DESIGN MEMORANDUM
PROPOSED ARCH BRIDGE OVER ORAIBI WASH
BLACK MESA, ARIZONA
WT REFERENCE NO. 3120PS97

Project Description

The project will consist of constructing an arch bridge to carry BIA Route N8066(3) over the Oraibi Wash.
The design recommendations presented herein were based upon the soil boring information and
laboratory tests that were performed for the Final Geotechnical Investigation and Foundation
Recommendation Report prepared by Amec Foster Wheeler dated June 15, 2016 (Project No. 17-2015-
4045).

On a preliminary design basis the bridge is planned to be supported by spread footings designed for an
allowable bearing pressure of approximately 4,000 pounds per square foot (psf). The footings are
planned to have dimensions on the order of 11 feet by 136 feet and will have a bottom of footing
elevation of approximately El. 2027 meters.

Subsurface Conditions

Borings B-1 through B-5 were drilled in the area of the proposed bridge. Copies of the test boring logs and
the approximate boring locations are attached. The borings drilled along the top of the wash banks
(Borings B-1 and B-2) typically encountered moderate-strength lean clay within the influence zone of the
proposed foundations. The borings drilled in the bottom of the wash (Borings B-2, B-3, and B-5) typically
encountered low-strength clays within the influence zone of the proposed foundations.

Desigh Recommendations

The soil at the proposed foundation bearing elevation exhibits low-strength characteristics and is not
considered to the suitable for direct foundation support. The foundations should therefore be underlain by
a layer of engineered fill in order to distribute the foundation loads over a wider area so that less load is
transmitted to the underlying low-strength clay. Based upon the conditions encountered at the boring
locations it is expected that it will be necessary to overexcavate the foundation area to depths of about 5

Z

to 10 feet below the proposed bottom of footing. For design purposed it should be assumed that an
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overexcavation depth of 10 feet will be required. It may be possible to reduce this overexcavation depth
depending upon the conditions that are encountered during construction. The overexcavations should
extend a lateral distance of at least one foot for every foot of fill that is required beneath the foundations.
For example, if 10 feet of overexcavation is required, the overexcavations should extend a lateral distance
of at least 10 feet beyond the outside edges of the foundations.

The foundation overexcavations should be backfilled to the design bearing elevation with imported
engineered fill compacted to a minimum of 100 percent of the standard Proctor maximum dry density
(ASTM D-698). The engineered fill should consist of a well-graded sand and/or sand and gravel approved
by the project geotechnical engineer.

Relatively soft deposits may be present at the base of the overexcavation. This material may become
disturbed by construction equipment traffic. It may be necessary to place a layer of course aggregate,
possibly in conjunction with a geogrid, in order to develop a stable subgrade for fill placement and
compaction.

Groundwater will likely be encountered in the overexcavation. Dewatering will be required so that the
overexcavation remains dry during fill placement and compaction.

g =t

Prepared by: Roger K. Southworth, P.E.
Senior Geotechnical Engineer
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Reviewed by: Randolph Marwig, P.E.
Senior Principal Geotechnical Engineer
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A BT RNBUTMeNST
PROJECT __ BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona armisc
Navajo Nation foster
LoCATION (w)___ N.4022737.0 E.583433.7 wheeler
JOB NO. 17-2015-4045 DATE 2-2-16to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
o BORING TYPE 210mm Hollow Stem Auger
55 g e | . | _s | SURFACEEL.(M) _2033.4m * 1.4 °
Es| 3§ A3 | & 2y 55 &F | DATUM NAVD88
s 8l %5a| 5 2 9 | 885|388 B
o < dct T o " QLe g = a
2.2 o8 é 58 8 % EQ’S 8858 E 5 8 REMARKS VISUAL CLASSIFICATION
00545 S| 560 oL moist CLAY WITH SAND, fine grained sand in
/ SSL to CH at surface zones, medium to high plasticity, dark brown
/ frozen from . ]
/ : 010 0.3m note: some short calcium carbonate filaments
/ D below 0.6m
/ S| 13-8- moderately firm
/ 3B 11 to very firm
% ‘ slightly moist
>4.5 / S[12-14- below 0.3m
1.5 / 1
/ 7
- % T 1433.7| 135
’ / note: clayey sand zones up to 100mm thick
2.50 / S|10-12- below 2.7m
% 11
_
7 CL CLAY, trace silt, fine grained sand, low to
/ medium plasticity, brown
/ slightly moist
45 / S|5-7-11 .
/ firm
6.0 % S|7-7-10
1 2.40 note: decrease in fines at 6m
Boiagm af| feaT| /
_
7 CH CLAY, trace fine grained sand, considerable
» slightly moist calcium carbonate filaments, high plasticity,
/ iai p< dark brown ,
s 7/ [ 1[u| 39 |[1679.8] 186 firrti note: 8.75 kg/cm’ Torvane Shear Test
: GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR DATE .
3 A - Auger cuttings; NR-No Recovery -
Y| 1035 12:30 2-2-16 S - 51mm 0.D. 35mm LD. tube sample. LOG OF TEST BORING NO B-1
A A U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of

2 4




PROJECT __ BIA N8066(3), N8065(1) & School Spur

Black Mesa Community School, Arizona amec
Navajo Nation ‘ foster
LOCATION (M)____N-4022737.0 _E.583433.7 wheeler
JOB NO. 17-2015-4045 DATE 2-2-16 to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
—~ BORING TYPE 210mm Hollow Stem Auger
& “;, gl g . & | _s SURFACE EL. (M) _2033.4m #
E5| ® Pl 5 |8 8|,.55 3% | DATUM NAVD88
0| =82 | 2 o0 § §5E|5EE0 o&
g 'g‘, % 2 g _é e E|E 3 S8 |2t g; £ ﬁ REMARKS VISUAL CLASSIFICATION
<3| 282 | 68 |85 & | 593 |2884 56
7/ CH slightly moist CLAY, continued
S| 9-17-
/ 13 firm note: some reddish-brown, iron-oxide staining
% note: decrease in sand below 8m
/ 3las7 ps€
9.0 >4.5 / S| 9-13- note: 15.6 kg/cm? Torvane Shear Test
) / 17
é moist at 10m
V4 % note: some clayey sand zones from 10m to 12m
2.10 S| 1-3-3 very moist )
10.5 / to wet at 10.35m | note: 4.5 kg/cm® Torvane Shear Test
/ 9 216 ¢5¥F
% medium stiff
12.0 3.30 / S| 2-5-8 note: 12 kg/cm? Torvane Shear Test
' / very moist 24,5772 pst
/ stiff to
/ Ul 15 |[1556.8| 24.0 medium stiff
/ below 12m
/ very moist
/ to wet at 13m
135 1.90 / S| 3-4-6 note: 6 kg/cm® Torvane Shear Test
| / Wt 12, 2289 g€
/ note: 2.5 kg/cm’ Torvane Shear Test
15.0 1-1.2 A S| 1-4-4 note: increase in sand at 15m
) GROUNDWATER SAMPLE TYPE
DEPTH (m)| HOUR DATE .
- A - Auger cuttings; NR-No Recovery -
AV 10.35 12:30 2-2-16 S - 51mm 0.D. 35mm L.D. tube sample. LOG OF TEST BORING NO B 1
Y U - 76mm O.D. 61mm 1.D. tube sample.
T -25mm O.D. thin-walled tube sample Page 2 of 4




BIA N8066(3), N8065(1) & School Spur

PROJECT
Black Mesa Community School, Arizona SITISE
Navajo Nation foster
LocaTioN () N.4022737.0  E.583433.7 wheeler
17-2015-4045 DATE 2-2-16to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
— BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | o _| _5 | SURFACEEL. (M) _2033.4m
E5 | m Pl 5 |3 §|,.55 3% | DATUM NAVD88
w| =82 2 oo o SsE|SEED| o=
£ s/ 3%z| §, | B8] 3 |S8s|z2B3 3
g2 E&E 53 3ls s EQS 28&’5 5_0“1 REMARKS VISUAL CLASSIFICATION
/// CH wet CLAY, continued
% stiff to
/ medium stiff
0
SM SILTY SAND, predominantly fine grained,
subangular to subrounded, nonplastic to low
16,8 S| 1-3-3 plasticity, light brown
’ wet
note: increase in fines in zones up to 150mm
thick
soft to very soft
18.0 S| 1-3-3
note: clay with sand zones, high plasticity, up to
195 S| 2-2-2 125mm thick below 19.2m
note: rare coarse grained gravel at 19.5m
21.0 S| 2-1-2
’ SC note: decrease in fines at 21m
note: rare coarse grained gravel at 21m
8-11-
S| 34
22.5 GROUNDWATER SAMBLE
Al TYPE
DEPTH (m)| HOUR DATE :
- A - Auger cuttings; NR-No Recovery =
| 1035 12:30 2-2-16 S -51mm O.D. 35mm I.D. tube sample. LOG OF TEST BORING NO B-1
y U - 76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 3 of 4




PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona p—
Navajo Nation foster
LocATiON (w)___N.4022737.0  E.583433.7 wheeler
JOB NO. 17-2015-4045 DATE 2-2-16 to 2-3-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
— BORING TYPE 210mm Hollow Stem Auger
sg gl e N _ & | SURFACEEL.(M) _2033.4m:
o @ _ >~ c 2 o w2l TS
E5 | ® (= 3 2 ©|, 56 3F DATUM NAVD88
o] =88] & oo 38 55E |58 wve
£ 5| £se| & 2E = ofe 2882 29
o 8| 355| £8 |s|5| B o3 |8662 E8 REMARKS VISUAL CLASSIFICATION
OES| aalt (O] n|n o OX0O [20aq| 20
MESAVERDE GROUP - WEPO FORMATION
SANDSTONE, fine grained texture,

T moderately weathered with some staining,
medium bedded, soft to very soft, light
yellowish-gray
note: dark gray to black laminated, soft

| — mudstone below 23.9m
S| 14-50/
24.0 /| [125mm
><|S| 50/
2545 125mm
note: bluish-gray, very soft to soft sandstone in
S| 50/ zones below 26.7m comprised of predominant
27.0 125mm quartz grains
note: moderately hard sandstone in zones
28.5 S| 50/ below 28.2m
) 100mm
50/ Auger refused at 29.7m
S| 50mm Sampler refused at 29.9m
30.0 GROUNDWATER ——
YPE
DEPTH (m)| HOUR DATE .
- A - Auger cuttings; NR-No Recovery =
V| 1035 12:30 2-2-16 S - 51mm 0.D. 35mm LD. tube sample. LOG OF TEST BOR'NG NO B-1
\ 4 U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 4 of




PROJECT __BIA N8066(3), N8065(1) & School Spur P
Black Mesa Community School, Arizona amec W@
Navajo Nation foster
LOCATION (M) N.4022681.2 E.583401.8 wheeler
JOB NO. 17-2015-4045 DATE 1-30-16 to 1-31-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
— BORING TYPE 210mm Hollow Stem Auger .
55 2 e | . | _5 | SURFACEEL.() 20330mz (58"
E5| m Sl 5 |3 8|,.55 3% | DATUM NAVD88
n| 98| 8 o|al § S5E|SEEQ| o=
g ¢ % : g é"’ E|E 3 > &g 2s gg £ g LASSIFICATION
dc2| 88¢| 58 |3(8] a8 | 8938885 5o REMARKS VISUALC
a0 >4 S| 7-6-8 CL/CH very moist to CLAY, trace fine grained sand, medium to
/ SA wet at surface high plasticity, brown
/ 2 slightly moist ] ]
/ N below 0.15m note: some calcium carbonate filaments
/ N below 0.6m
8.2->4.5 / R S|12-15- moderately firm note: 3.25 kg/cm? Torvane Shear Test
/ R 19 to very firm
15 Z ST 1446.5| 15.7
50| 225 % S[14-16-
) / 14 note: considerable calcium carbonate filaments
% below 2.7m
% note: decrease in sand
45|45 % S|7-9-12
4
7 CH CLAY, high plasticity, brown
/ slightly moist
% moderately firm
2 afom |5 F By / Ul 23 [1670.0| 16.1
60 = /
>4.5 % S| 6-6-9 note: 12 kg/cm® Torvane Shear Test
/ note: fine grained clayey sand zones up to
/ 150mm thick below 7.2m
;51924 /A S| 445
’ GROUNDWATER SALBLETYPE
DEPTH (m)| HOUR DATE .
5 A - Auger cuttings; NR-No Recovery -
o ar e || A-Awerautings NeNoRecoy | OG OF TEST BORING NO. __B-2
b £ U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of 4



o BIA N8066(3), N8065(1) & School Spur i
PROJECT X0

Black Mesa Community School, Arizona
- : amec
Navajo Nation foster
LoCATION (W) N-4022681.2 E.583401.8 wheeler
JOB NO. 17-2015-4045 DATE 1-30-16 to 1-31-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
= BORING TYPE 210mm Hollow Stem Auger
fop=s gl 2 |, & _| _5 | SURFACEEL. (M) _2033.0m
E5 | m Fl S |% 8|,_.55 3% | patum NAVD88
o| 82| 2 oo 5 S5 E|S5EED oe
£ 8 528| Bg |E|E| 2 | 238|22B% B VISUAL CLASSIFICATION
8c2| 882 | 58 |8)3] & | 593 |8885 58 REMARKS ISUAL CLASSIFICATI
/// CH moist CLAY, continued
% - moderately firm
7
Z CL SANDY CLAY, predominantly fine grained,
/ subangular to subrounded sand, low to medium
/ wet below 9m plasticity, dark brown
AVA
9.0 / S| 2-35
’ % medium stiff
% note: high plasticity clay with sand zones up to
0506 / S35 100mm thick below 10.2m
10.5 /
% note; gradational clayey sand to sandy clay
0.25-0.9 / S| 1-2-3 below 12m
12.0 /
///
SC CLAYEY SAND, predominantly fine grained,
/ S|WOH * subangular to subrounded sand, low plasticity,
135 / very soft light brown
% * note: WOH - weight of hammer
15.0 / S| 1-2-2 note: decrease in fines at 15m
. GROUNDWATER SAPLETVRE
DEPTH (m)] HOUR| DATE i
v &7 1200 | 1aots | A-Augercutings; NR-NoRecovery | QGG OF TEST BORING NO. B-2

S -51mm O.D. 35mm I.D. tube sample.
U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 2 of 4




PROJECT __ BIA N8066(3), N8065(1) & School Spur <

Black Mesa Community School, Arizona
Navajo Nation ?g;?ér
LoCATION (v)___N-4022681.2 . 583401.8 wheeler
JOB NO. 17-2015-4045 DATE 1-30-16 to 1-31-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
= BORING TYPE 210mm Hollow Stem Auger
5o gl 2 | . s _| _§ | SURFACEEL.(wm) _2033.0mz2
Es| = Fl 3 | % ©8|,.55 88 | DATUM NAVD88
s ¢ 352 £ [Bg ¢ |8Es|2EEY %
s 2 = E|E z r5 |2g 9 =3
g.s 2 DS_ ELE, g §’ sl a_o: §Q§ gé 8 E ;E (__“; REMARKS VISUAL CLASSIFICATION
SC wet CLAYEY SAND, continued
/ I very soft note: clayey sand locally grading to sand with
/ depth
7
165 S| 1-1-1 SM SILTY SAND, occasional fine grained,
. subangular to subrounded gravel,
very soft predominantly fine grained, subangular to
subrounded sand, nonplastic, light brown
note: clayey sand with considerable gravel in
S| 1-2-1 zones below 17.7m
18.0
19.5 S|23-31-

) 15 MESAVERDE GROUP - WEPO FORMATION
SANDSTONE, siltstone & mudstone interbeds
with some coal, fine grained texture, highly
weathered at contact, soft, yellowish-brown to
dark gray

25-50/

210 >< S|138mm
Auger refused at 21m
Sampler refused at 21.1m
Began HQ Coring at 21m

225 GROUNDWATER SAMBLETYRE

DEPTH (m)| HOUR DATE "
- A - Auger cuttings; NR-No Recovery -
oP e || A Ausercings NRNoresovey | OG OF TEST BORING NO. __B-2

U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 3 of 4




BIA N8066(3), N8065(1) & School Spur

2 4

PROJECT ( .
Black Mesa Community School, Arizona amec
Navajo Nation thStelr
wheeler
RIG TYPE CME-75
JOB NO. 17-2015-4045 DATE 1-30-16 to 1-31-16 - ;
METHOD HQ - Wireline Coring
g SF DISCONTINUITIES OPERATOR Southlands Engineering, LLC.
g .E < _— LOGGED BY Mark Keyes
[ . . .
& g8 G| Spacing | Orientation | LOCATION (M)__NAD 1983 UTM Zone 12N (Meters)
£ .=
'% 8 ‘E g E-E g 3.% = -L—g STAIOFFSET ___ Sta. 22+418, on centerline
5 E = 2 25 > o |52 c | & o 2% | coorps. N.4022681.2 E. 583401.8
Ot | E |o|o|8% | oo | £EF | 3% | Wide-Close | Horiz- Vert S | oz |twn
£z |88(50| 88 55|85 S | £5| 2| cevanon zmaims
tg| B2 |EEISE|O0Q |05 |48F £ | o | 85| DATUM NAVDS8 _
c a A
3¢ |0 |@| o |5c | R | KL (a 12345H 4 V| O |m§5|25 Rock Type & Remarks
L Began HQ Coring at 21m
730 | 217 THa 700 | 50-70 | 35 NONE NONE N/A | MB | SW | MESAVERDE GROUP - WEPO FORMATION
Ha | fo SILTSTONE & MUDSTONE, occasional
Tl Fgn irregularly-shaped, high-angle, partially-open fracture,
| moderately soft to very soft zones up to 0.5m thick, gray
to black
: note: losing partial drilling mud circulation
| 100
L note: predominantly soft to very soft, mudstone
225 below 21.6m
1/31 : HQ 85 50 5 Mdw
8.0
30-40
66 |0 THa 700 %0 MB | SIW
i with
r Lam
L in
L zones
| 1 Smth
Slcks note: slickensides at 24.9m & 25.8m along fracture
F curved
| surface
20 (9] [ma 700 %5
| N/A
Thn note: predominantly moderately hard to hard sandstone
[ to
| MB below 26.1m
L with
L Lam
zones
| Y Stopped HQ Coring at 27m
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR DATE B - BDBGM 51mm O.D. Wireline Rock Coring B-2
ol D B B BRI LOG OF TEST BORING NO. B-2
o HQ - 96mm O.D. Wireline Rock Coring
= NQ - 71mm O.D. Wireline Rock Coring
4 S - 51mm 0.D./35mm 1.D. Tube Sample Page 4 of 4
D - Disturbed Bulk Sample




CENTEN &F g o 10&E

PROJECT __BIA N8066(3), N8065(1) & Schaol Spur

Black Mesa Community School, Arizona
Navajo Nation amec
foster
LocaTioN () N-4022698.1 E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
gl 8l 2 | . _| _5 | SURFACEEL.(M) _2028.3m# (£.S7%. ¢
E5| ® Pl 5 |8 8|,.55 3% | DATUM NAVD88
el g5 | 2 212 o |&gE|55E2 =&
T 8| 82| &, |E|B| = | 298 |8233 23
g2 o8 L—O, 58 |8|8 % 528 838 E E (‘J_! REMARKS VISUAL CLASSIFICATION
G0 S [2424- SCI/SM| frozen ground | CLAYEY SAND TO SILTY SAND,
/ SSAl 9 from 0 to 0.3m predominantly fine grained, subangular to
/ 2 subrounded, low to medium plasticity, brown
% :i\:: wet below 0.75m note: 75mm to 100mm of snow on wash bottom
Vi R NUS| 1-1- , ; ,
s BTt HE = S Wor Swigh note: increase in clay with depth
/ AN\ note: some sand-sized coal particles at 0.75m
7/ o CH very soft
15 1.00 / S| 1-3-2 \ * note: WOH - weight of hammer
/ CLAY WITH SAND, some brown iron-oxide
/ very moist staining, high plasticity, reddish-brown to brown
to wet
% note: 5 kg/cm? Torvane Shear Test
/ medium stiff
.,.g'/ / to stiff
/ fen s> note: clayey sand zones 50mm to 75mm thick
50| 150 / S| 335 |» c ot ek below 2.7m
% note: 3.8 kg/cm® Torvane Shear Test
% (Y
45 % S| 4-4-6 | = |#80 g€
7
CL SANDY CLAY, predominantly fine grained
/ sand, medium plasticity, reddish-brown to brown
KN note: alternating fine grained clayey sand zones
S| 2-2-3 wet
6.0 / & highly plastic clay zones 150mm thick below
. . 5.4m
medium stiff
/ note: predominantly clay with sand from
% 6.3m to 7.5m
75 0.5-0.6 / S| 3-4-4 note: 0.6 kg/cm? Torvane Shear Test
i GROUNDWATER AN TR
DEPTH (m)] HOUR| DATE X
- A - Auger cuttings; NR-No Recovery -
V| o075 13:45 1-27-16 S - 59mm 0.D. 35mm 1.D. tube sample. LOG OF TEST BOR'NG NO B-3
h 4 U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of 5




PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona amec
Navajo Nation foster
LOCATION () N-4022698.1 _E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
—~ BORING TYPE 210mm Hollow Stem Auger
= gl g . _ & | SURFACEEL. (M) _2028.3m +
o2 | _ > € E wE T=
ES| ® = 3 % 0|, .58 38 DATUM NAVD88
ol g22| £ 2|2 o S5E|S5EED| o
£ s| 2852| 5 |B|B = |S8g|Zgs3 23
22 o8 E g CEEAE; ,3% Ega 285 E £ 8 REMARKS VISUAL CLASSIFICATION
/ CL wet SANDY CLAY, continued
% [ medium stiff
// SC CLAYEY SAND, predominantly fine grained,
/ subangular to subrounded, medium plasticity,
/ wet dark brown
0.0 010 / s| 712
/ very soft
SM SILTY SAND, predominantly fine grained,
subangular to subrounded, nonplastic, light
2- brown
105 0.10 S| 1-2-3
wet
soft to very soft
12.0 S| 1-1-1
135 \ /|S| 1-2-3
’ SM/SP wet SILTY SAND TO SAND, predominantly fine
grained, subangular to subrounded sand,
nonplastic, light brown
note: heaving sand at 13.5m, added water to
auger
S| 1-2-1
5.0 GROUNDWATER SARFELE TYPE
DEPTH (m)] HOUR| DATE o
0.75 a5 | 1orie | A-Augercutings;NR-NoRecovery | QG OF TEST BORING NO. B-3

€K

S -51mm O.D. 35mm |.D. tube sample.

U -76mm O.D. 61mm |.D. tube sample.
T - 25mm O.D. thin-walled tube sample

Page 2 of
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PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona amec
Navajo Nation foster
LOCATION (W) N-4022698.1 E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
=, BORING TYPE 210mm Hollow Stem Auger
fop= gl o - _| _s | SURFACEEL.(m) _2028.3m=
E5| ® Al S |% 8|,.58 3% | DATUmM NAVDS8
o| 82| £ o | 3 S5 E|5EE0 o=
€ 5| %8| 8, |E|E| 3 |282|8283 2%
e g &8 é 58 AR % g@s §81§’_E 58 REMARKS VISUAL CLASSIFICATION
SM/SP wet SILTY SAND TO SAND, continued
N very loose to
medium dense
16.5 0.10 S| 3-4-7
' note: trace gravel at 16.5m
note: dark gray, high plasticity clay zone with
>4.5 S| 11-29- coal fragments at 18m
18.0 48
/y CH ot CLAY, high plasticity, dark gray to black
15.50 é 15[ 100/ hard
75mm MESAVERDE GROUP - WEPO FORMATION
SANDSTONE & SILTSTONE INTERBEDS,
soft to very soft, fine grained texture, thinly
bedded to laminated, dark gray
S| 45-50/
198 /N~ [100mm
S| 50/
2140 100mm
note: medium bedded zones up to 125mm thick
below 21.6m
50/
S|[125mm
225 GROUNDWATER
DEPTH (m)| HOUR| _ DATE SRRLE TYFE

0.75

13:45

1-27-16

K

A - Auger cuttings; NR-No Recovery
S -51mm O.D. 35mm I.D. tube sample.

U -76mm O.D. 61mm I.D. tube sample.
T -25mm O.D. thin-walled tube sample

Page 3 of

LOG OF TEST BORING NO. _ B-3

5



PROJECT __BIA N8066(3), N8065(1) & School Spur e
A 4

Black Mesa Community School, Arizona amec
Navajo Nation foster
LOCATION (M) N.4022698.1 E.583411.2 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
= BORING TYPE 210mm Hollow Stem Auger
5% ol o - S | SURFACEEL.(M) _2028.3m *
T S 2 8 = =2
Eg| ® F 3 3 8|, 55 3% DATUM NAVD88
ol 58| £ oo o GsE|SEEL o=
£ 8| ¥82| 8, |E|E| =z |2%8|af83 £3
3c2 no_gé 59 |§|& u_g EQG 2s &E 58 REMARKS VISUAL CLASSIFICATION
MESAVERDE GROUP - WEPO FORMATION
SANDSTONE & SILTSTONE INTERBEDS,
fine grained sandstone texture (predominantly
sandstone from 22.5m to 24m), medium
bedded, soft, gray to light gray
note: occasional thin coal zone up to 12.5mm
24.0 S| 50/ thick below 23.7m
: 100mm ) .
note: predominantly subangular quartz grains
within sandstone zones
><1S| 50/
28 100mm
note: soft, dark gray siltstone laminae to thin
270 S| 50/ laminae in zones below 26.7m
’ 75mm
Auger refused at 27.6m
Begin HQ Coring at 27.6m
28.5
30.0 GROUNDWATER
SAMPLE TYPE

P BSR —2PTE 1 A~ Auger autings; NR-NoRecovery | OG OF TEST BORING NO.  B-3

S -51mm O.D. 35mm I.D. tube sample.
Y U - 76mm O.D. 61mm 1.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 4 of 5




PROJECT __ BIA N8066(3), N8065(1) & School Spur q
Black Mesa Community School, Arizona amec
Navajo Nation foster
— CME-75 wheeler
JOB NO. 17-2015-4045 DATE 1-27-16 to 1-28-16 T - -
METHOD HQ - Wireline Coring
g E;n? DISCONTINUITIES OPERATOR Southlands Engineering, LLC.
3 SE — LOGGED BY __Mark Keyes
& 88 §| Spacing | Orientation | LOCATION (M) __NAD 1983 UTM Zone 12N (Meters)
o= = [ a . 14 w "
'% 2 % 2 §_§ o ?E’ i o 5 | STAIOFFSET __Sta. 22+435, on centerline
SE| = 2|3 > ok |52 | 8,2 % | COORDS. N. 4022698.1  E.583411.2
E| £ @ £t 3 '® ide - jz- o o2 | T 0
Oan_ = %- % “EE g % = % S £ Wide - Close | Horiz- Vert ;g :55 -E 8 ELEVATION 2028.3m +
'g 2 § E 5 §E ©g a5 |3 s S| L S O | pATUM NAVD88
8¢ | 0 |o| w5 | fx | R®E 0|1 2345H 45 V| O |ms5|25 Rock Type & Remarks
-27.0 )
L Began HQ Coring at 27.6m
1/28 | HQ 100 100 25 NONE NONE N/A | ThB | SIW | WEPO FORMATION
glg L Ltaom SANDSTONE & SILTSTONE INTERBEDS, soft to
ol some moderately soft, dark gray & gray zones
L ThL
note: horizontal to subhorizontal, wavy bedding
== =28.5
4.0 | HQ 85 45 note: low RQD values due to machine breaks along
| bedding planes
MB
L Ttl'?B note: moderately hard sandstone zones up to 300mm
L thick below 28.8m
L note: sample from 29.6m to 29.9m
| Stopped HQ Coring at 30m
-31.5
~33.0
[ I
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR DATE B - BDBGM 51mm O.D. Wireline Rock Coring B-3
s A B~ Bpee Sl G LOG OF TEST BORINGNO. B3
i HQ - 96mm O.D. Wireline Rock Coring
7 NQ - 71mm O.D. Wireline Rock Coring
14 S - 59mm 0.D./35mm L.D. Tube Sample Page 5 of 5
D - Disturbed Bulk Sample




(NEST ABGTMENT

PROJECT __BIA N8066(3), N8065(1) & School Spur il
Black Mesa Community School, Arizona amec §®
Navajo Nation foster
LOCATION (M) N.4022699.2 E.583380.3 wheeler
JOB NO. 17-2015-4045 DATE 1/29/16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
= BORING TYPE 210mm Hollow Stem Auger
§§r g e -~ 5 | -5 SURFACEEL. (M) _2028.3m=+  (fSY. 1
E5 | Pl 5 |% 8|,.55 3% | DATUM NAVD88
ol gSo| 2 (w3 55E|22eg of
£ g| L2 | & glel = 0de (5882 27
g2 §§£ g_SJ’ S|a E? g:?cg) EEEE gb@ REMARKS VISUAL CLASSIFICATION
.0 A S| 19-29- SM/SP| frozen ground SILTY SAND TO SAND, trace fine grained
SSEYEE from 0 to 0.3m gravel, fine grained, subangular to subrounded
N sand, nonplastic, brown
3 very moist
N to wet
e A S| 2-1-2 very loose
- Gama™ |V ¥ =S ‘J’T‘T‘f \\\l SM/GM SILTY SAND TO SILTY GRAVEL,
N wet below 0.9m predominantly medium to coarse grained,
S subangular sand, predominantly coarse grained,
VB S| 1-33 loose angular gravel, nonplastic, brown
note: high plasticity clay zones up to 75mm thick
7 113 g & CL CLAY WITH SAND & GRAVEL, trace fine
0.75 / T 1810.6| 14.0 grained, subangular to angular gravel,
/ : predominantly fine grained, subangular sand,
/ medium to high plasticity, black & brown zones
—s / % note: 3.1 kg/cm?® Torvane Shear Test
/ wet
3.0 / S| 2-12- note: considerable black organic material at 3m
' / 16 very stiff
/ note: high plasticity clay zones up to 150mm
% thick
% hard below 4m
.
45 ><IS| 50/ MESAVERDE GROUP - WEPO FORMATION
' 125mm SILTSTONE TO SANDSTONE INTERBEDS,
fine grained texture, slightly weathered to
moderately weathered, soft, light brown & gray
zones
6.0 S| 50-50/
’ — | 75mm note: predominantly sandstone below 6m
50-50/
75 S| 75mm
i GROUNDWATER

SAMPLE TYPE
DEPTH (m)| HOUR DATE .
09 1215 | 12916 é:é;‘%enr] %Jltg?%?mNnI?-ll.\g Ei?:ggple. LOG OF TEST BORING NO. B-4
U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 1 of 3

K




PROJECT __BIA N8066(3), N8065(1) & School Spur

\h 4

Black Mesa Community School, Arizona ——_
Navajo Nation foster
LOCATION (M) N.4022699.2 E.583380.3 wheeler
JOB NO. 17-2015-4045 DATE 1/29/16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
= BORING TYPE 210mm Hollow Stem Auger
53 gl 2 | _| _5 | SURFACEEL.(M) _2028.3mz
E5| w Pl 5§ | 8|,_.55 3% | pAtum NAVD88
ol =8a| 2 K] o S5E|SEED o=
£ 8| 82| B, |E|E| & | 2588|2283 23
g2 es é 58 |&|8 E? E‘Qa 28gs E £ 8 REMARKS VISUAL CLASSIFICATION
MESAVERDE GROUP - WEPO FORMATION
SILTSTONE TO SANDSTONE INTERBEDS,
continued
S| 50/
100mm
9.0 Stopped Auger at 8.85m
Sampler refused at 8.95m
Began HQ Coring at 8.85m
10.5
12.0
13.5
158 GROUNDWATER 5
AMPLE TYPE
DEPTH (m)| HOUR DATE .
” A - Auger cuttings; NR-No Recovery -
oo o [ e | A-Avercutngs NRNoReoey | OG OF TEST BORING NO. _ B-4
Yy U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 2 of 3




PROJECT BIA N8066(3), N8065(1) & School Spur (’Q
Black Mesa Community School, Arizona amec
Navajo Nation foster
— —— wheeler
JOB NO. 17-2015-4045 DATE  1-29-6 - A
METHOD HQ - Wireline Coring
= s = DISCONTINUITIES OPERATOR Southlands Engineering, LLC. -
5 5% _ LOGGED BY  Mark Keyes
[ . . .
& g8 § Spacing | Orientation | LoCATION (v) __NAD 1883 UTM Zone 12N (Meters)
£~ P a 0
S5t| & g ; e = = Sta. 22+422, 8.4m L
% ® AR 8 | 2c 3 | 5| StworFseT St m
g;_ £ | = ':' = E > of |§28 = © ol E 25 COORDS. N. 4022699.2  E. 583380.3
= @ = S A i o 2| =
S% .E 22 E8 08 E5 G g, Wide - Close | Horiz-Vert | 8 | B¢ g S| ELEvATION _ 2028.3mz
c= | B g - (= ] =T P o Twm| = »
tg| & |EIEI§E|0g |05 |g% S | Iw| g2 | paTum NAVD88
= o o
A | O (0| |5e | 2 | R |0 12345H 4 V| O |m§5|256 Rock Type & Remarks
HSA | Began HQ Coring at 8.85m
1/29 o HQ 85 100 40 NONE NONE N/A | Fan | SIW | MESAVERDE GROUP - WEPO FORMATION
HQ ' MB SANDSTONE, predominantly fine grained with thin
1.0 to P
’ | TkB coarse grained zones, moderately hard, light gray with
L with reddish-brown streaks & black laminea
occ
[ Lam i - .
| note: thin, highly oxidized zones up to 75mm thick
: note: wavy, low-angle to subhorizontal bedding
25 | HQ 75 10 MdW
105 zones
| SIW
6.8 | ~|HQ 75 50 ThB
-12.0 o
r MB
i note: some thin, soft clay-rich mudstone zones up to
L 150mm thick from 12m to 13.5m
: note: predominantly dark gray & black, organic-rich,
3.2 35 HQ 80 70 Lam moderately soft siltstone below 13.2m
[ 49 to
r ThB
: MdwW
L 15.0 Stopped HQ Coring at 14.85m
[ f
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR DATE B - BDBGM 51mm O.D. Wireline Rack Coring B-4
g m, HOUR |__DATE g Bl st LOG OF TEST BORINGNO. B4
i HQ - 96mm O.D. Wireline Rock Coring
= NQ - 71mm O.D. Wireline Rock Coring
A4 S - 59mm O.D./35mm L.D. Tube Sample Page 3 of 3
D - Disturbed Bulk Sample




EAST RAFOTMENT

A

PROJECT __BIA N8066(3), N8065(1) & Schoal Spur
Black Mesa Community School, Arizona amec
Navajo Nation foster
LoCATION ()___N-4022711.0 _E. 583434.1 wheeler
JOB NO. 17-2015-4045 DATE 2-18-16 to 2-19-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
o BORING TYPE 210mm Hollow Stem Auger
fop=s 1 I | _5 | SURFACEEL.(M) _20200m: &I G
5| ® Fl 5 |% 8|,.55 85 | DATUM NAVD88
c ol g2 2 28| © c5E|5EE9 me
T 8| 82| 5, |E|E| 3 |9°%|323% 2%
3.2 o9 L_Cl 58 |88 s E:?S 2358 E £ g REMARKS VISUAL CLASSIFICATION
0.0 HS| 112 SM | slightly moist | FILL
A SILTY SAND, predominantly fine to medium
3 very soft to soft grained, subrounded sand, nonplastic, brown
—;:\i note: possiblg sandstone zones about 75mm
S| 224 thick, yellow in color at 1m
15 7 \ /[S] 332 CH NATIVE
= N CLAY WITH SAND, predominantly fine
- BaTToMNOF Frestiy grained, subrounded sand, high plasticity, dark
e / moist brown
/ soft to
/ moderately firm
% note: trace silt below 2.4m
e t® 5 7 / S[223 | &= Jeny
g /
% 28 ol psf
/ N g note: 12.5 kg/cm?® Torvane Shear Test
—lo ¢ 45 3.25 Ul 18 [1552.2| 25.2
= / note: increase in clay at 4.5m
% S| 345 | ¢ = |izsns
% note: up to 150mm thick sandy clay zones
/ throughout, medium plasticity & dark brown
/ I below 6.9m )
75 150 /A [ ][] 11 [1619.5] 24.2 note: 8 kg/cm” Torvane Shear Test
GROUNDWATER AN TYEE
DEPTH (m)] HOUR DATE S
93 1040 | zaste | A-Augercutings;NR-NoRecovery | QG OF TEST BORING NO. B-5

K]

S -51mm O.D. 35mm I.D. tube sample.

U -76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample

Page 1 of

4



PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona amec @®
Navajo Nation foster
LOCATION () N.4022711.0  E.583434.1 wheeler
17-2015-4045 DATE 2-18-16 to 2-19-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
= BORING TYPE 210mm Hollow Stem Auger
5o o] o N S | SURFACEEL. (M) _2029.0m *
[ — > € 2 9 «El B=
Eg| ® = 3 5 0|, .55 38 DATUM NAVD88
0| g | 2 L2 o S5E|S5EEDL| o=
£ s ¥82| §_ |BlB = |o23g|3i83 23
32 g8 E 58 |s8|s n_g EQS 288 E £ g REMARKS VISUAL CLASSIFICATION
% CH moist CLAY WITH SAND, continued
S| 4-5-5
/ soft to note: up to 150mm thick clayey sand zones
% moderately firm throughout, low plasticity & brown below 7.8m
0.0 % S| 1-1-3
v / wet
/ below 9.3m
/ medium stiff
/ note: up to 75mm thick silty sand zones
/ throughout, nonplastic & brown below 9.9m
10.5 % S| 25
7
SM SILTY SAND, predominantly fine grained,
subrounded sand, nonplastic, brown
wet
S| 1-2-2 note: up to 75mm'thick san.dy clay zones with
12.0 very soft to soft depth, low to medium plasticity, brown
13.5 S} 283
S| 2-2-3
15.0 GROUNDWATER A —
DEPTH (m)] HOUR DATE N
V[ o3 100 | 2aas | A -Augercuttings: NRNoRecovery | OG OF TEST BORING NO.  B-5

S -51mm O.D. 35mm I.D. tube sample.
Y U-76mm O.D. 61mm I.D. tube sample.
T - 25mm O.D. thin-walled tube sample

Page 2 of 4




FS

BIA N8066(3), N8065(1) & School Spur

PROJECT
Black Mesa Community School, Arizona amec
Navajo Nation foster
LOCATION ()___N-4022711.0 E. 583434.1 wheeler
17-2015-4045 DATE 2-18-16 to 2-19-16 PROJECTION NAD 1983 UTM Zone 12N (Meters)
RIG TYPE CME-75
- BORING TYPE 210mm Hollow Stem Auger
5g gl 2 | . _| _5 | SURFACEEL.(W) _2029.0m+
Es| m Sl 5 |8 8|,.55 3% | DATUM NAVD88
o| w8 £ 2o (&) S5E|SEED oe
£ 2| ¥%e| §, |E|E| 3z |2%g|8283 2%
3c2 S_&é 59 |S|8 % EQS EOSEE 55 REMARKS VISUAL CLASSIFICATION
SM wet SILTY SAND, continued
] firm note: up to 75mm thick clay with sand zones
below 15m, medium to high plasticity, dark
brown
S| 3-15-
16.5 )
SP-SM SAND WITH SILT, predominantly medium
grained, subrounded sand, weakly cemented,
wet nonplastic, yellow
rreditinT dense note: possible sandstone
18.0 S|2-4-18
Auger refused at 18m
Stopped Sampler at 18.3m
Began HQ Coring at 18m
19.5
21.0
22.5 GROUNDWATER 2
AMPLE TYPE
DEPTH (m)| HOUR DATE )
- A - Auger cuttings; NR-No Recovery -
AV 9.3 10:40 2-18-16 S - 51mm O.D. 35mm I.D. tube sample. LOG OF TEST BORING NO B-5
\ 4 U -76mm O.D. 61mm L.D. tube sample.
T - 25mm O.D. thin-walled tube sample Page 3 of 4




¢

PROJECT __BIA N8066(3), N8065(1) & School Spur
Black Mesa Community School, Arizona amec
Navajo Nation foster
RIG TYPE CME-75 wheeler
JOB NO. _17-2015-4045  DATE _2-18-16 to 2-19-16 e
METHOD HQ - Wireline Coring
= ‘s E DISCONTINUITIES OPERATOR Southlands Engineering, LLC.
g _é §_ a . . . LOGGED BY Joe Zaleski
§ 5 gg g Spacing | Orientation | LOCATION () __NAD 1983 UTM Zone 12N (Meters)
% E % g- §§ 8. b: 5 % STAJOFESET Sta. 22+455, 13m R
5 E| = 2 3-5 > o |2 c | & o 2% | cooRbps. N. 4022711.0  E.583434.1
£ £ 2R EE | 3T wide-Cl iz- S| w|ltw
%_E, £ _g. % ‘ES g % E% S g Wide - Close | Horiz- Vert g :'E-E g 8 ELEVATION 2029.0m +
f¢ | B |E/EIBElOQ |05 |¢% £ | BE|E S| patum NAVDES
= o e
a¢ | 0 |6 »|5e | X | RE |¢ao 12345H 4 V| O | m5|25 Rock Type & Remarks
L Began HQ Coring at 18m
218 | 130 Tra 00 | 100 | 35 NONE NONE N/A | Fgn | HIW | MESAVERDE GROUP - WEPO FORMATION
Ha | W SILTSTONE & MUDSTONE Interbeds, soft to
T Tk | MdW | moderately soft, dark gray to grayish-green
L with
| zonfes note: very soft from 18m to 18.3m
0
r Lam .
| note: horizontal to subhorizontal bedding
| note: moderately hard siltstone zone from
L19.5 19.4m to 19.7m
70 | 7 HQ 90 30 SIW
I Mtc?W note: iron-oxide staining from 19.4m to 19.7m (wavy,
L near vertical fracture)
L note: dark gray to gray mudstone below 19.7m
L note: occasional slickensides from 19.7m to 20m
SIw
L note: moderately hard siltstone from 20.9m to 21.3m
= 21.0
5.0 L HA 100 40 Mtc(j)W note: mechanical breaks throughout recovery (breaking
+ Hiw | along bedding planes)
+ ST note: moderately hard to moderately soft below 22m
30 [9ma 700 80
F Fgn | SIW | MESAVERDE GROUP - WEPO FORMATION
r VTVIRE SANDSTONE, moderately hard to hard, gray with
i Lam occasional black mudstone laminae
L zones
|7 Stopped HQ Coring at 24.4m
| Backfilled with cuttings & grouted upper 6m
[ I
GROUNDWATER BORING OPERATION
DEPTH (m) | HOUR | DATE B - BDBGM 51mm O.D. Wireline Rock Coring B-5
ul s3 | 1040 | 286 B Boses casing LOG OF TESTBORINGNO. B-5
j HQ - 86mm O.D. Wireline Rock Coring
= NQ - 71mm O.D. Wireline Rock Coring
4 S - 51mm 0.D./35mm 1.D. Tube Sample Page 4 of 4
D - Disturbed Bulk Sample
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