV1 Spilt 181 ' ~ ~ Types: Auger T~: ~Spoon ~Penetrometer WATER LEVEL OBSERVATIONS ~ 

! 1m;:! Ca . • lii"iJ " 0 Sl Oj,t ~ lffi:j ~~r Shelby ll.b!l Vane Shear While Drilling .>!- 0. m Upon Completion of Drilling ±--- ~ 
(]I Core 0!il Bulk r;, Special Time After Drilling ___....., 

:!> Ba rrel ~ Sample ~ Samplers Depth To Water (m) ___.....,.
1 
8 

1.!> ~A Drive rmiJ Grab El Remarks: River elevation on 4-2~01 = 714.2m. " gL--------~~==-C~a_si~~~-L-----~~==~S=am~~p!e~~E3~T-e_st-pl_t _ _ l_ _______________________________ _,/. 
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LOG OF BORING 
MONTANA DEPARTMENT 

OF TRANSPORTATION 

Geotechnical Section 

---..__ ~ame: Tongue River - Miles City (3989M} 

~~LoCation: Sta. 69+27.3, 11.2m Lt. of Proj. Centerline 
~:;:;.-- Hammer: 

Borehole 
Number: 

I Project Number: 

4-22-01 

BR 2-1(34}2 

I Sheet 3 of 3 

3nn ~Equipment: CME 850 Type: · Aut6matic 
~ ;.;.-- Borehole 

Driller: B. Pickett P. McCann 

~5-01 ~~F~Iu~~~= ------~~~--------------~D-~_me~te~r~(mm~~):T1_1~4---LDa~re~S~·~~~=--4~-~2~5-~0~1----~~D=a=re~Fr~m~is=h=oo~: __ 4~-2=5~·~0~1----~ 
~~ Ground: 714.24 Casing: 
'Set and ~~~-Da~(l.(ll~:~~-.--·r--r-r-,------r-~--r--.---.,.-----.j Notes: 
)92, X:: v DRILL 
linates. 

~ - -.... a. 
~ 

:z w :2 g 0 cr a. 
~EMARKs ~ 

::;! .§. 
I ~ w ,. 

U) w 
~ fu l5 cr 

0 a. 

4.8 36.6 

3.5 26.1 

-
- 5.5 26.1 

~ 3.5 61.0 

-
-

3.5 16.6 

~ 5.5 16.6 

> a: 0 
w 0 
> cr 
0 >­
(.) 1-Z 
w :::;o cr <~: ­
... :;li-
z 0~ w 

ww ~(.!) ....J 

0:~ Oiii ~ 
Ow Ow<( 
oa. a:a (/) 

60 26 

52 0 

84 42 

~ 
~ 
w 
> 
0 
(.) 
w 
cr 

:.1! 0 

i" r-z 
z w g r- r-
0 z r- ::£ 

~~ j: 0 ::£ :::; 
(.) :::; (.) 

Qg iii w 
Q ~ m cr ~Wr- ::;! 5 ~ Z(l) 

Q r- 0 r-ww (/) (I)Q.r-
~ 6 

:::; a. 
SPT Q ::;: LL PL 

Legal Description: 08N47E33CBA. Stationing, offset and 
elevation provided by District Survey. Y = 4360.2992, X:: 
3845.4026. X andY based on local ProjE;Jct coordinates. 

0 
0 
....J 
(.) 

J: 

~ 
MATERIAL DESCRIPTION 

0 

SANDSTONE, cont'd. 
.. . .. 

r- · Sll TSTONE/SANDSTONE, freshly 
~::: : weathered, very soft to medium field 
t- · · hardness, gray, weakly cemented. t-:-:: :: . 
t- ... 
~ := : 
1-:'.::.:.: : 

Bottom of Hole Elev. :: 689.2m 
qu = Unconfined Compressive Strength 

g 
REMARKS :I: 

1-a. 
w 
0 

t-

t-

t-

t-

t-

t-

23.5 

t-

t-

25.0 

--- ~~~~~~~-----,~~--==-----=~------.----------------------------------------4 
TyPes: IJJ Auger - ./ , 

~ QJ ~Casing 
~ ~Advancer 
__..- (] Coro 
__..- BarTel 

1\.i! Drive 
~ ~Cas~ 
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lg/'1 
;, 9J m 

720--------

7 18 - - - - - - - 7/ii.OimnTimn~t----
7 16 - - ----- -

SIHstone 

-~ ~ ~ : ~ : ~ ~ ~ : ~ · : ~ ~ ~ : : ~ ~ ~ : : -~ ~ ~ ~ : ~ ~ ~ ~: ~ ~ : : : : : : ~ : : ~ : : : ~ : : : ---------i --------. -----------' ------
, . . I 
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FILL:  Sandy Lean Clay, low plasticity, trace small
gravel, brown, moist.

-lense of silty sand

SILTY SAND, fine-grained, light brown, moist,
loose.  (Alluvium)

POORLY GRADED GRAVEL with SAND, fine- to
coarse-grained, brown, waterbearing, loose to very
dense.  (Alluvium)

-trace cobbles

SANDSTONE, gray, fine-grained, moist, very soft to
decomposed.

END OF BORING
Waterbearing soils observed at a depth of 15' while
drilling.
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4

7

7

8

6

10

17

26/50-5"

33/50-4"

SM

GP

11.0

14.0

27.0

30.3

An open triangle in the
water level (WL)
column indicates the
depth at which
groundwater was first
observed while drilling.

Water not observed to
dry cave-in depth of
13.5' immediately after
withdrawal of auger.

Elev.

See Boring Location Sketch
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FILL:  Sandy Lean Clay, low plasticity, trace gravel,
brown, moist.

SILTY SAND, fine-grained, light brown, moist,
loose.  (Alluvium)

POORLY GRADED GRAVEL with SAND, fine- to
coarse-grained, brown with trace red, moist to
waterbearing, very loose to dense.  (Alluvium)

SHALEY SANDSTONE, gray, fine-grained, moist,
very soft to decomposed.

END OF BORING

15

8

3

10

5

5/4

8

4

35

31/50-5"

SM

GP

6.5

13.0

28.0

30.4

Water down 16' with
24' of hollow-stem
auger in the ground.
Water not observed to
dry cave-in depth of 9'
immediately after
withdrawal of auger.

Elev.

See Boring Location Sketch
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FILL:  2" topsoil and root zone over Lean Clay, low
plasticity, trace roots, brown, rather dry to moist.

-trace small gravel

SILTY SAND, fine-grained, brown, wet to
waterbearing, very loose.  (Alluvium)

POORLY GRADED GRAVEL with SAND, fine- to
coarse-grained, brown, waterbearing, loose.
(Alluvium)

SHALE BEDROCK, gray, fine-grained, moist, very
soft to decomposed.

END OF BORING
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4

3

3

11
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5
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SM

GP

9.0

14.5

27.5

30.5

Waterbearing soils
observed at a depth of
12' while drilling.
Water not observed to
wet cave-in depth of 15'
immediately after
withdrawal of auger.

Elev.

See Boring Location Sketch

PROJECT: 14-3228G
GEOTECHNICAL EVALUATION
Flood Control Dikes
Miles City, Montana

BPF

LOCATION:

ST-3    page 1 of 1

L O G  O F  B O R I N G

Description of Materials

14-3228G

WL

SCALE:6/19/14 1" = 4'

0.0

METHOD:   3 1/4" HSA, AutomaticDRILLED BY:   J. Mattheis

RemarksSymbol

BORING:

Depth

DATE:

ST-3

MC
(%)

2511 Holman Avenue
P. O. Box 80190

Billings, MT 59108-0190
Phone: 406.652.3930

Fax: 406.652.3944

B
O

R
IN

G
 B

P
F

 W
L 

M
C

  3
2

28
.G

P
J 

 L
A

G
N

N
N

06
.G

D
T

  6
/2

9
/1

4



FILL:  7" topsoil and root zone over Sandy Lean Clay,
low plasticity, grayish brown, rather dry.

FILL:  Poorly Graded Gravel with Sand, fine- to
coarse-grained, brown, moist.

FILL:  Silty Sand, fine-grained, light brown, rather
dry.

SILTY SAND, fine-grained, brown, rather dry, loose.
(Alluvium)

POORLY GRADED GRAVEL with SAND, fine- to
coarse-grained, light brown, rather dry to
waterbearing, loose to very dense.  (Alluvium)

SANDSTONE, gray, fine-grained, moist, very soft to
decomposed.

END OF BORING
Water down 16' with 19' of hollow-stem auger in the
ground.
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68

11
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43/50-3"

SM

GP

4.5

7.0

9.0

11.5

27.0

30.3
Water not observed to
dry cave-in depth of 7'
immediately after
withdrawal of auger.

Elev.

See Boring Location Sketch
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FILL:  5" topsoil and root zone over Sandy Lean Clay,
low plasticity, trace small gravel, tan, rather dry.

SILTY SAND, fine-grained, light brown, moist,
loose.  (Alluvium)

LEAN CLAY, low plasticity, brown, wet, rather soft.
(Alluvium)

POORLY GRADED GRAVEL with SAND, fine- to
coarse-grained, brown, moist, dense.  (Alluvium)

SHALE, gray, high plasticity, moist, very soft to
decomposed.

END OF BORING
Water down 16' with 29' of hollow-stem auger in the
ground.
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50-2", set
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Water not observed to
dry cave-in depth of 12'
immediately after
withdrawal of auger.

Elev.

See Boring Location Sketch
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FILL:  Sandy Lean Clay, low plasticity, trace gravel,
brown, moist.

FILL:  Silty Sand, fine-grained, brown, moist.

SILTY SAND, fine-grained, brown, moist to wet,
loose.  (Alluvium)

POORLY GRADED GRAVEL with SAND, fine- to
coarse-grained, light brown, waterbearing, medium
dense.  (Alluvium)

END OF BORING

10

6

5
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14

6

6

17

11
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SM

GP

3.0

11.0

18.0

30.5

Water down 19' with
29' of hollow-stem
auger in the ground.
Water not observed to
dry cave-in depth of 14'
immediately after
withdrawal of auger.

Elev.

See Boring Location Sketch
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Appendix 5: 

100-Year & 500-Year  

Preliminary Levee Cost Estimate  

 

 

 



No. Item Quantity Unit Unit Price Total Category

1 Property Buyouts 60 EA 100,000.00$  6,000,000.00$  Land

2 Mobilization 1 LS 1,940,000.00$  1,940,000.00$  Mob

3 Site Clearing (Structure Removal, Tree Removal, Clearing & Grubbing) 1 LS 3,000,000.00$  3,000,000.00$  Levee

4 Top Soil Stripping 25,000 CY 2.00$  50,000.00$  Levee

5 Top Soil Import 50,000 CY 8.00$  400,000.00$  Levee

6 Imported Fill Material 350,000 CY 10.00$  3,500,000.00$  Levee

7 Perforated Drainage Pipe 36,000 LF 8.00$  288,000.00$  Levee

8 Coarse Aggregate 9,000 CY 15.00$  135,000.00$  Levee

9 Fine Aggregate 12,000 CY 15.00$  180,000.00$  Levee

10 Flood Wall 20,000 SF 140.00$  2,800,000.00$  Levee

11 Flood Wall Road Closure 2,000 SF 85.00$  170,000.00$  Levee

12 Flood Wall Road Closure Footing 500 SF 725.00$  363,000.00$  Levee

13 Storm Sewer Manholes 75 EA 4,000.00$  300,000.00$  Levee

14 8" PVC Storm Sewer 4,000 LF 35.00$  140,000.00$  Levee

15 Connect to Existing Storm Sewer 75 EA 1,500.00$  113,000.00$  Levee

16 Levee O & M 1 LS 100,000.00$  100,000.00$  Levee

17 Lift Station 4 EA 350,000.00$  1,400,000.00$  Lift

18 Remove Watermain 2,100 LF 15.00$  32,000.00$  Inf

19 Install Watermain 2,100 LF 60.00$  126,000.00$  Inf

20 Remove Sanitary Sewer 450 LF 15.00$  7,000.00$  Inf

21 Install Sanitary Sewer 450 LF 40.00$  18,000.00$  Inf

22 Remove Storm Sewer 200 LF 15.00$  3,000.00$  Inf

23 Install Storm Sewer 200 LF 75.00$  15,000.00$  Inf

24 Removal of Bituminous Material 7,000 SY 3.00$  21,000.00$  Road

25 Type SP 12.5 Non Wearing Course Mixture 1,100 TON 100.00$  110,000.00$  Road

26 Type sp 12.5 Wearing Course Mixture (2, B) 550 TON 100.00$  55,000.00$  Road

27 Bridge Modifications/Replacment 1 LS 4,000,000.00$  4,000,000.00$  Road

28 Recreational Facilities 1 LS 1,000,000.00$  1,000,000.00$  

29 Reinforced Concrete Levee Erosion Protection 5,000 SY 75.00$  375,000.00$  Levee

30 West Levee Stormwater Detention Pond 1 LS 175,000.00$  175,000.00$  Levee

31 Turf Establishment 1 LS 150,000.00$  150,000.00$  Const

32 Temporary Erosion Control 1 LS 150,000.00$  150,000.00$  Const

33 Contractor Required Testing 1 LS 150,000.00$  150,000.00$  Const

34 Traffic Control 1 LS 100,000.00$  100,000.00$  Const

27,366,000.00$  

4,110,000.00$  Engr

6,000,000.00$  Const

37,000,000.00$  

Contingency

Total

PRELIMINARY OPINION OF PROBABLE PROJECT COSTS 100-YEAR PROTECTION

Miles City Certified Levee

1/20/2015

Probable Levee Cost

Subtotal

Design & Construction Engineering

Const



No. Item Quantity Unit Unit Price Total

1 Grading 7,000 CY 10.00$  70,000.00$  Channel

2 Culvert Crossings (Remove existing and replace) 9 EA 25,000.00$  225,000.00$  Channel

3 Pond Property 1 EA 28,000.00$  28,000.00$  Land

4 Pond to Mitigate Lost Storage (Grading, Control Structure, etc.) 1 LS 1,335,000.00$  1,335,000.00$  Channel

1,658,000.00$  

249,000.00$  Engr

381,400.00$  Const

2,300,000.00$  

Creek Re-Grading

Subtotal

Design & Construction Engineering

Contingency

Total



No. Item Quantity Unit Unit Price Total Category

1 Property Buyouts 60 EA 100,000.00$  6,000,000.00$  Land

2 Mobilization 1 LS 2,040,000.00$  2,040,000.00$  Mob

3 Site Clearing (Structure Removal, Tree Removal, Clearing & Grubbing) 1 LS 3,000,000.00$  3,000,000.00$  Levee

4 Top Soil Stripping 25,000 CY 2.00$  50,000.00$  Levee

5 Top Soil Import 50,000 CY 8.00$  400,000.00$  Levee

6 Imported Fill Material 450,000 CY 10.00$  4,500,000.00$  Levee

7 Perforated Drainage Pipe 36,000 LF 8.00$  288,000.00$  Levee

8 Coarse Aggregate 8,500 CY 15.00$  128,000.00$  Levee

9 Fine Aggregate 12,000 CY 15.00$  180,000.00$  Levee

10 Flood Wall 20,000 SF 140.00$  2,800,000.00$  Levee

11 Flood Wall Road Closure 2,000 SF 85.00$  170,000.00$  Levee

12 Flood Wall Road Closure Footing 500 SF 725.00$  363,000.00$  Levee

13 Storm Sewer Manholes 75 EA 4,000.00$  300,000.00$  Levee

14 8" PVC Storm Sewer 4,000 LF 35.00$  140,000.00$  Levee

15 Connect to Existing Storm Sewer 75 EA 1,500.00$  113,000.00$  Levee

16 Levee O & M 1 LS 100,000.00$  100,000.00$  Levee

17 Lift Station 4 EA 350,000.00$  1,400,000.00$  Lift

18 Remove Watermain 2,100 LF 15.00$  32,000.00$  Inf

19 Install Watermain 2,100 LF 60.00$  126,000.00$  Inf

20 Remove Sanitary Sewer 450 LF 15.00$  7,000.00$  Inf

21 Install Sanitary Sewer 450 LF 40.00$  18,000.00$  Inf

22 Remove Storm Sewer 200 LF 15.00$  3,000.00$  Inf

23 Install Storm Sewer 200 LF 75.00$  15,000.00$  Inf

24 Removal of Bituminous Material 7,000 SY 3.00$  21,000.00$  Road

25 Type SP 12.5 Non Wearing Course Mixture 1,100 TON 100.00$  110,000.00$  Road

26 Type sp 12.5 Wearing Course Mixture (2, B) 550 TON 100.00$  55,000.00$  Road

27 Bridge Modifications/Replacment 1 LS 4,000,000.00$  4,000,000.00$  Road

28 Recreational Facilities 1 LS 1,000,000.00$  1,000,000.00$  

29 Reinforced Concrete Levee Erosion Protection 5,000 SY 75.00$  375,000.00$  Levee

30 West Levee Stormwater Detention Pond 1 LS 175,000.00$  175,000.00$  Levee

31 Turf Establishment 1 LS 150,000.00$  150,000.00$  Const

32 Temporary Erosion Control 1 LS 150,000.00$  150,000.00$  Const

33 Contractor Required Testing 1 LS 150,000.00$  150,000.00$  Const

34 Traffic Control 1 LS 100,000.00$  100,000.00$  Const

28,459,000.00$  

4,270,000.00$  Engr

6,550,000.00$  Const

39,280,000.00$  

Design & Construction Engineering

PRELIMINARY OPINION OF PROBABLE PROJECT COSTS 500-YEAR PROTECTION

Miles City Certified Levee

1/20/2015

Probable Levee Cost

Subtotal

Contingency

Total

Const



No. Item Quantity Unit Unit Price Total

1 Grading 7,000 CY 10.00$  70,000.00$  Channel

2 Culvert Crossings (Remove existing and replace) 9 EA 25,000.00$  225,000.00$  Channel

3 Pond Property 1 EA 28,000.00$  28,000.00$  Land

4 Pond to Mitigate Lost Storage (Grading, Control Structure, etc.) 1 LS 1,335,000.00$  1,335,000.00$  Channel

1,658,000.00$  

250,000.00$  Engr

390,000.00$  Const

2,300,000.00$  Total

Creek Re-Grading

Subtotal

Design & Construction Engineering

Contingency




