DATE AND TIME PLOTTED
12-05-2003

PLOTTED BY
Ray Dunbar

INCLUDING IDENTIFICATION AND DESCRIPTION
FIELD IDENTIFICATION PROCEDURES GROUP TYPICAL NAMES INFORMATION REQUIRED FOR LABORATORY CLASSIFICATION CRITERIA
(Excluding particles larger than 3 inches and basing fractions on estimated weights) SYMBOLS DESCRIBING SOILS
o [ Wide range in grain size and substantial Well graded gravel’s, gravel—sand Give typical name; indicate < Dso
g c Zo ° § amounts of all intermediate particle sizes. GW mixtures; little or no fines approximate percentages of sand and g " C\/:Wcreoter than 4
38 Wz L s : : : ; gravel; max. size; angularity, surface > o8 (D:,o )2
c < o ox = Predominantly one size or a range of sizes GP Poorly graded gravel’s, gravel—sand condition. and hardness of the coarse | € c & L9 o Cc:— Between one and 3
2 s ey © J8 with some intermediate sizes missing - " b . ’ ; o S, 06 e Dyg Dep
< 2! °5 o LN — c : mixtures; little or no fines grains; local or geologic name and S =8 o == o
(ﬁ o o= g.a g o - Non—plastic fines (for identification Silty gravels, poorly graded other perﬂne_nt descriptive information, 8 E-E/E v Not meeting all gradation requirements for GW
39 9z o 2lny 3 procedures see ML below). GM gravel—sand—silt mixtures and symbol in parentheses. = g N SR R
» 2 ol €23 N2lWE 5o = Poo.. S5O° Atterb limits below "A” | Above "A” line
5 -2 NG S o= g c %) 5 erberg limits below .
o | £co © <. 25c¢ [} e5esz - @ line or Pl less than 4 with Pl between 4
- =2 S+ = Y |BE § 2 |Plastic fines (for identification GC Clayey gravels, poorly graded For undisturbed soils o cge2 =23 and 7 are
= s] I Y. oo = < 55 |procedures see CL below). gravel—sand—clay mixtures add information on stratification, 5 ©8 . oo borderline cases
= < 2cPo <=z o > 09 ;| Atterberg limits above A -
< 24 o SEz= n degree of compactness, o) coog o | ) requiring use of
@ 2= ¢ S g2 |2 _ . |Wide range in grain sizes and substantial SW Well graded sands, gravely sands; cementation, moisture conditions F SR § | line with Pl greater than 7 | 4,4 symbols.
S o 2 c 57 I=< SN amounts of all intermediate particle sizes. little or no fines and drainage characteristics. - T S
w BN 2 82 =22 o< c| Co=i 0 = B
n © o+ o = =« Predominantly one size or a = o 7 Cv = §76 Greater than 6
&= o = L = = . ) Poorly graded sands, gravely sands; EXAMPLE:— c [CReEN 5 (0 30)2
c ¥ o 5 @ =5 5 =28 range of sizes with some SP littl £ ) = oL 25 5| Cc = 500, Between one and 3
E() “20 g %) TH 9o C)' intermediate sizes missing ithe or no fines Silty Sand, gravely; about 20% hard, *gg e © P
] =c5 O3> . . . c C - O
© go | g £° 353 - T ) . ] ] angular gravel particles % — inch [ E%g S »¢ 0 |Not meeting all gradation requirements for SW
£8 3 <Z( e = oL Non—plastic fines (for indentification SM Silty sands, poorly graded sand-silt maximum size; rounded and subangular | > 88T, XN o
oV ElB 5Te 2, =0 o ° procedures see ML below). mixtures sand grains coarse to fine; about 15% | @ =5 £ 2 3 | Atterb limits below "A” Above A" line
56 8 55 S0 |loz QF non—plastic fines with low dry strength; | v 2>_.° § &N ol i er er%‘ \‘m\ Sthe OW4 with Pl between
== . oY o g o & 3@ | Plastic fines (for identification e Clayey sands, poorly graded well compacted and moist in place; © €397 ==& ne or ess than 4 and 7 are
o Eogg \Lg 2 Py i%g £ | procedures see CL below). sand—clay mixtures alluvial sand; (SM). o 8o E_E w0+ 5 borderline cases
2 S| BNEE 39T | Afterberg limits above “A” requiring use of
- ® IDENTIFICATION PROCEDURES ON FRACTION SMALLER THAN No 40 SIEVE SIZE -5' line with Pl greater than 7 | dual symbols.
e @ . TOUGHNESS o
£ £ DRY STRENGTH 1) ATANCY (Reaction . = ® ffication of finegrained soi
- (Crushmg . (Consws‘[ency near For classification of fine—grained soils /
) = .o to skaking) . Do ) and fine—grained fraction of 7/
= 3| o +— - Chorocter\s‘ucs) Plastic LH’WJ[) < coarse—qrained soils. &
0 £ e Z £5 . Inorganic silty and very fine sands, Give typical name; o - Equation of "A’—line N 2
= ® <3 —f,o None to slight Quick to slow None ML rock flour, silty or clayey fine sands degree and character of plasticity, g‘ Horizontal at Pl=4 to LL=25.5, “\5//
8 .0 ; nS o PTe with slight plasticity amount and maximum size of coarse | -3 =40 ‘he”_ P‘:O'?"(L_L - 209 z &
o N :,Q 8_ 2 Inorganic clays to low to medium grains; color in wet condition, odor in | 55 | — 52&?55”51&@“”{2 bioy e \5\’&
o 5 n 5= : ; : plasticity, gravely clays, sandy any, local or geologic name, and c | x then PI=0.9 (LL — 8) Y
=5 2 Medium fo high | None to very slow Medium cL clays, silty clays, lean clays other pertinent descriptive information; % A 30l /
= € 2 — - and symbol in parentheses. = £ s
X,y Olrgomc silts and organic o 7
GBE o Slight to medium Slow Slight oL silt—clays of low plasticity > %207 ., o~
wgoe © S : S| 2 P & MLor OL
Z <3 o5 - c \n_orgomc silts, micaceous or . For undisturbed soils o 2 s v
Lo 212  E2  |Sight to medum | Slow to none Slight to medium | MH |diotomaceous fine sandy or sity soils, | add information on structure, o | 20 /
2o ol Zwn £ elastic silts stratification, consistency in ‘= ] 7 i
Y é Z(' O | ) | ¢ hiah olasticity fat undisturbed and remolded states. 1:7 ~/CLIMIK MLerOL
e L3 22O | igh to very high High CH norganic clays of high plasticity, 1a Moisture and drainage conditions. £ 0 [
[o3e] Ho S5 None [ clays o]
==z %) o ’i) 5 0 10 1620 30 40 50 60 70 80 90 100
—
o . . . .
. . Inorganic clays of medium to high EXAMPLE: — LIQUID LIMIT (LL
Medium to high None to very slow Slight to medium OH p\cs%city / E Clayey Silt, brown; slightly plastic. 3 (L)
small percentage of fine sand. ) FOR LABORATORY CLASSIFICATION OF FINE GRAINED SOILS
Readily identified by color, odor, spongy feel and : : : numerous vertical root holes, firm
HIGHLY ORGANIC SOILS frequently by fibrous texture. PT Peat and other highly organic soils and dry in place, loess, (ML).
* Boundary classifications: — Soils processing characteristics of two groups are FIELD IDENTIFICATION PROCEDURES FOR FINE GRAINED SOILS OR FRACTIONS
dmeiiwt%r;:tid“hbyc‘gombt;r\\rzjoetr\oms of group symbols for Example GW-GC, well graded gravel These procedures are to be performed on the minus No. 40 sieve size particles, in for field classification
* Al sieve sizesyon this chart are US standard. purposes, screening is not intended, simply removtzsfsy hand the coarse particles that interfere with the
TOUGHNESS (Consistency near plastic limit)
After removing particles larger than”No. 40 sieve size, a specimen of
soil about one—half inch cube in size is molded to the consistency of
3 . putty. If too dry, water must be added and if sticky, the specimen
DILATANCY (Reoctlon to shokmg) i isti should be spread out in a thin layer and allowed to lose some moisture
Y rusning aracteristics
. . . . - . . . . by evaporation. Then the specimen is rolled out by hand on a smooth
After removing particles larger than No 40 sieve sieve, prepare a pat striking After removing particles larger than No. 40 sieve size, mold a pot of surface or between the palms into a thread about one—eighth inch in
vigorously against the other of moist soil with a volume of about one—half cubic inch. Add soil to the consistency of putty, adding water if necessary. Allow the pot to dry completely by oven, sun, diameter. The thread is then folded and rerolled repeatedly. During this
enough water if necessary to make the soil soft but not sticky. or air drying and then test its strength by breaking and crumbling between the fingers. This strength is a manipulation, the moisture content is gradually reduced and the specimen
Place the pot in the open palm of one hand and shake horizontally, measure of the character and quantity of the colloidal fraction contained in the soil. The dry strength stiffens, finally loses its plasticity, and crumbles when the plastic limit is
hand several times. A positive reaction consists of the appearance of water on the surface of increases with increasing plasticity. reached.
the pot which changes to a livery consistency and becomes glossy. When the sample is High dry strength is characteristic for clays of the CH group A After the thread crumbles, the pieces should be lumped together and
squeezed between the fingers, the water and gloss disappear from the surface, the pot stiffens, typical inorganic silt possesses only very slight dry strength Silty fine sands and silts have about the same a slight kneading action continued until the lump crumbles.
and finally it cracks or crumbles. The rapidity of appearance of water during shaking and of its slight dry strength, but can be distinguished by the feel when powdering the dried specimen. Fine sand The tougher the thread near the plastic limit and the stiffer the
disappearance during squeezing assist in identifying the character of the times in a soil. feels gritty whereas a typical silt has the smooth feel of flour. lump when it finally crumbles, the more potent is the colloidal clay
Very fine clean sands give the quickest and most distinct reaction Letter symbols in the logs, are group fraction in the soil weakness of the thread at the plastic limit and quick
whereas o plostic clay "hos no reaction inorganic silts, such os o typical rock flour, show a symbols of the Unified soil classification system based on field indent. Copies of Drawing No. loss of coherence of the lump below the plastic limit indicate either
moderately quick reaction. 103-D-347, Unified Soil Classification, may be obtained on request office of Director of Design and inorganic clay of low plasticity, or materials such as kaolin — type clays
Construction. Bureau of Reclamation, Denver, Colorado R0225. and organic clays which occur below the A—line.
ADOPTED BY — CORPS OF ENGINEERS AND BUREAU OF RECLAMATION 1952 Highly organic clays have a very weak and spongy feel at the plastic limit.
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WEATHERING

FRESH (W1): Body of rock is not oxidized or discolored; fracture surfaces
are not oxidized or discolored*; no separation of grain boundaries; no change
of texture and no solutioning. Hammer rings when crystalline rocks are struck.

SLIGHTLY WEATHERED TO FRESH (W2):x+

SLIGHTLY WEATHERED (W3): Discoloration or oxidation is limited to surface of,
or short distance from fractures; some feldspar crystals are dull; fracture
surfaces have minor to complete discoloration or oxidation; no visible
separation of grain boundaries; texture preserved and minor leaching of
soluble minerals may be present. Hammer rings when crystalline rocks are
struck, body of rock is not weakened by weathering.

MODERATELY TO SLIGHTLY WEATHERED (W4):#+

MODERATELY WEATHERED (W5):  Discoloration or oxidation extends from
fractures, usually throughout body of rock; ferromagnesian minerals are "rusty ,
feldspar crystals are "cioudy”; all fracture surfaces are discolored or oxidized;
partial opening of grain boundaries visible; texture generally preserved, but
soluble minerals may be mostly leached. Hammer does not ring when rock is
struck, body of rock is slightly weakened.

INTENSELY TO MODERATELY WEATHERED (W6):#+

INTENSELY WEATHERED (W7): Body of rock is discolored or oxidized throughout;
all feldspars and ferromagnesian minerals are altered to clay to some extent.
All fracture surfaces are discolored or oxidized, and friable; partial
separation of grain boundaries, rock is friable; in situ disoggregation of
granitics common in semi—arid regions; texture altered and leaching of soluble
minerals may be complete. Rock has dull sound when struck with hammer; rock
is weakened, usually can be broken with moderate to heavy manual pressure or
by light hammer blow without reference to planes of weakness.

VERY INTENSELY WEATHERED (WB):#+

DECOMPOSED (W9): Body of rock is discolored or oxidized throughout, but
resistant minerals such as quartz may be unaltered; all feldspars and ferro—
magnesian minerals are completely altered to clay; complete separation of
grain boundaries (disaggregated), partial or complete remnant rock structure
may be preserved, but resembles a soil.

NOTE: Weathering cotegories are established primarily for crystalline rocks
and those with ferromagnesian minerals, weathering in various sedimentary
rocks will not always fit the categories established — weathering cotegories
may be modified for particular site conditions or alteration such as
hydrothermal alteration. Where modified criterio are established, they should
be identified and described.

* Characteristics of fracture surfaces do not include directional weathering
along shears or faults and their associated fracture zones; for example a shear
that carries weathering to great depths in o fresh rock mass would not require
the whole rock mass to be classified as weathered.

#» Combination descriptors are used when equal distribution of both weathering

characteristics are present over significant intervals or where characteristics
noted are " in between” the diagnostic characteristics.

DURABILITY INDEX

DURABILITY
DESCRIPTOR DESCRIPTIVE CRITERIA

DI@ Rock specimen or exposure remains intact with no
deleterious cracking after exposure longer than 1 year.

DI Rock specimen or exposure develops hairline cracking
on surfaces within 1 month, but no disaggregation
within 1 year of exposure.

D12 Rock specimen or exposure develops hairline cracking
on surfaces within 1 week, and/or disaggregation
within 1 month of exposure.

DI3 Specimen or exposure may develop hairline cracks in
1 day and displays pronounced separation of bedding
and/or disaggregation within 1 week of exposure.

DI4 Specimen or exposure displays pronounced cracking

and disaggregation within~ 1 day (24 hours) of
exposure. Generally ravels ond degrades to small
fragments.

COLOR

The Munsell color system (Geologic Society of America Rock Color Chart) should
be used. This system defines wet color by its hue, value, and chroma. Color
symbols used (i.e., 5 YR 5/6 may be included).

SEDIMENTARY AND PYROCLASTIC
ROCK PARTICLE SIZES

Sedimentary Poroclostic
Size Rounded, subrounded, ?
in subangular ——
mm Particle or Lithified Fragment | Lithified
fragment product P
Boulder Boulder Voleanic
conglomerate Block® breccia
256 or or
Bomb™® Volcanic
Cobble Cobble it agglomerate
conglomerate
64
Pebble
Pebble conglomerate Lapillistone
4 Lapilli and Lapilli
tuff
Granule
2 Granule conglomerate
Very coarse sand
1
Coarse sand Sandstone
0.5
Medium sand Coarse ash |Coarse tuff
0.25 (very coarse,
Fine sand coarse, medium,
L fine, or very
0.125 fine)
Very fine sand
0.0625
st Siltstone/
0.00391 i
J— Fine ash  |Fine tuff
Cla aystone
4 Shale

(o) Broken from previous igneous rock, block shaped (angular to subangular).
(b) Solidified from plastic material while in flight, rounded clasts.

IGNEOUS AND METAMORPHIC
ROCK TEXTURE

TEXTURE DESCRIPTOR AVERAGE GRAIN DIAMETER

VERY COARSE GRAINED  >10 mm [>3/8 in]
OR PEGMATITIC

COARSE GRAINED 5-10 mm [3/16 —3/8 in]
MEDIUM GRAINED 1-5 mm [1/32 =3/16 in]
FINE GRAINED 0.1-1 mm [0.004 — 1/32 in]

APHANITIC (Cannot be <0.1 mm [<0.004 in
seen with the unaided eye)

ADDITIONAL TEXTURAL
ADJECTIVES

PIT (pitted) — pinhole to 0.03 ft [3/8 in] (<1 to 10 mm) openings.

VUG (vu — Small openings (usually lined with crystals) ranging in diameter from
0.03 ft fg’?& in] to 0.33 ft [4 in] (10 to 100 mm).

CAVITY — An opening larger than 0.33 ft [4 in] (100 mm), size descriptions are
required, and adjectives such as small, large, etc., may be used.

HONEYCOMBED — If numerous enough that only thin walls separate individual pits
or vugs, this term further describes the preceding nomenclature to indicate cell—like
form.

VESICLE (vesicular) — Small openings in volcanic rocks of variable shape and size
formed by entrapped gas bubbles during solidification.

BEDDING FOLIATION
OR FLOW TEXTURE
DESCRIPTORS THICKNESS/SPACING

Greater than 10 ft (>3 m)

MASSIVE
VERY THICKLY (bedded, 3 to 10 ft (1 to 3 m)
foliated or banded)

THICKLY 1to 3 ft (300 mmto 1 m)
MODERATELY 0.3 to 1 ft (100 to 300 mm)

THINLY 0.1 to 0.3 ft (30 to 100 mm)

VERY THINLY 0.03 [3/8 in] to 0.1 ft (10 to 30 mm)

-

LAMINATED (Intensely

ess than 0.03 ft [3/8 in] (<10 mm)
foliated or banded)

BEDROCK
HARDNESS /STRENGTH

EXTREMELY HARD (H1): Core, fragment or exposure cannot be scrotched with
knife or sharp pick; can only be chipped with repeated heavy hammer blows.

VERY HARD (H2): Cannot be scratched with knife or sharp pick. Core or fragment
breaks with repeated heavy hammer blows.

HARD (H3): Can be scratched with knife or sharp pick with difficulty (heavy
pressure). Heavy hammer blow required to break specimen.

MODERATELY HARD (H4): Can be scrotched with knife or sharp pick with light or
moderate pressure. Core or fragment breaks with moderate hammer blow.

MODERATELY SOFT (H5): Can be grooved 1/16 inch (2 mm) deep by knife or sharp
pick with moderate or heavy pressure. Core or fragment breaks with light hammer
blow or heavy manual pressure.

SOFT (H6): Can be grooved or gouged easily by knife or sharp pick with light
pressure, can be scratched with fingernail. Breaks with light to moderate manual
pressure.

VERY SOFT (H7): Can be readily indented, grooved or gouged with fingernail, or
carved with a knife. Breaks with light manual pressure.

Any bedrock unit softer than H7, Very Soft, is to be described using USBR 5005—-86
(visual classification of soils) consistency characteristics.
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DISCONTINUITY TERMINOLOGY

DISCONTINUITY — A collective term used for all structural breaks in geologic materials
which usually are unhealed and have zero or low tensile strength. Discontinuities also
may be healed and exhibit high tensile strength. Discontinuities comprise froctures
(including joints), planes of weakness, shears/faults, and shear/fault zones. Contacts

between various units also may be idered ities.

FRACTURE — A term used to describe any natural break in geologic material luding
shears and shear zones. Additional fracture terminology is provided below.

SHEAR — A structural break where differential movement has taken place along a surface
or zone of failure by shear; characterized by striations, slickensides, gouge, brecci
ylonite, or any bination of these. Often direction, amount of displacement, and
continuity may not be known b of limited exp or observations.

FAULT — A shear with significant continuity which can be comrelated between observations;
occurs over a significant portion of a given site, foundation area, or region; or is o
segment of a fault or fault zone defined in the literature. The designation of a shear
as o foult or fault zone is a site—specific determination.

SHEAR/FAULT ZONE — A shear that is expressed in relative terms of width. The zone may
consist of gouge, breccio, or many related foults or shears together with froctured and
crushed rock between the shears and faults, or any combination of these. In the litero—
ture many fault zones simply are referred to as faults.

SHEAR-/FAULT-DISTURBED ZONE — An associated zone of fractures and/or folds
adjacent to a shear or shear zone where the country rock has been subjected to
only minor catoclastic action and may be mineralized. If adjocent to a fault
or fault zone, the term is —di Occurrence, orientation, and
areal extent of these phenomena depend upon depth of burial (pressure and
temperature) during shearing, brittleness of materials, and the stress envelope.

FRACTURE TERMINOLOGY

EXAMPLES SHOWN FOR CORE, BUT APPLICABLE TO ANY OBSERVATION

JOINT (JT) — A relatively planar fracture along which there has

/ been little or no shearing displacement.

>
N

NS
~

FOLIATION JOINT (FJ) OR BEDDING JOINT (BJ) - a relatively
planar fracture which is parallel to foliation or bedding along
which there has been little or no shearing displacement.

S\

BEDDING PLANE SEPARATION — A separation along bedding after
extraction or exposure due to stress relief or slaking.

INCIPIENT JOINT (IJ) OR INCIPIENT FRACTURE (IF) — A joint
or fracture which does not continue through the specimen or
ot least is not seen with the naked
men is wetted, and then allowed to dry, the joint or fracture
trace is evident. When core is broken, it brecks along an ex—
isting plane.

W

RANDOM FRACTURE (RF) — A natural break which does not belong
to a joint set, and which exhibits a generally rough, very
irregular, nonplanar surface.

AN

MECHANICAL BREAK (MB) — A break due to drilling, blasting, or
handling. Mechanical breaks parallel to bedding or foliation
are called Bedding Breaks (BB) or Foligtion Breaks (FB), re—
spectively. Recognizing mechanical breaks may be difficult.
The ab of oxidation. staini

®.

g, or | fillings, and
often a hackly or irregular surface are clues for recognition.

FRACTURE ZONE (FZ) — Numerous, very closely spaced intersect—
ing froctures.

eye. However, when the spec—

Often frogmented core cannot be fitted together.

METHOD OF MEASURING DIP OF
PLANAR DISCONTINUITIES, FOLIATION,
AND BEDDING IN CORE

Wy

Inclination

ore axis

Core axis

2. Angle hole — true dip usually not
known; angle is measured from
core axis and is called inclination.

ROCK QUALITY DESIGNATION (RQD)

EXAMPLE SHOWN FOR CORE, BUT APPLICABLE TO ANY LINEAR OBSERVATION
RQD = Sum of length of solid core pieces > 0.33 ft [4 in] (100 mm) long % 100
- Length of the run in feet (mm)

1. Vertical hole — true dip
is measured and reported.

Expressed as percent (%)

FRACTURE FREQUENCY

FRACTURE FREQUENCY — The number of natural fractures occurring within o base
length or core run. The number of fractures is divided by the length and is
reported as fractures per foot or fractures per meter. Expressed as 3/m or
6/ft.

FRACTURE DENSITY

FRACTURE DENSITY — Based on the spacing of gll ngturgl fractures in an expo—

sure or core recovery lengths in boreholes; i
; however, shear—disturbed zones (fracturing outside

the shear) are included. Descriptors for fracture density apply to all rock
exposures such as tunnel walls, dozer trenches, outcrops, or foundation cut
slopes and inverts, as well as boreholes. Descriptive criteria presented below
are based on borehole cores where lengths are measured along the core oxis.
For other exposures the criterium is distance measured between fractures
(size of blocks).

UNFRACTURED (FDO): No fractures.

VERY SLIGHTLY FRACTURED (FD1): Core recovered mostly in lengths greater than
3 feet (1 m).

SLIGHTLY TO VERY SLIGHTLY FRACTURED (FD2) »

SLIGHTLY FRACTURED (FD3): Core recovered mostly in lengths from 1 to 3 feet
(300 to 1000 mm) with few scattered lengths less than 1 foot (300 mm) or
greater than 3 feet (1000 mm).

MODERATELY TO SLIGHTLY FRACTURED (FD4) =

MODERATELY FRACTURED (FDS): Core recovered mostly in 0.3— to 1.0—foot (100-
to 300—mm) lengths with most lengths about 0.6 foot (200 mm).

INTENSELY TO MODERATELY FRACTURED (FD6) »

INTENSELY FRACTURED (FD7): Lengths average from 0.1 to 0.3 foot (30 to 100
mm) with scattered fragmented intervals. Core recovered mostly in lengths
less than 0.3 foot (100 mm).

VERY INTENSELY TO INTENSELY FRACTURED (FD8) *

VERY INTENSELY FRACTURED (FD9): Core recovered mostly as chips and frag—
ments with a few scattered short core lengths.

+ Combinations of fracture densities (e.g., Very Intensely to Intensely Fractured
or Moderately to Slightly Fractured) are used where equal distribution of both
fracture density characteristics are present over a significant interval or expo—
sure, or where characteristics are "in between” the descriptor definitions.

FRACTURE SPACING

JOINT SET, OR FRACTURE
SPACING DESCRIPTOR TRUE SPACING
EXTREMELY WIDELY SPACED (SP1)
VERY WIDELY SPACED (SP2)
WIDELY SPACED (SP3)
MODERATELY SPACED (SP4)
CLOSELY SPACED (SP5)

VERY CLOSELY SPACED (SP6)

Greater then 10 ft (>3 m)
3to 101t (1to 3 m)

1 to 3 ft (300 mm to 1 m)
0.3 to 1 m (100 to 300 mm%
0.1 to 0.3 ft (30 to 100 mm
less than 0.1 ft (<30 mm)

FRACTURE CONTINUITY

CONTINUITY DESCRIPTOR

DISCONTINUOUS (C1)
SLIGHTLY CONTINUOUS (C2)
MODERATELY CONTINUOUS (C3)
HIGHLY CONTINUOUS (C4)
VERY CONTINUOUS (C5)

DISCONTINUITY LENGTH

Less than 3 ft (<1 m)
3to10f(1to3m)

10 to 30 ft (3 to 10 m)

30 to 100 ft (10 to 30 m)
Greater than 100 ft (>30 m)

FRACTURE ENDS (JOINT SURVEYS)

FRACTURE ENDS
DESCRIPTOR

E@
E1

E2

DESCRIPTIVE CRITERIA

Zero ends leave the exposure (both ends can be seen).

One end of the fracture terminates in the exp e
(one end can be seen).

Neither fracture end terminates in the exposure
(neither end can be seen).

FRACTURE OPENNESS OR
FILLING THICKNESS

FILLING THICKNESS OPENNESS
DESCRIPTOR THICKNESS/OPENNESS DESCRIPTOR
CLEAN (T8) Mo film or coating.
No visible separation. TIGHT (0@)

VERY THIN (T1)

MODERATELY THIN  0.003 to 0.01 ft [1/32 to

(T2)
THIN (13)

MODERATELY THICK 0.03 ft [3/8 in] to 0.1 ft

(T4)
THICK (T5)

Less than 0.003 ft [1/32 in] SLIGHTLY OPEN (01)
(<1 mm).

MODERATELY OPEN (02)
1/8 in] (1 to 3 mm).

0.01t0 0.03ft [1/8to 3/8 OPEN (03)
in] (3 to 10 mm).

MODERATELY WIDE (04)
(10 to 30 mm).

Greater than 0.1 ft (>30 mm). WIDE (05)
Actual thickness or
openings recorded.

FRACTURE MOISTURE CONDITIONS

MOISTURE
DESCRIPTOR

M1

M2

M3

M4

MS

M6

M7

DESCRIPTIVE CRITERIA

The fracture is dry. It is tight or filling (where present) is
of sufficient density or composition to impede waterflow.
Waterflow along the fracture does not appear possible.

The fracture is dry with no evidence of previous waterflow.
Waterflow appears possible.

The fracture is dry, but shows evidence of waterflow such
as staining, leaching and/or vegetation.

The fracture or filling (where present) is damp, but no free
water is present.

The fracture shows seepage. It is wet with occasional
drops of water.

The fracture emits a continuous flow (estimate flow rate)
under low pressure. Filling materials (where present) may
show signs of leaching or piping.

The fracture emits a continuous flow (estimate flow rate)
under moderate to high pressure. Water is squirting and/
or filling material (where present) may be substantially
washed out.

FRACTURE ROUGHNESS

Refers to small—scale asperities of surfaces, not large—scale undula—
tions or waviness.

STEPPED (R1): Near—normal steps and ridges occur on the fracture surface.

ROUGH (R2): Large, angular asperities can be seen.

MODERATELY ROUGH (R3): Asperities are clearly visible and fracture surface
feels abrasive.

SLIGHTLY ROUGH (R4): Small asperities on the fracture surface are visible
and can be felt.

SMOOTH (R5): No asperities, smooth to the touch.

POLISHED (R6): Extremely smooth and shiny. -

FRACTURE SURFACE AND/OR FILLING
ALTERATION AND HARDNESS

Descriptors for weathering or alteration of fracture surfaces and fracture fillings
(excluding soil moterials) are the same as those used for weathering and
alteration of rock.

Descriptors for hardness/strength of fillings and/or fracture surfaces are the
same as those presented for hardness of rock and consistency of soils.

DISCONTINUITY HEALING

TOTALLY HEALED (HL1) — All fragments bonded, discontinuity is completely
healed or recemented to a degree at least as hard as surrounding rock.

MODERATELY HEALED (HL3) — Greater than 50 percent of fractured or sheared
material, discontinuity surfaces or filling is healed or recemented; and/or
strength of healing agent is less hard than surrounding rock.

PARTLY HEALED (HL5) — Less than 50 percent of fractured or sheared material,
discontinuity surface or filling is healed or recemented.

NOT HEALED (HLB) — Discontinuity surface, fractured zone, sheared material or
filling is not healed or recemented, rock fragments or filling (if present) held
in place by their own angularity and/or cohesi

SHEAR/FAULT DESCRIPTORS
SHEAR/FAULT GOUGE CONSISTENCY

DESCRIPTOR DESCRIPTIVE CRITERIA (Similar to consistency of soils)

VERY HARD Gouge cannot be broken with finger pressure; cannot be indented

with fingernail.

HARD Gouge can be broken with firm finger pressure; can be indented
with fingernail; cannot be indented with thumb.

FIRM Gouge can be easily crumbled; can be indented with thumb 1 to
5 mm.

SOFT Gouge can be easily molded; con be penetrated with thumb S to
25 mm.

VERY SOFT Gouge can be penetrated with thumb more than 25 mm.

SHEAR/FAULT MOISTURE DESCRIPTORS

The apparent moisture content of gouge is described as WET (visible free water);
MOIST (damp, but no visible water); and DRY (absence of moisture, dusty, dry
to the touch). Moisture descriptors M1 through M7 may be used to describe
the shear or shear zone.

BRECCIA SHAPES

Angular. .. ............... . @
Subangular. . .. .......... ... Qﬂ ?

Subrounded. . .............

Rounded. ... ............. . %
Platy . . ................. -1
Lens—shaped. . ............ . ==
Wedge—shaped. . . .. ........ L =z

RELHO! 3—8-00 ORIGINAL 40-0D—6459 TO ACAD, CHANGED
1 D-P MR DWG. NO., MINOR REVISIONS.

ALWAYS THINK SAFETY

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

IGEOLOGY FOR DESIGN & SPECIFICATIONS|

STANDARD DESCRIPTORS AND DESCRIPTIVE
CRITERIA FOR DISCONTINUITIES
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SHEET 1 OF 1

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-1

PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,075,067.9 E 2,497,016.8 N.M. State Plane

STATE: New Mexico
GROUND ELEVATION: 5175.1 ft NAD 83

FEATURE: San Juan Lateral Water Treatment Plant
LOCATION: Site Investigation

BEGUN: 6/14/17 FINISHED: 6/15/17

TOTAL DEPTH: 45.0 ft

ANGLE FROM HORIZONTAL: -90°

DEPTH AND ELEVATION OF WATER LEVEL: NE DEPTH TO BEDROCK: 1.8 ft HOLE LOGGED BY: P. Gardner
DATE MEASURED: 6/15/2017 REVIEWED BY: C. Beyer
2 % LABORATORY DATA = - >
g g 9} g zQ L Q
T > Q € 5 1 = > DO: ':( 0 a '<_(
NOTES Elo |28 5|2 |ale|l |2 |5x]Ex52] 2 |32 CLASSIFICATION AND
818w« |2 |5 |2|5|8|2|c828|52] & |25 PHYSICAL CONDITION
3 T o |3 Z|= o]
o] Q B s | = - < o0 |<< <
g8 %1 =12 127(88153| & | 3
All measurements are from ground 0.0 to 1.8 ft QUATERNARY ALLUVIUM (Qal)
level and are the same as those used - Qal cL i
by drillers. NR 51733 | 0.0to 1.8 ft LEAN CLAY (CL): About 90% fines
] with low plasticity, low toughness, medium dry
DRILLED BY: Upper Colorado Drill | strength and no dilatancy; about 10% fine to
Crew ! 9 coarse, hard, angular sand; maximum size, coarse
DRILLER: B. Lane - 25 | 0 87.8(122| 0.0 | 320|16.2| 4.9 | CL | 14/40/50 sand; brown and dry; strong reaction with HCI.
HELPER: M. Butler 5— CLSTN | 1.8 to 45.0 ft CRETACEOUS MANCOS SHALE
Km)
PURPOSE: _ e | o 76.0 [24.0 | 0.0 [29.5 | 13.2 | 3.3 |(CL)s |50/NA/NA (Km)
Preconstruction soil and bedrock _| 1.81t07.9 ft CLAYSTONE: Light to dark brown
foundation investigations. 51670 | color. Laminated to thinly bedded. Very soft (H7)
— * and decomposed (W9) to 4.5 ft. Intensely
DRILL EQUIPMENT: 5| o 808192 | 00 343|196 57 | CL | 21/45/50 weathered (W7) below 4.5 ft. CaCOXx in
CME Model 850 track mounted rotary T 7 laminations. Strong reaction with HCI.
drill rig. 107 7 7.91013.9 ft SHALE: Light to dark gray color,
DRILL METHOD: - 68 | o 923177 | 00 |338)185| 52 | CL |17/50/NA| sHALE | laminated to very thinly bedded and fissile. Very
0.0103.0ft 4 25‘) inch HSA with pilot soft (H7) and intensely weathered (W7). Gypsum
: I P . present below 10.4 ft. FeOx and MnOx staining
bit. . ) below 13.3 ft. Easily breaks on bedding planes.
3.0t026.5ft: 4.25 inch HSA with dry 7] 89.011.0| 00 357|211 | 7.0 | cL | 31/42/50 Strong reaction with HCI.
core system and SPT. | 28 0 5161.2
26.5t0 45.0 ft: 4.25 inch HSA with dry 13.9to 16.2 ft CLAYSTONE: Light to dark brown
core system. 15— CLSTN | color. Laminated to thinly bedded. Very soft (H7)
and intensely weathered (W7). CaCOx in
CASING RECORD: 1 8601401 00 | 336|173 ] 4.1 | CL |50NANA| 51689 | aminaions. MnOx and FeOx staining present.
None used. _| Strong reaction with HCI.
DRILLING MEDIUM: — 60 0 16.2 to 45.0 ft SHALE: Light to dark gray color,
0.0 to 45.0 ft: None : laminated to very thinly bedded and fissile.
: I : — Moderately soft (H5) and moderately weathered
. (W5). FeOx, MnOx staining and gypsum present.
HOLE, COMPLETION: X 20— Easily breaks on bedding planes. Hard pan,
Backfilled with bentonite and cuttings. | 94456 | 00 [33.8|17.4| 26 | CL |50/NA/NA moderately hard (H4) and moderately weathered
5 (WS5), encountered between 26.2 to 27.4 ft. Weak
SAMPLING: — reaction with HCI.
3.0to 4.5 ft: SPT 100 | O
5.0t0 6.5 ft: SPT 1 km STRATIGRAPHY:
7.5t09.0 ft: SPT -
10.0to 11.5 ft: SPT 0.0 to 1.8 ft QUATERNARY ALLUVIUM (Qal)
12.5t0 14.0 ft: SPT 25— 1.8 to 45.0 ft CRETACEOUS MANCOS SHALE
15.0t0 165 ft. SPT | NA [NA | NA | NA | NA | NA | NA [s0NANA (Km)
20.0to 21.5ft: SPT
25.0t0 26.5 ft: SPT (NR) - 4
18 0
30—
B 5 SHALE
32 0
35—
N 5
32 0
40—
26 0
45 5130.1
T

BOTTOM OF HOLE

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Geology Field Manual and Drawing
Titled Geology for Designs and Specification as follows "Drawing No. 40-D-6493 Standard Descriptions and Descriptive Criteria for rock. Drawing No.

40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities.

|SHEET 1 OF 1 |DRILLHOLE DHWTP3-17-1
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FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Site Investigation

BEGUN: 6/16/17 FINISHED: 6/17/17

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-2
PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,075,749.0 E 2,498,110.4 N.M. State Plane
TOTAL DEPTH: 45.0 ft

SHEET 1 OF 1

STATE: New Mexico
GROUND ELEVATION: 5172.0 ft NAD 83
ANGLE FROM HORIZONTAL: -90°

DEPTH AND ELEVATION OF WATER LEVEL: NE DEPTH TO BEDROCK: 10.2 ft HOLE LOGGED BY: P. Gardner
DATE MEASURED: 6/17/2017 REVIEWED BY: C. Beyer
2 % LABORATORY DATA = =
Q ] 9] >0 £ o
| 2|3 2|2 S e |s EE| o | LE
818w« |2 |5 |2|5|8|2|c828|52] & |25 PHYSICAL CONDITION
3 T (O] = zZ| 2 [e)
o Q = - N - o | oo << S <
8|2 ¥ * |82 |8c]?8] = | 3
All measurements are from ground 0.0 to 10.2 ft QUATERNARY ALLUVIUM (Qal)
level and are the same as those used ] NR
by drillers. oL 0.0to0 3.8 ft LEAN CLAY WITH SAND (CL)s: About
] (CL)s 85% fines with low plasticity, low toughness, high
. ; | dry strength and slow dilatancy; about 15% fine to
gg\l&LED BY: Upper Colorado Drill 95248 | 00 [350(21.0| 59 | CL | 16/25/24 | ..o | medium sand; maximum size, medium sand; brown
DRILLER: B. Lane - NR [ NR - and dry; CaCOx stringers and nodules; strong
v ti ith HCI.
HELPER: M. Butler 5 Qal reaction
. | 93169 | 00 |352|196]| 76 | cL | 8/18/17 3.8t010.2ft LEAN CLAY (CL): About 95% fines
PURPOSE: 721 0 with medium plasticity, medium toughness, high dry
Preconstruction soil and bedrock _| oL strength and no dilatancy; about 5% fine to medium,
foundation investigations. subangular sand; trace of coarse, hard, subangular
— 6|14 ] 72 | 20. 7. cL |1 41 gravel; maximum size, 30mm; brown and dry; strong
DRILL EQUIPMENT: B 36 0 98.6 00 |3 08 5 8/33/ reaction with HCI.
CME Model 850 track ted rot
drill rig ode rack mounted rotary 10— 5161.8 | 10.2to45.0 ft CRETACEOUS MANCOS SHALE
. ] (Km)
| 91.0(9.0 | 0.0 |332]|156| 6.3 | CL [31/50/NA
ODFS':-LZMSEJ Hszé, inch HSA with pilot 40 | 0 10.2t0 27.0 ft CLAYSTONE: Light to dark brown
bit 0 201t 4.251nC with pilo — color. Laminated to very thinly bedded. Very soft
. . (H7) and very intensely weathered (W8). Carbon
2.5t04.0ft: 4.25 inch HSA and SPT. N 99010 | 00 |387|216]| 70 | cL |18/50/NA blebs and CaCOx in laminations. Gypsum present
é.O to 5.0 ft: 4.25 inch HSA with pilot _ 52 | 0 and sandy. Strong reaction with HCI.
it.
5.0 to 36.5 ft: 4.25 inch HSA with dry 15— 27.0t028.2 ft SHALE: Dark gray color and no
core system and SPT. 96.0|40 | 00 [341]166| 6.9 | cL | 932134 bedding foliation. Moderately hard (H4) and
36.5 t0 45.0 ft: 4.25 inch HSA with dry 1 moderately weathered (W5). Weak reaction with
core system. | HCI.
CASING RECORD: — 20 0 28.2t045.0 ft SHALE: Light to dark gray color,
None used : 7 8 CLSTN | laminated, sandy and fissile. Moderately soft (H5)
) — and moderately to slightly weathered (W4). Easily
breaks on bedding planes. Bedding planes near
DRILLING MEDIUM: 20— horizontal. Strong reaction with HCI.
0.0t0 45.0 ft: None. _ 94159 | 0.0 |356(183| 7.0 | CL |20/30/32 9
STRATIGRAPHY:
HOLE COMPLETION: -
Backfilled with bentonite and cuttings. 26 0 0.0 to 10.2 ft QUATERNARY ALLUVIUM (Qal)
T 10.2 to 45.0 ft CRETACEOUS MANCOS SHALE
SAMPLING: i (Km)
2.5t04.0 ft: SPT
5.0t0 6.5 ft: SPT 25—
7.5t09.0 ft: SPT _ 94951 0.0 (352|179 65 | CL 7/33/50
10.0to 11.5 ft: SPT
12.5t0 14.0 ft: SPT - 51450
15.0to 16.5 ft: SPT Km | 30 0 4 5
20.0to 21.5ft: SPT N
25.0t026.5 ft: SPT -
30.0 to 31.5ft: SPT (NR)
35.0t0 36.5 ft SPT (NR) 30—
_ NA [ NA | NA [ NA [ NA [ NA [ NA |50/NA/NA
56 0
35—
_ NA [ NA | NA [ NA [ NA [ NA [ NA |50/NA/NA SHALE
— 95 0 5 4
100 | O
40—
| 100 | O
T 100 | O
4 5127.0

BOTTOM OF HOLE

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Geology Field Manual and Drawing
Titled Geology for Designs and Specification as follows "Drawing No. 40-D-6493 Standard Descriptions and Descriptive Criteria for rock. Drawing No.

40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities.

|SHEET 1 OF 1 |DRILLHOLE DHWTP3-17-2
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GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-3
PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,076,413.3 E 2,499,422.8 N.M. State Plane
TOTAL DEPTH: 45.0 ft

FEATURE: San Juan Lateral Water Treatment Plant
LOCATION: Site Investigation
BEGUN: 6/17/17 FINISHED: 6/18/17

SHEET 1 OF 1

STATE: New Mexico
GROUND ELEVATION: 5186.2 ft NAD 83
ANGLE FROM HORIZONTAL: -90°

DEPTH AND ELEVATION OF WATER LEVEL: NE DEPTH TO BEDROCK: 1.7 ft HOLE LOGGED BY: P. Gardner
DATE MEASURED: 6/18/2017 REVIEWED BY: C. Beyer
2 % LABORATORY DATA = =
Q w o >0 T o
=3 8|2 e | o £
T = 3
NOTES El2l8 8 2|8 g|e|Y|E B, esl5d] & |28 CLASSIFICATION AND
wn [TH [TH
818w« |2 |5 |2|5|8|2|c828|52] & |25 PHYSICAL CONDITION
3 T (O] = zZ| 2 [e)
2138 = lel=| 2|3 |3%23|ss| 9 <
o I =19 |d |20]|73] @ 3
All measurements are from ground 0.0 to 1.7 ft QUATERNARY ALLUVIUM (Qal)
level and are the same as those used - Qal CL .
by drillers. 51845 | 0.0to 1.7 ft LEAN CLAY (CL): About 90% fines
] with low plasticity, low toughness, high dry strength
DRILLED BY: Upper Colorado Drill | NR and slow dilatancy; about 10% fine to medium
Crew : sand; maximum size, medium sand; brown and
DRILLER: B. Lane — ; 8 oLSTN dry; strong reaction with HCI.
HELPER: M. Butler 5— 1.7 to 45.0 ft CRETACEOUS MANCOS SHALE
Km)
PURPOSE: | o | o 95545 | 00 |40.7 [216| 7.8 | CL | 23/37/50 (Km)
Preconstruction soil and bedrock _| 5179.0 1.7t0 7.2 ft CLAYSTONE: Light to dark brown
foundation investigations. color. Laminated to very thinly bedded. Very soft
— (H7) and very intensely weathered (W8). Carbon
DRILL EQUIPMENT: NR | NR 5 5 NAINA | NA | NA | NA | NA | NA |50/NA/NA SHALE | blebs and CaCOx in laminations. Gypsum present
CME Model 850 track mounted rotary 1 and sandy. Strong reaction with HCI.
e ha 87.4|11.4 | 1.2 | 340|169 | 6.3 | CL | 17/33/26 e |7'2-t . :Oaztﬂ SH/?,'{-Ef t‘%?; tz di;k(?’ayt‘ﬂ“" it
. — - - . - - - laminated to very thinly bedded. Moderately sof
ODFéltIBlevcl)EfIHszé inch HSA with pilot 32 0 (H5) and moderately weathered (W5). Weak
bit IS P — reaction with HCI.
5.0 t0 26.5 ft: 4.25 inch HSA with dry h 84.4(15.6| 0.0 |33.3|16.7| 59 |(CL)s| 26/39/33 10.2to 19.3 ft CLAYSTONE: Light to dark brown
core system with SPT. _| 44 0 color. Laminated to very thinly bedded. Very soft
26.5t0 45.0 ft: 4.25 inch HSA with dry (H7) and intensely weathered (W7). Carbon blebs
core system. 15— 7 7 CLSTN | and CaCOx in laminations. Gypsum present and
| 76.9 (217 | 14 |31.2 138 | 5.2 |(cLs | 21/41/44 sandy. Strong reaction with HCI.
CASING RECORD:
None used. | JOINT MEASUREMENTS:
20 0 DEPTH INCL R T HL INFILLING
DRILLING MEDIUM: — 107167 4 4 NA  CaCOx
0.0t0 45.0 ft: None. . 51669 | 19.31t045.0 ft SHALE: Light to dark gray color,
laminated to very thinly bedded and fissile.
HOLE COMPLETION: 20— Moderately soft (H5) and moderately weathered
Backfilled with bentonite and cuttings. _ 88.1(11.9| 0.0 | 336|164 | 6.0 | CL |20/50/NA (W5). Easily breaks on bedding planes. Bedding
planes near horizontal. Weak reaction with HCI.
SAMPLING: -
5.0t0 6.5 ft: SPT 32 0 STRATIGRAPHY:
7.5t09.0 ft: SPT (NR) 1 Km
10.0to 11.5 ft: SPT | 0.0 to 1.7 ft QUATERNARY ALLUVIUM (Qal)
12.5t0 14.0 ft: SPT 1.7 to 45.0 ft CRETACEOUS MANCOS SHALE
15.0t0 16.5 ft: SPT 25— (Km)
20.0 to 21.5 ft: SPT _ 55.1(18.2 | 26.7 | 30.4 | 15.4 | 5.0 |g(CL)s|50/NA/NA
25.0t0 26.5 ft: SPT
T 2o 5
30—
100 0 5 SHALE
35—
— 100 | O
100 | O
40— 4
| 100 | O
1 100 | O
4 51412

BOTTOM OF HOLE

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."

SHEET 1 OF 1 |DRILL HOLE DHWTP3-17-3




G12

FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Site Investigation

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-4

PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,076,975.9 E 2,497,567.6 N.M. State Plane

SHEET 1 OF 1

STATE: New Mexico
GROUND ELEVATION: 5169.4 ft NAVD 88

BEGUN: 12/4/17 FINISHED: 12/5/17 TOTAL DEPTH: 50.5 ft ANGLE FROM HORIZONTAL: -90°
DEPTH AND ELEVATION OF WATER LEVEL: NE DEPTH TO BEDROCK: 1.5 ft HOLE LOGGED BY: P. Gardner
DATE MEASURED: 12/5/2017 REVIEWED BY: C. Beyer
2 % LABORATORY DATA = - >
g g 9} g E Q L Q
T > Q € 5 1 = > o ':( 0 4 '<_(
NOTES E10l8(8 |2 |8 |wlo|T |2 &, |8 28| o |23 CLASSIFICATION AND
= 4 4 Q w z @) [ [
818w« |2 |5 |2|5|8|2|c828|52] & |25 PHYSICAL CONDITION
= T w (G} = Z|LZ |00 [e) ]
o] Q = s | = - <=0 (<< <
Ak NIRRT
All measurements are from ground Qal cL 0.0 to 1.5 ft QUATERNARY ALLUVIUM (Qal)
level and reported in feet unless 7 5167.9 )
otherwise noted. | NR 0.0to 1.5 ft LEAN CLAY (CL): About 90% fines
with medium plasticity, medium toughness,
DRILLED BY: Upper Colorado Drill — medium dry strength and no dilatancy; about 10%
Crew : | 945155 | 00 1361|194 | 65 | oL | 24138132 fine to medium sand; maximum size, medium
DRILLER: B. Lane 5 44 . E - - g E sand; brown and dry; strong reaction with HCI.
HELPER: C. Reynolds, D. Hunter _ 1.5 to 50.5 ft CRETACEOUS MANCOS SHALE
Km)
PURPOSE: | 76 28/44 (Km)
Preconstruction soil and bedrock | 1.5t023.5ft CLAYSTONE: Light to dark brown
foundation investigations. color and sandy. Laminated to very thinly bedded
— and friable. Very soft (H7) to moderately soft (H5)
DRILL EQUIPMENT: 10— 48 703|297 | 0.0 | 316 158 | 5.2 |(CL)s ) 21/39/50 and intensely weathered (W7). Carbon blebs and
CME Model 850 track mounted rotary FeOx staining present. CaCOx nodules, stringers
drill rig — and in laminations. Grades to shale. Strong
. 27127 reaction with HCI.
. n 76 .
DRILL METHOD: I _ 577 CLSTN | 23516254 ft SHALE: Light to dark gray color and
0.0 to 3.5: 4.25 inch HSA with pilot bit. - - h
. . dry. Laminated to very thinly bedded and fissile.
3.510 26.0: 4.25inch HSA and dry . 753 [24.7 | 0.0 | 306 | 14.2 | 5.1 |(cL)s | 1027139 Moderately hard (H4) and slightly weathered (W3).
core system with SPT and California 15— FeOx staining present. CaCOx nodules, stringers
Sampling. and in laminations. Bedding planes near horizontal.
26.0 to 28.5: 4.25 inch HSA with pilot T 74 Weak reaction with HCI.
bit. -
28.5t0 38.5: 4.25 inch HSA with dry 25.4t0 50.5 ft SHALE: Light to dark gray color.
core system and California Sampling. 1 Laminated to thinly bedded and fissile. Moderately
38.5 to 50.5: HQ3 diamond core - 31/34 soft (H5) and slightly weathered (W3). FeOx
drilling system with 5-foot-long split staining present. CaCOx nodules, stringers and in
tube sample barrel 20— laminations. Bedding planes near horizontal.
: _ 78 Claystone interbeds. Weak reaction with HCI.
CASING RECORD: - JOINT MEASUREMENTS:
None used. i DEPTH INCL R T HL _ INFILLING
DRILLING MEDIUM 51459 | 376 88° 6 3 6 CaCOx, FeOx
: — 50.0 90° 6 3 6 CaCOx, FeOx
0.0 to 38.5: None. | 100 4 NA | NA | NA | NA | NA | NA | NA [30/NA/NA
38.5t0 50.5: Water. 25 STRATIGRAPHY:
— Km
DRILLING NOTES: _ 0.0 to 1.5 ft QUATERNARY ALLUVIUM (Qal)
Auto Hammer set at constant RPM rate NR 1.5to 50.5 ft CRETACEOUS MANCOS SHALE
of 20-40 blows per minute - (Km)
— 19/NA
HOLE COMPLETION:
Backfilled with bentonite. 30
— 100
SAMPLING: |
3.5t05.0: SPT
6.0 to 7.0: California (A,B,C) T
8.5t0 10.0: SPT -
11.0 to 12.0: California (A,B)
13.5t0 15.0: SPT 35—
18.5 to 19.5: California (A,B,C) — 100
23.51025.0: SPT (NR) |
28510 29.5: California (NR) 3 SHALE
38.8 to 39.6: HQ3 Core (A) — 5
40.0 to 40.5: HQ3 Core (B) |
40.5 to 41.5: HQ3 Core (C)
42.6 to 43.3: HQ3 Core (D) 40— 93 | 87
44.8 to 45.2: HQ3 Core (E) -
46.5 to 47.5: HQ3 Core (F) |
47.7 to 48.7: HQ3 Core (G)
= 80 | 52
45—
] 100 | 95
50— 51189
BOTTOM OF HOLE
COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."
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FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Site Investigation
BEGUN:

12/13/17 FINISHED: 12/14/17

DEPTH AND ELEVATION OF WATER LEVEL: NE

DATE MEASURED: 12/14/2017

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-5

PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,076,059.4 E 2,497,390.5 N.M. State Plane

TOTAL DEPTH: 50.0 ft
DEPTH TO BEDROCK: 4.0 ft

SHEET 1 OF 1

STATE: New Mexico

GROUND ELEVATION: 5166.0 ft NAVD 88
ANGLE FROM HORIZONTAL: -90°

HOLE LOGGED BY: P. Gardner
REVIEWED BY: C. Beyer

E_.‘? E LABORATORY DATA = - =
5|8 9|2 . g2l 5 | =
NOTES Elo| 8|85 % gle|Y |5 |5 eel5S| 2 |38 CLASSIFICATION AND
= 4 4 Q w b4 4 o [ [
818w« |2 |5 |2|5|8|2|c828|52] & |25 PHYSICAL CONDITION
ar T o =) z|2 o)
] Q = o | 2 - < << <
8|3 151|212 |88]33] 3 | 3
All measurements are from ground 0.0 to 4.0 ft QUATERNARY ALLUVIUM (Qal)
level and reported in feet unless 1 0.0104.0ft LEAN CLAY (CL): About 90% f
therwi ted. | .0to 4. . Abou b fines
otherwise note Qal | NR cL with low plasticity, low toughness, high dry
- f . o fi .
B[R?IvlfLER' B. Lane 5 SHALE | strong reaction with HCI. '
HELPER: C. Reynolds, D. Hunter 100 960140 | 00 13351200 81 | CL | 16/27126 4.0 t0 50.0 ft CRETACEOUS MANCOS SHALE
] (Km)
PURPOSE: -
Preconstruction soil and bedrock 22/41 4.0to 4.8 ft SHALE: Light to dark gray color,
foundation investigations. N 100 sandy, fissile and dry. Bedding is laminated and
- bedding planes near horizontal. Moderately soft
DRILL EQUIPMENT: (H5) and moderately to slightly weathered (W4).
CME Model 850 track mounted rotary 10— 36 98.0120 | 0.0 |36.9]205| 9.0 | CL |13/20/23 Strong reaction with HCI.
drill rig. N 4.81025.4 ft CLAYSTONE: Light to dark brown
. 1 color, sandy and dry. Laminated to thinly bedded
ODFéltLL“MSIT:T:K;g: h HSA with pilot bit _| 25/46 and bedding planes near horizontal. Very soft (H7)
a5 tg 27 4 25Iinr$ch HSAV&vllnd %'; = 40 to moderately soft (H5) and moderately to slightly
. 0. G ¢ ! — weathered (W4). Carbon blebs present. CaCOx
core system with SPT and California 15— 4 nodules, stringers and in laminations. Friable and
Sampling. 57 97.8|22 | 00 | 366|188 | 83 | cL |21/36/42 | CLSTN | easily breaks on bedding planes. Slakes rapidly in
27.8 to 28.0: 4.25 inch HSA with pilot — water. Strong reaction with HCI.
bit.
28.0to 50.0: HQ3 diamond core y 52 25.41027.8ft SHALE: Light to dark gray color,
drilling system with 5-foot-long split — sandy and dry. Laminated to very thinly bedded and
tube sample barrel. | fissile. Moderately soft (H5) and slightly weathered
(W3). FeOx staining present. CaCOx nodules,
CASING RECORD: 20— 30/33 stringers and in laminations. Bedding planes near
None used horizontal. Weak reaction with HCI.
. | 27.8to 34.2 ft SHALE: Light to dark gray color,
DRILLING MEDIUM: 60 sandy and dry. Laminated to very thinly bedded and
0.0 t0 28.0: None. - fissile. Hard (H3) and slightly weathered (W3).
28.0 to 50.0: Water. _ FeOx staining present. CaCOx nodules, stringers
and in laminations. Bedding planes near horizontal.
DRILLING NOTES: 25— 96.8 |32 | 0.0 | 374|204 | 74 | CL |20/50/NA| 51406 | Weak reaction with HCI.
Auto Hammer set at constant RPM rate |
of 20-40 blows per minute. 91 5 JOINT MEASUREMENTS:
— Km DEPTH INCL R T HL INFILLING
HOLE COMPLETION: B 285 00 41 1 CaCOx
Backdilled with bentonits. _ 34210500 ft SHALE: Light to dark gray color,
. sandy and dry. Laminated to thinly bedded and
f’lg'\{flélgesp_r 30— 93 | 80 fissile. Moderately soft (H5) and slightly weathered
. - ! ) — 3 (W3). FeOx staining present. CaCOx nodules,
gg :0 513100 Cg":"f_(r)m'a (A,B) stringers and in laminations. Bedding planes near
010 11.0 1 horizontal. Weak reaction with HCI.
12.0 to 13.0: California (A,B) |
14.5t0 16.0: SPT JOINT MEASUREMENTS:
19.5 to 20.5: California (A,B) T 100 | 18 DEPTH INCL R T HL INFILLING
2451026.0: SPT 35— 428 87" 4 2 3 CaCOx
28.8 t0 29.5: HQ3 Core (A)
31.0 to 31.7: HQ3 Core (B) 7 STRATIGRAPHY:
ﬁg }g ﬁ'gf :82 gg;g 58; T 3 baLE | 0010 1.7 ft QUATERNARY ALLUVIUM (Qal)
. o — S 1.7 to 50.0 ft CRETACEOUS MANCOS SHALE
49.1 to 49.9: HQ3 Core (E) (Km)
100 | O
40—
T 5
] 100 | 76
45—
i 100 | 53
56 5116.0
BOTTOM OF HOLE
COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."
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FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Site Investigation
BEGUN:

12/15/17  FINISHED: 12/15/17

DEPTH AND ELEVATION OF WATER LEVEL: NE

DATE MEASURED: 12/15/2017

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-6

PROJECT: Navajo Gallup Water Supply Project
E 2,498,350.0 N.M. State Plane

COORDINATES: N 2,076,266.1
TOTAL DEPTH: 51.5ft
DEPTH TO BEDROCK: 0.9 ft

SHEET 1 OF 1

STATE: New Mexico

GROUND ELEVATION: 5174.3 ft NAVD 88
ANGLE FROM HORIZONTAL: -90°

HOLE LOGGED BY: P. Gardner
REVIEWED BY: C. Beyer

2 % LABORATORY DATA = =
Q u ] >0 iy o
|33 8|z NN & » | UE
NOTES e b Q18| % 4 lp o |d = Eo 4= 50 S <0 CLASSIFICATION AND
= 4 4 Q w z @) [ [
818w« |2 |5 |2|5|8|2|c828|52] & |25 PHYSICAL CONDITION
o] T 18 [G) = Z|LZ2|on o) [}
o Q B s | = - <=0 (<< <
8| = 3 =1 S|z |3°|78| ® 3
All measurements are from ground Qal 51784 | 0.0to 0.9 ft QUATERNARY ALLUVIUM (Qal)
level and reported in feet unless o e
otherwise noted. i NR 0.0t0 0.9 ft LEAN CLAY (CL): About 95% fines
with low plasticity, low toughness, medium dry
DRILLED BY: Upper Colorado Drill 1 strength and no dilatancy; about 5% fine sand;
Crew . | maximum size, fine sand; brown and dry; strong
i reaction with HCI.
DRILLER: B. Lane 5— 28 96.1(39 | 0.0 (403|253 | 7.4 | CL |13/25/34
HELPER: C. Reynolds, D. Hunter _ 0.9 to 51.5 ft CRETACEOUS MANCOS SHALE
Km
PURPOSE: — 45/50 (Km)
Preconstruction soil and bedrock | 8 0.9t0 17.6 ft CLAYSTONE: Light to dark brown
foundation investigations. color and dry. Laminated to thinly bedded, bedding
1 5-7 7 CLSTN | Pplanes near horizontal. Very soft (H7) to
DRILL EQUIPMENT: 10— 984|116 | 0.0 |387|19.5| 80 | CL | 8/33/39 moderately soft (H5) and intensely weathered
CME Model 850 track mounted rotary | 28 (W7). Carbon blebs present. CaCOx nodules,
drill rig. stringers and in laminations. Friable, easily breaks
| 17/34 on bedding planes. Grades to shale. Strong
DRILL METHOD: B 20 reaction with HCI.
0.0 to 4.0: 4.25 inch HSA with pilot bit. 17.6t0 19.5 ft SHALE: Li
. . - . . : Light to dark gray color and
4.0t0 18.6: 4.25 inch HSA and dry 03466 | 00 | 372|189 69 | cL | 2713328 dry. Laminated to very thinly bedded and fissile.
core system with SPT and California 15— ks : - - - Moderately hard (H4) and slightly weathered (W3).
Sampling. _| FeOx staining present. Bedding planes near
18.6 to 19.0: 4.25 inch HSA with pilot 48 horizontal. Weak reaction with HCI.
bit. 7 5156.7
19.0 to 51.5: HQ3 diamond core — | 195t051.5ft SHALE: Light to dark gray color.
drilling system with 5-foot-long split FNR] 4 Laminated to very thinly bedded and fissile.
tube sample barrel. N Moderately soft (H5) and slightly weathered (W3).
20— FeOx staining present. CaCOx in laminations.
CASING RECORD: 88 | 33 Bedding planes near horizontal. Easily separates
None used . . on bedding planes. Claystone interbeds. No to
) | strong reaction with HCI.
DRILLING MEDIUM: . JOINT MEASUREMENTS:
0.0t 19.0: None. i 100 | 62 DEPTH INCL R T HL INFILLING
19.0 to 51.5: Water. 34.2 89° 4 2 3 CaCOx
25—
DRILLING NOTES: -k STRATIGRAPHY:
Auto Hammer set at constant RPM rate B m 0.0t0 0.9 ft QUATERNARY ALLUVIUM (Qal)
0f 20-40 blows per minute. ] 0.9to 51.5 ft CRETACEOUS MANCOS SHALE
HOLE COMPLETION: | 100 | 78 (Km)
Backfilled with bentonite. 20
SAMPLING: -
4.0t05.5: SPT |
6.5to 7.5: California (A,B)
9.0to 10.5: SPT —
11.5to 12.5: California (A,B) |
14.0 to 15.5: SPT 100 82 3 SHALE
24.7 to 25.2: HQ3 Core (A) 35— 5
27.0t0 27.7: HQ3 Core (B) —
28.31t029.2: HQ3 Core (C) |
31.7 to 32.7: HQ3 Core (D)
34.9 to 35.5: HQ3 Core (E) T
38.3 to 39.0: HQ3 Core (F) i 100 | 84
40—
— 100 | 80
45—
— 100 | 84
50—
. 5122.8
BOTTOM OF HOLE
COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."
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FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Site Investigation

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-7

PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,075,532.3 E 2,499,260.6 N.M. State Plane

SHEET 1 OF 1

STATE: New Mexico
GROUND ELEVATION: 5179.2 ft NAVD 88

BEGUN: 12/16/17 FINISHED: 12/17/17 TOTAL DEPTH: 51.5ft ANGLE FROM HORIZONTAL: -90°
DEPTH AND ELEVATION OF WATER LEVEL: NE DEPTH TO BEDROCK: 1.2 ft HOLE LOGGED BY: P. Gardner
DATE MEASURED: 12/17/2017 REVIEWED BY: C. Beyer
2 % LABORATORY DATA = =
Q w o >0 T o
=3 8|2 e | o £
T = 3
NOTES E12 8182 8 gle|T |5 |B.|el58] 8 |28 CLASSIFICATION AND
= ]
Blg e |5 2|5 |2(3|5|2|28(28(88] ¢ |25 PHYSICAL CONDITION
ar T o =) z|2 o)
o Q = ° N - < oo << <
g8 %1 =12 127(88153| & | 3
All measurements are from ground Qal 51%0 0.0 to 1.2 ft QUATERNARY ALLUVIUM (Qal)
level and reported in feet unless N - .
otherwise noted. i NR 0.0to 1.2 ft LEAN CLAY (CL): About 90% fines
with low plasticity, low toughness, medium dry
DRILLED BY: Upper Colorado Drill 1 strength and no dilatancy; about 10% fine sand;
Crew . | maximum size, fine sand; brown and dry; strong
DRILLER: B. Lane 5 20 974 |26 | 00 | 390|212 7.0 | cL | 1724122 reaction with HCI.
HELPER: C. Reynolds, D. Hunter _ 1.2t0 51.5 ft CRETACEOUS MANCOS SHALE
Km
PURPOSE: — 25/40 (km)
Preconstruction soil and bedrock | 100 1.2t0 19.8 ft CLAYSTONE: Light to dark brown
foundation investigations. color and dry. Laminated to thinly bedding.
1 Bedding planes near horizontal. Very soft (H7) to
DRILL EQUIPMENT: 10— 96.1 39 | 0.0 [389(238| 7.2 | CL |28/43/48 moderately soft (H5) and intensely weathered (W7).
CME Model 850 track mounted rotary 32 57| 7 CLSTN | Carbon blebs present. CaCOx in laminations.
drill rig 1 Friable and easily breaks on bedding planes.
: | 49/50 Slakes rapidly in water. Strong reaction with HCI.
DRILL METHOD: i 68 .
0.0 to 4.0: 4.25 inch HSA with pilot bit. ‘IJD%IQJHME\‘%SLUEEMFEEES' INFILLING
4.0 t0 20.0: 4.25 inch HSA and dry N o
- orm: 89.5(105| 00 | 349 173 | 65 | cL | 2034138 109907 5 3 1 CaCOx, gypsum
core system with SPT and California 15— - : g . E - 11.0 90° 5 3 1 CaCOx, gypsum
Sampling. _ 115 0° 4 1 1 CaCOx, FeOx, gypsum
20.0 to 51.5: HQ3 diamond core 60
drilling system with 5-foot-long split I 19.8 t0 21.6 ft SHALE: Light to dark gray color.
tube sample barrel. - Laminated to thinly bedded and fissile. Moderately
hard (H4) and moderately to slightly weathered
CASING RECORD: 1 (W4). CaCOx in laminations. Bedding planes near
None used. 20— 70 19/50 | 51594 | horizontal. Weak reaction with HCI.
- 69 | 38| 4 | 4 21610229 ft SHALE: Light to dark |
DRILLING MEDIUM: S e oot D Caric Ty Coor
0.0 t0 20.0: N - Laminated to thinly bedded and fissile. Moderately
V1o 200 None. 5 soft (H5) and slightly weathered (W3). FeOx
20.0t0 51.5: Water. - staining present. CaCOx nodules, stringers and in
- 100 | 14 | 57 laminations. Bedding planes near horizontal. Weak
DRILLING NOTES: reaction with HCI.
Auto Hammer set at constant RPM rate | 25—
of 20-40 blows per minute. | 22910 25.1 ft CLAYSTONE: Light to dark brown
Km | 100 0 color. Laminated to thinly bedded. Bedding planes
HOLE COMPLETION: . near horizontal. Very soft (H7) to moderately soft
Backfilled with bentonite. - (H5) and slightly weathered (W3). Carbon blebs
present. CaCOx in laminations. Friable and easily
SAMPLING: T 100 | 60 breaks on bedding planes. Grades to shale. Strong
4.0105.5 SPT 30— reaction with HCI.
6.5t07.5: Califomia (A,B) — 5 25.1t0 37.0 ft SHALE: Light to dark gray color.
9.0t010.5: SPT _ Laminated to thinly bedded and fissile. Moderately
11.5t0 12.5: California (A,B) soft (H5) and slightly weathered (W3). Carbon
14.0t0 15.5: SPT — blebs present. CaCOx in laminations. Bedding
19.0 to 20.0: California (A,B) _| 100 | 10 planes near horizontal. Claystone interbeds.
20.1t0 20.7: HQ3 Core (A) Sandstone interbeds between 35.0 to 37.1 ft. No to
37.0 t0 40.3: Bag 35— weak reaction with HCI.
47.510 48.5: HQ3 Core (B) - 3 SHALE )
37.0t0 40.3 ft CLAYSTONE: Light to dark brown
1 color and sandy. Laminated to thinly bedded.
- Bedding planes near horizontal. Very soft (H7) to
! : . . ) . L moderately soft (H5) and slightly weathered
T 100 | 18 67013301 00 1273|120 4.2 |s(CL) (W3). Carbon blebs present. CaCOx in
40— laminations. Friable and easily breaks on
bedding planes. Grades to shale. Shale and
. sandstone interbeds. Strong reaction with HCI.
N 40.3to 51.5 ft SHALE: Light to dark gray color and
. sandy. Laminated to thinly bedded and fissile. Very
- 100 | 45 soft (H7) to moderately soft (H5) and slightly
57 weathered (W3). Carbon blebs present. CaCOx in
45— laminations. Bedding planes near horizontal.
- Claystone interbed intervals from 45.4 to 46.6 and
48.8 to 50.8 feet. No to weak reaction with HCI.
- STRATIGRAPHY:
I 100 | 35 0.0 to 1.2 ft QUATERNARY ALLUVIUM (Qal)
50— 1.2 to 51.5 ft CRETACEOUS MANCOS SHALE
(Km)
. 5127.7
BOTTOM OF HOLE
COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."

SHEET 1 OF 1 |DRILL HOLE DHWTP3-17-7




G16

FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Site Investigation

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-17-8

PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,074,515.0 E 2,498,924.4 N.M. State Plane

SHEET 1 OF 1
STATE: New Mexico

GROUND ELEVATION: 5192.7 ft NAVD 88

BEGUN: 12/18/17 FINISHED: 12/18/17 TOTAL DEPTH: 49.5ft ANGLE FROM HORIZONTAL: -90°
DEPTH AND ELEVATION OF WATER LEVEL: NE DEPTH TO BEDROCK: 1.3 ft HOLE LOGGED BY: P. Gardner
DATE MEASURED: 12/18/2017 REVIEWED BY: C. Beyer
2 % LABORATORY DATA = =
Q w o >0 T o
=3 8|2 e | o £
NOTES E o882 E|g|e|Y |2 |5lesl2d] S |38 CLASSIFICATION AND
= 4 4 Q w b4 4 o [ [
Blg e |5 2|5 |2(3|5|2|28(28(88] ¢ |25 PHYSICAL CONDITION
3 T (O] = zZ| 2 [e)
o] Q B s | = - < o0 |<< <
g8 %1 =12 127(88153| & | 3
All measurements are from ground Qal st 0.0 to 1.3 ft QUATERNARY ALLUVIUM (Qal)
level and reported in feet unless 7 51914 )
otherwise noted. | 0.0 to 1.3 ft LEAN CLAY (CL): About 90% fines
NR with medium plasticity, medium toughness, medium
DRILLED BY: Upper Colorado Drill — dry strength and no dilatancy; about 10% fine sand;
Crew : | maximum size, fine sand; brown and dry; strong
DRILLER: B. Lane reaction with HCI.
. 5—
HELPER: C. Reynolds, D. Hunter 32 90298 | 00 | 334|186 | 6.8 | CL | 16/45/50 1.3 to 49.5 ft CRETACEOUS MANCOS SHALE
1 Km|
PURPOSE: | (Km)
Preconstruction soil and bedrock 50/50 1.3t0 19.0 ft CLAYSTONE: Light to dark brown
foundation investigations. I 76 color and dry. Laminated to thinly bedded and
- bedding planes near horizontal. Very soft (H7) to
DRILL EQUIPMENT: moderately soft (H5) and intensely weathered (W7).
CME Model 850 track mounted rotary 10— 5-7 7 |86.4|136| 0.0 |326|176| 6.1 | cL [11/50/NA| CLSTN | Carbon blebs present. CaCOx nodules, stringers
drill rig. _ 72 and in laminations. Friable and easily breaks on
bedding planes. Grades to shale. No to strong
. — reaction with HCI.
t? FéltIBL4N~|fFT4H%Dihch HSA with pilot bit 50150
: o . . n 60 19.0t0 21.9 ft SHALE: Light to dark gray color and
4.51029.9: 4.25inch HSA and dry - dry. Laminated to thinly bedded and fissile.
core system with SPT and California Moderately hard (H4) and slightly weathered (W3).
Sampling. ) o 15— 86.11139] 0.0 | 326|169 59 | cL |44/50NA FeOx staining present. Bedding planes near
29.9 to 44.5: 4.25 inch HSA with pilot | horizontal. No to weak reaction with HCI.
bit.
44.510 49.5: 4.25 inch HSA with dry n 68 21.91049.5 ft SHALE: Light to dark gray color and
core system. _ dry. Laminated to thinly bedded and fissile.
51737 Moderately soft (H5) and slightly weathered (W3).
CASING RECORD: — - CaCOx in laminations. Bedding planes near
: | horizontal. Easily separates on bedding planes.
None used. 20 4 S0/NA Claystone interbeds. No to weak reaction with HCI.
DRILLING MEDIUM: 7 .
JOINT MEASUREMENTS:
0.0t0 49.5: None. . 100 DEPTH INCL R T HL INFILLING
- 22.3 75° 4 2 3 CaCOx
DRILLING NOTES: 23.0 88° 4 2 3 CaCOx
Auto Hammer set at constant RPM rate 1 233 89° 4 2 3 CaCOx
of 20-40 blows per minute. 25— K NA 239 90° 4 2 3 CaCOx
m
HOLE COMPLETION: T STRATIGRAPHY:
Backfilled with bentonite. -
100 0.0to 1.3 ft QUATERNARY ALLUVIUM (Qal)
SAMPLING: — 0.9 to 49.5 ft CRETACEOUS MANCOS SHALE
45106.0: SPT - (Km)
7.0 to 8.0: California (B) 30— 00
9.5t0 11.0: SPT
10.0 to 20.0: Bulk —
12.0 to 13.0: California (A) |
14.5t016.0: SPT NR
19.5 to 20.5: California (NR) T
T 3 SHALE
35—
| 5
— NR
40—
— NR
45—
— 100
1 51432

BOTTOM OF HOLE

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."
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FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Road Crossing
BEGUN: 5/2/18 FINISHED: 5/3/18

DEPTH AND ELEVATION OF WATER LEVEL: NE

DATE MEASURED: 5/3/2018

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-18-9

PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,076,983.5 E 2,498,846.1 N.M. State Plane

TOTAL DEPTH: 39.0 ft

DEPTH TO BEDROCK: 2.1 ft

SHEET 1 OF 1

STATE: New Mexico

GROUND ELEVATION: 5185.7 ft NAVD 88
ANGLE FROM HORIZONTAL: -90°

HOLE LOGGED BY: P. Gardner
REVIEWED BY: C. Beyer

2 % LABORATORY DATA = >
Q w 0] >0 [l o
T E 5 % Z [ DO: [ t =
» o fa) w o = = | = < : <
NOTES E o i 9: z E a % g % Ex %E 58 o %8 CLASSIFICATION AND
o |8 W = P g % s = a ﬁ% EE 8@ g %’g PHYSICAL CONDITION
a T |3 (22|2 3
o] Q = s | = - < o0 |<< <
g8 %1 =12 127(88153| & | 3
All measurements are from ground 4/4 0.0 to 2.1 ft QUATERNARY ALLUVIUM (Qal)
level and reported in feet unless — Qal s(CL)
otherwise noted. 0.0to 2.1 ft SANDY LEAN CLAY s(CL): About
- NR 5183.6 60% fines with low plasticity, low toughness,
DRILLED BY: Upper Colorado Drill medium dry strength and no dilatancy; about 40%
Crew ! — fine to coarse, hard, subrounded sand; maximum
DRILLER: B. L size, coarse sand; brown and dry; CaCOx stringers
HELPER'. B ‘K:rr:;/gon B. Samuels — present, strong reaction with HCI.
5— 938162 | 00 |37.7)1207 | 135 CL | 19/45/50 2.1 to 39.0 ft CRETACEOUS MANCOS SHALE
PURPOSE: 93 57| 7 CLSTN | (Km)
Preconstruction soil and bedrock -
investigations for trenchless 2.1t08.7 ft CLAYSTONE: Light to dark brown
construction methods. — 48/50 color. Laminated to thinly bedded and bedding
100 planes near horizontal. Very soft (H7) to moderately
DRILL EQUIPMENT: — soft (H5) and intensely weathered (W7). Carbon
CME Model 85 truck mounted rotary 5177.0 | blebs present. CaCOx nodules, stringers and in
drill ri — laminations. Friable and easily breaks on bedding
9- 5 SHALE | Planes. Grades to shale. Strong reaction with HCI.
. 10— NR
DRILL METHOD: 51752 .Y
- | U . 8.7 t0 10.5 ft SHALE: Light to dark gray color.
0.0t04.0: 4.25 inch HSA with pilot bit. — Laminated to thinly bedded and fissile. Moderately
4-0:0 8-75th4-s2§ Tlnchd"éS/l’ffand_ dry core soft (H5) and slightly weathered (W3). Bedding
system wi and California - i i i
S);mpling. 1 844|128 28 | 344|181 63 | cL | 7725025 ﬂé?es near horizontal. No to weak reaction with
8.7 t0 11.5: 4.25 inch HSA with pilot . 00
bit. 10.5t022.8 ft CLAYSTONE: Light to dark brown
11.5 t0 30.0: 4.25 inch HSA and dry T color. Laminated to thinly bedded and bedding
core system with SPT and California 50/38 planes near horizontal. Very soft (H7) to moderately
Sampling 15— 88 soft (H5) and intensely weathered (W7). Carbon
30.0 to 39' 0: 4.25 inch HSA with d blebs present. CaCOx nodules, stringers and in
coée s ste.m. i Y — laminations. FeOx present. Friable and easily
4 : 5-7 729|274 ] 00 | 302 | 151 56 |(cLy CLSTN | breaks on bedding planes. Shale interbeds. Strong
CASING RECORD: 39/50/NA reaction with HCI.
None used. - 100 JOINT MEASUREMENTS:
DEPTH INCL R T HL INFILLING
DRILLING MEDIUM: — 17.0 60° 4 2 6 CaCOx
0.0 to 39.0: None. 35/NA 18.0 72° 4 3 6 CaCOx
20— 18.1 83° 4 3 6 CaCOx
DRILLING NOTES: Km NA 28:2; 53“ 4 g g gaggx
Auto Hammer set at constant RPM rate 7 : 78° 4 aCOx
of 20-40 blows per minute. 94 205 90° 4 2 6  CaCOx
— 20.9 90° 4 2 6 CaCOx
. 51629 | 21.2 56° 4 3 6 CaCOx
L L TION. - 218 78 4 3 6 CaCOx
ackfilled with bentonite. 3 22 90° 4 2 6 CaCOx
SAMPLING: 22.8t0 39.0 ft SHALE: Light to dark gray color.
0.0t010.0: Bulk 25— NA | NA | NA | NA | NA | NA | NA |40/NAINA Laminated to thinly bedded and fissile. Moderately
0.0 to 1.0: California (A,B) soft (H5) and slightly weathered (W3). Bedding
4.0t05.5: SPT T planes near horizontal. FeOx staining. No to weak
6.5to 7.5: California (A,B) 28 reaction with HCI.
11.5t0 13.0: SPT N
14.0 to 15.0: California (A,B) | STRATIGRAPHY:
18'8 tg ;g'g: (S;';ﬂ-fomi a (NR) 0.0 to 2.1 ft QUATERNARY ALLUVIUM (Qal)
24.0t0 25.5- SPT (NR) n 5INA 2.1t0 39.0 ft CRETACEOUS MANCOS SHALE
29.0 to 30.0: California (NR) 30— (Km)
— 5 SHALE
100
35—
66
5146.7

BOTTOM OF HOLE

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."
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FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Road Crossing
BEGUN: 5/4/18 FINISHED: 5/9/18

GEOLOGIC LOG OF DRILL HOLE NO. DHWTP3-18-10
PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,077,383.1
TOTAL DEPTH: 40.0 ft

E 2,499,092.9 N.M. State Plane

STATE: New Mexico
GROUND ELEVATION: 5195.9 ft NAVD 88
ANGLE FROM HORIZONTAL:

SHEET 1 OF 1

-90°

DEPTH AND ELEVATION OF WATER LEVEL: NE DEPTH TO BEDROCK: 1.6 ft HOLE LOGGED BY: P. Gardner
DATE MEASURED: 5/9/2018 REVIEWED BY: C. Beyer
2 % LABORATORY DATA = =
Q w o >0 T o
=3 8|2 e | o £
NOTES E o882 E|g|e|Y |2 |5lesl2d] S |38 CLASSIFICATION AND
= [i4 3 [a] w |z J | O i i
Blg|u |58 |5 /2|35 |2|28|2L|85 2 |25 | PHYSICAL CONDITION
ar T o =) z|2 o)
o Q = ° N - < oo << <
g8 1% 1= |28137188153] 3 | 3
All measurements are from ground 33 F—2—] 0.0to 1.6 ft QUATERNARY ALLUVIUM (Qal)
level and reported in feet unless | Qal CL .
otherwise noted. 51943 | 0.0t0 0.3 ft SILTY SAND (SM): About 65% fine to
— NR coarse, hard, subrounded sand; about 35% fines
DRILLED BY: Upper Colorado Drill with no plasticity, low dry strength and rapid
Crew . — dilatancy; trace of fine, hard, subangular gravel;
DRILLER: B. L maximum size, 10mm; brown and dry; strong
: B. Lane i reaction with HCI.
HELPER: B. Kenyon, B. Samuels
5— 94.3|57 | 0.0 | 3891218 7.1 | CL | 24/48/50 0.3t01.6ft LEAN CLAY (CL): About 90% fines
. 100 A f L . '
PURPOSE: ) with medium plasticity, medium toughness, high dry
Preconstruction soil and bedrock — 5.7 7 CLSTN strength and no dilatancy; about 10% fine sand;
investigations for trenchless trace of fine to coarse, hard, subangular to
construction methods. ] 33/50 subrounded gravel; maximum size, 60mm; dark
40 brown, dry; CaCOx stringers and nodules present;
DRILL EQUIPMENT: 1 strong reaction with HCI.
gr'i\ﬂErig'"de' 85 truck mounted rotary T 1.6 to 40.0 ft CRETACEOUS MANCOS SHALE
’ 10— 64 98.5|1.5 | 0.0 | 441|278 | 75 | cL |21/32/42 (Km)
DRILL METHOD: T
- f - ) _ 51849 | 1.6to11.0ft CLAYSTONE: Light to dark brown
0.0t0 4.0: 4.25 inch HSA with pilot bit. 5 SHALE | color. Laminated to thinly bedded and bedding
4.0t0 11.2: 4.25inch HSA and dry | 51839 | planes near horizontal. Very soft (H7) to moderately
core system with SPT and California soft (H5) and intensely weathered (W7). CaCOx
Sampling. | NR laminations. FeOx staining. Friable and easily
11.2 to 14.0: 4.25 inch HSA with pilot breaks on bedding planes. Grades to shale. Strong
bit. - 5.7 CLSTN reaction with HCI.
14.0 to 21.9: 4.25 inch HSA and dry : 19/21 .
core system with SPT and California 15— 11.0t012.0 ft SHALE: Light to dark gray color.
Sampling. 80 Laminated to thinly bedded and fissile.” Moderately
21.9t0 33.5: 4.25 inch HSA with dry — 51706 | Soft (H5) and slightly weathered (W3). Bedding
core system, planes near horizontal. No to weak reaction with
3‘3.5 to 36.5: 4.25 inch HSA with pilot n 773 (219 | 0.8 | 31.8 | 14.7 | 4.8 |(CL)s | 37/44/50 HC.
bit. ) ) . 72 12.0t0 16.3 ft CLAYSTONE: Light to dark brown
36.5 t0 40.0: 4.25 inch HSA with dry color. Laminated to thinly bedded and bedding
core system. — planes near horizontal. Very soft (H7) to moderately
50/NA soft (H5) and intensely weathered (W7). Carbon
CASING RECORD: 20— 60 blebs present. CaCOx nodules, stringers and in
None used. Km NA laminations. FeOx present. Friable and easily
. breaks on bedding planes. Shale interbeds. Strong
DRILLING MEDIUM: reaction with HCI.
: n NA [NA | NA | NA | NA | NA | NA [18/NA/NA
0.0t040.0: None. 48 BINA/ 16.310 40.0 ft SHALE: Light to dark gray color.
. 1 Laminated to thinly bedded and fissile. Moderately
Rﬁg-ﬂgn?m"é?:;it constant RPM rate i soft (H5) and slightly weathered (W3). Bedding
: planes near horizontal. FeOx staining. Claystone
of 20-40 blows per minute. 25— interbeds. No to weak reaction with HCI.
HOLE COMPLETION: | 3 STRATIGRAPHY:
Backfilled with bentonite. 20
_| 0.0 to 1.6 ft QUATERNARY ALLUVIUM (Qal)
SAMPLING: 1.6 to 40.0 ft CRETACEOUS MANCOS SHALE
0.0 to 10.0: Bulk Sample - (Km)
0.0to 1.0: California (A,B) 5 SHALE
4.0t05.5: SPT —
6.5to 7.5: California (A,B)
9.0to 10.5: SPT 30—
14.0 to 15.0: California (A,B) |
16.5to 18.0: SPT 100
19.0 to 20.0: California (A) -
21.510 23.0: SPT (shale)
| NR
35— NR
7] 100
51559

40

Ei%

BOTTOM OF HOLE

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron oxide
CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN= claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition" column are based on Bureau of Reclamation Engineering Geology Field Manual
and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria for Rock.

Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."
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FEATURE: San Juan Lateral Water Treatment Plant

LOCATION: Terrace Investigation
BEGUN: 5/19/2018 FINISHED: 5/19/2018
DEPTH TO WATER & ELEVATION: NE

WATER DEPTH MEASURED ON: 5/19/2018

GEOLOGIC LOG OF DRILL HOLE NO. DH-18-1

PROJECT: Navajo Gallup Water Supply Project
COORDINATES: N 2,078,052.1 E 2,499,193.7 N.M. State Plane
TOTAL DEPTH: 49.0 ft

DEPTH TO BEDROCK:  14.5 ft

TOP OF CASING ELEVATION: NA

STATE: New Mexico

GROUND ELEVATION: 5246.2 ft NAVD 88
ANGLE FROM HORIZONTAL: -90 °
HOLE LOGGED BY: P. Gardner

REVIEWED BY: C. Beyer

SHEET 1 OF 1

% ENGINEERING PROPERTIES > =
(@] = — (@) o o
| o o | =z | U =
NOTES = 85 é L2 § 'g o| £ |3 8 g@ CLASSIFICATION AND
= L 2o c | < | O
812> | 2 85T |5 2| ¢ o * T PHYSICAL CONDITION
o < |Lto|f|lo|35| O & o}
- = o =N (&)
O
| . T
All measurements are - . — 0.0 to 14.5 ft Quaternary Terrace Gravel (Qtg)
from ground level and - p L1 0 NA —
reported in feet unless 1 LA [ 0.0to 16.5ft NO RECOVERY: Silt, sand, gravel, and cobbles;
otherwise noted. - .. ; - observation from cuttings using pilot bit; gravel and cobbles are
= . .- T hard and subrounded; brown to tan and dry; bottom of geologic unit
DRILLED BY: Upper 54 silt R . — determined by drilling action; strong reaction with HCI.
Colorado Dirill Crew — ) LA —
DRILLER: B. Lane 3 Qtg ggﬂl s @ @ 0 |NA T 14.5 to 49.0 ft Cretaceous Mancos Shale (Km)
HELPER: M. Matheson, B ' r
B. Samuels 3 Caggl ;. ) [ 14.5t029.6 ft CLAYSTONE: Light to dark brown and laminated to
7 obble o b — thinly bedded. Soft (H6) and intensely weathered (W7). FeOx and
PURPOSE: 10— ] L4 — CaCOx in laminations and friable. Easily separates on bedding
Preconstruction soil and J . .6 [ planes. Grades to shale. Weak to no reaction with HCI.
bedrock foundation N p - 0 | NA -
investigations. - LR . - 29.6t049.0 ft SHALE: Light to dark gray, sandy, fissile and
7 .. ; [~ laminated to thinly bedded. Moderately soft (H5) and moderately
DRILL EQUIPMENT: -1 5231.7 N — weathered (W5). CaCOx and gypsum in bedding planes and joints.
CME Model 85 truck 15— 0 | na [ FeOx staining present. Bedding planes near horizontal. Strong
mounted rotary drill rig. 7 |— r reaction with HCI.
DRILL METHOD: 3 40150~ — | - JOINT MEASUREMENTS:
0.0t0 16.5: 4.25inch - 7 -] 84] 0 — DEPTH INCL R T HL  INFILLING
HSA with pilot bit. 1 [— F [ 30.8 18° 4 3 6 Gypsum, CaCOx.
16.5t0 35.0: 4.25inch 203 35/49| — 4 r 315 85° 4 2 5 Gypsum, CaCOx.
HSA with dry core system B 7 [— 9% 0 - 317 74° 4 2 5 Gypsum, CaCOx.
and California Sampling. J — [ 329 84° 4 2 5 Gypsum, CaCOx.
35.0t049.0: 4.25inch . CLSTN 6 | 7 2947 | — 348 90° 4 3 6 Gypsum, CaCOx.
HSA with dry core system. 4 7 - —| 8|0 [ 351 88 4 2 5 Gypsum, CaCOx.
2 - — r 34 89 425 CaCOx.
CASING RECORD: - 45/50| — " 362 87° 4 35 CaCOx.
None used. 25— 7 11— 92| 0 368 87° 425 CaCOx.
- — —373 74 4 25 CaCOx.
DRILLING MEDIUM: 3 41/50] — | [ 378 16° 4 2 5 CaCOx.
0.0 t0 49.0: None. i 8 T T1_—-1100| O C igg Zg" 2 g g 8a88x.
— - — + 40. ° aCOx.
DRILLING NOTES: 7 3150 — [ 406 86° 4 2 5 CaCOx.
Auto Hammer set at 30— I —412 55° 4 2 5 Gypsum,CaCOx.
constant RPM rate of — —425 52° 4 2 5 CaCOx.
20-40 blows per minute. J Km 8 86 | 0 435 90° 4 2 5 CaCOx.
. - 45.4 3° 4 3 6 Gypsum,CaCOx.
HOLE COMPLETION: 7 [ 461 56° 4 2 5 Gypsum,CaCOx.
Backfilled with bentonite. - — SONA —468 90° 4 2 5 CaCOx.
35— —471 84° 4 2 5 CaCOx.
SAMPLING: 1 [ 484 41° 4 2 5 CaCOx.
16.5 to 17.5: California — 7 100| O -
(A,B) 7 [ STRATIGRAPHY:
19.0 to 20.0: California 7 i
(A,B) - SHALE—15 | 5 — 0.0 to 14.5 ft QUATERNARY TERRACE GRAVEL (Qtg)
21.51t0 22.5: California 40— [ 14.5 to 49.0 ft CRETACEOUS MANCOS SHALE (Km)
(AB) 3 r
24.0 to 25.0: California 4 8 100| 0 C
(AB) 2 n
26.5 to 27.5: California — —
(A,B) J [— C
29.0 t0 30.0: California 45— o
(A,B) i C
34.0 to 35.0: California ] -
(NR) 3 8 100| O C
4 5197.2 o
BOTTOM OF HOLE
COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron
oxide CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN=

claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition” column are based on Bureau of Reclamation Engineering Geology Field
Manual and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria
for Rock. Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."

| SHEET 1 OF 1

DRILL HOLE DH-18-1
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GEOLOGIC LOG OF DRILL HOLE NO. DH-18-2 SHEET 1 OF 1
FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project STATE: New Mexico
LOCATION: Terrace Investigation COORDINATES: N 2,078,348.2 E 2,499,362.1 N.M. State Plane GROUND ELEVATION: 5247.3 ft NAVD 88
BEGUN: 5/20/2018 FINISHED: 5/21/2018 TOTAL DEPTH: 50.0 ft ANGLE FROM HORIZONTAL: -90 °
DEPTH TO WATER & ELEVATION: NE DEPTH TO BEDROCK: ~ 18.0 ft HOLE LOGGED BY: P. Gardner
WATER DEPTH MEASURED ON: 5/21/2018 TOP OF CASING ELEVATION: NA REVIEWED BY: C. Beyer
% ENGINEERING PROPERTIES > =
|5 £ ola| g & 8
NOTES |E 85| % 228/ /5 & § g4t CLASSIFICATION AND
L 52 £ | < | O
812> | 2 85T |5 2| ¢ o * T PHYSICAL CONDITION
o < |Lojflo| 3| © o
il = o X [&]
O
- ) .
All measurements are 7 . — 0.0 to 18.0 ft Quaternary Terrace Gravel (Qtg)
from ground level and — p - —
reported in feet unless - o . [ 0.0to 19.0 ft NO RECOVERY: Silt, sand, gravel, and cobbles;
otherwise noted. 7 g r observation from cuttings using pilot bit; gravel and cobbles are
- . + hard and subrounded; brown to tan and dry; bottom of geologic unit
DRILLED BY: Upper 5 R [ determined by drill action; strong reaction with HCI.
Colorado Dirill Crew - LA —
DRILLER: B. Lane - ) 9. - 18.0 to 50.0 ft Cretaceous Mancos Shale (Km)
HELPER: M. Matheson, E Silt, A F
B. Samuels = gand,l Y — 18.0t034.3 ft CLAYSTONE: Light to dark brown and laminated to
1 Qig ra\ée L/ [ thinly bedded. Bedding planes near horizontal. Very soft (H7) to
PURPOSE: 10— Cagbl g — moderately soft (H5) and intensely weathered (W7). FeOx and
Preconstruction soil and = obble . — CaCOx in laminations and friable. Easily separates on bedding
bedrock foundation J p - [ planes. Grades to shale. Weak to no reaction with HCI.
investigations. 7 LA C
5 o + JOINT MEASUREMENTS:
DRILL EQUIPMENT: 7 . [ DEPTH INCL R T HL INFILLING
CME Model 85 truck 15— R —245 75° 3 3 5 Gypsum, CaCOx.
mounted rotary drill rig. — o | — 251 86° 4 2 5 Gypsum, CaCOx.
3 . [ 2564 19° 4 2 6 CaCOx.
DRILL METHOD: - 5229.3 A - 282 86° 3 2 5 Gypsum, CaCOx.
0.0to 19.0: 4.25inch N - [ 304 44° 4 3 6 Gypsum, CaCOx.
HSA with pilot bit. _ ] bonal— 1 | 311 87° 4 3 5 Gypsum, CaCOx.
19.0 to 25.0: 4.25inch 20— 7 ——— 100 —314 88 4 3 5 Gypsum, CaCOx.
HSA with dry core system - — | 319 78 4 3 5 Gypsum, CaCOx.
and California Sampling. J ] Bona | r 321 69° 4 2 5 Gypsum, CaCOx.
Moved drill hole 4 ft south . 9 —+ —1]100 330 90° 4 25 CaCOx.
0.0 t0 24.0.0: 4.25 inch 7 iy C
HSA with pilot bit. 7 ] lsozol- —1 | — 34.3t050.0 ft SHALE: Light to dark gray, sandy, fissile and
24.0t0 27.5: 4.25inch 25— 9 11— 1100 — laminated to thinly bedded. Light to dark brown claystone
HSA with dry core system J CLSTN 57| 7 [— [ interbeds. Moderately soft (H5) and moderately weathered (W5).
and California Sampling. = — oAl — - r Hard (H3) below 48.6 feet. CaCOx and gypsum in bedding planes
27.5t0 50.0: HQ3 - — — + and joints. FeOx staining present. Bedding planes near horizontal.
diamond core drilling _ 7 | 100 67 [~ Strong reaction with HCI.
system with 5-foot-long - iy —
split tube sample barrel. 30— |l— — JOINT MEASUREMENTS:
| —  DEPTH INCL R T HL INFILLING
DRILLING MEDIUM: 5 | - 366 90° 4 2 5 Gypsum, CaCOx.
0.0 to 26.5: None. . 6 - —100) 58 =392 59 1 2 5 Gypsum, CaCOx.
26.5t0 50.0: Water. 7 - — — 405 63° 4 3 5 Gypsum, CaCOx.
-4 Km [ —413 90° 4 2 5 Gypsum, CaCOx.
DRILLING NOTES: 35— [ 416 68 4 2 3 Gypsum, CaCOx.
Auto Hammer set at = - 420 88 3 2 5 Gypsum, CaCOx.
constant RPM rate of - + 422 67° 4 2 5 Gypsum, CaCOx.
20-40 blows per minute. . 5 100 | 64 T 427 73° 4 3 5 Gypsum, CaCOXx.
- —437 70° 4 3 5 Gypsum.
HOLE COMPLETION: - 456 59° 4 2 5 Gypsum, CaCOx.
Backfilled with bentonite. 404 | [ 471 84° 4 2 5 Gypsum, CaCOx.
A - 473 28° 4 2 5 Gypsum, CaCOx.
SAMPLING: N 5 [ 480 86° 4 3 5 Gypsum, CaCOx.
19.0 to 20.0: California - SHALE | 6 5 100 | 64 —
(A,B) - — STRATIGRAPHY:
21.5t0 22.5: California 1 C
(A) 457 ] 0.0 to 18.0 ft QUATERNARY TERRACE GRAVEL (Qtg)
24.0 to 25.0: California B + 18.0 to 50.0 ft CRETACEOUS MANCOS SHALE (Km)
(AB) 4 7 90 | 82 o
26.5 to 27.5: California = —
(NR) = —
35.6 to 36.3: HQ3 core 3 [ — C
(A) cn ] 5197.3 5] 3 100| 70 -
36.5 to 37.0: HQ3 core i BOTTOM OF HOLE

(B
37.3t0 37.9: HQ3 core

(C)
49.0 to 49.7: HQ3 core
(D)

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron
oxide CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN=
claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition” column are based on Bureau of Reclamation Engineering Geology Field
Manual and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria
for Rock. Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities.” | SHEET 1 OF 1 | DRILL HOLE DH-18-2
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GEOLOGIC LOG OF DRILL HOLE NO. DH-18-3

FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project

LOCATION: Terrace Investigation

BEGUN: 5/22/2018 FINISHED: 5/23/2018
DEPTH TO WATER & ELEVATION: NE
WATER DEPTH MEASURED ON: 5/22/2018

COORDINATES: N 2,078,427.2 E 2,500,443.8 N.M. State Plane
TOTAL DEPTH: 50.5 ft

DEPTH TO BEDROCK: 8.4 ft

TOP OF CASING ELEVATION: NA

SHEET 1 OF 1

STATE: New Mexico

GROUND ELEVATION: 5245.9 ft NAVD 88
ANGLE FROM HORIZONTAL: -90 °

HOLE LOGGED BY: P. Gardner
REVIEWED BY: C. Beyer

% ENGINEERING PROPERTIES > =
|5 £ ola| g & 8
NOTES |E 85| % 228/ /5 & § g4t CLASSIFICATION AND
L 52 £ | < | O
2185 5 858 £% 2 g ¢ %L PHYSICAL CONDITION
o g we |2 8 < 8
@) o °
- ) -
All measurements are 7 . — 0.0 to 8.4 ft Quaternary Terrace Gravel (Qtg)
from ground level and — , p . —
reported in feet unless | Silt, ® ¥ [ 0.0t0 9.0 ft NO RECOVERY: Silt, sand, gravel, and cobbles;
otherwise noted. 7 Sand, g I observation from cuttings using pilot bit; gravel and cobbles are
1 Qtg | Gravel ol + hard to very hard and round to subrounded; some flat and
DRILLED BY: Upper 57 and R [ elongated particles; bottom of geologic unit determined by drilling
Colorado Drill Crew 7 Cobble LA — action; brown to tan and dry; strong reaction with HCI.
DRILLER: B. Lane — 9 —
HELPER: B. Samuels 1 52375 N [ 8.4 to 50.5 ft Cretaceous Mancos Shale (Km)
PURPOSE: - 39/50) — + 8.4t050.5ft CLAYSTONE: Light to dark brown and laminated to
Preconstruction soil and 10— 9 |28 [ thinly bedded. Very soft (H7) to moderately soft (H5) and intensely
bedrock foundation = - — — weathered (W7). FeOx and CaCOx in laminations and friable.
investigations. — 42/50— — +— Easily separates on bedding planes. Shale interbeds. Weak to no
3 9 [ 1= 7] 32 [ reaction with HCI.
DRILL EQUIPMENT: A |— C
CME Model 85 truck B 38/50 — — + JOINT MEASUREMENTS:
mounted rotary drill rig. 15— 9 _ 136 [ DEPTH INCL R T HL INFILLING
- | —200 70° 2 25 CaCOx.
DRILL METHOD: — 9 50/NA— —3113101 —252 20° 4 25 CaCOx.
0.0t0 9.0: 4.25 inch HSA b 9 I g 262 8° 425 CaCOx.
with pilot bit. = 6 T 100| 73 - 292 42° 4 2 5 CaCOx.
9.0t0 17.5: 4.25inch N — 1 [ 310 46° 4 3 5 CaCOx.
HSA with dry core system | 20— — —316 48 4 2 5 CaCOx.
and California Sampling. - | —323 29° 4 3 5 CaCOx.
17.5t0 50.5: HQ3 - - —] 346 90° 4 3 5 CaCOx.
diamond core drilling J 7 = —1100]| 80 [ 348 90° 4 3 5 CaCOx.
system with 5-foot-long = — - 363 50° 4 35 CaCOx.
split tube sample barrel. ] |— [ 368 62° 4 2 5 CaCOx.
25— — —380 90° 4 25 CaCOx.
CASING RECORD: . — —387 41° 4 25 CaCOx.
None used. - - | 406 81° 4 2 5 CaCOx.
| 6 ~ —1100| 30 [ 407 33 4 35 CaCOx.
DRILLING MEDIUM: 5 A— r 415 90° 4 3 5 Gypsum,CaCOx.
0.0 to 17.5: None. 31 Km CLSTN 57| 7 L= [ 418 89° 4 3 5 Gypsum,CaCOx.
17.5to 50.5: Water. 30— — —42.0 90° 4 3 5 Gypsum,CaCOx.
- [— - —422 63° 4 2 5 Gypsum,CaCOx.
DRILLING NOTES: 1 — | [ 427 90° 4 3 5 Gypsum,CaCOx.
Auto Hammer set at i 7 ~ 1100/ 60 429 74° 4 3 5 Gypsum,CaCOx.
constant RPM rate of - - — + 432 88° 4 3 5 Gypsum,CaCOx.
20-40 blows per minute. 35 _ L [ 442 87° 4 3 5 CaCOx.
HOLE COMPLETION: - — — STRATIGRAPHY:
Backfilled with bentonite. J — C
2 7 — 1100/ 90 0.0 to 8.4 ft QUATERNARY TERRACE GRAVEL (Qtg)
SAMPLING: - - — + 8.4 to 50.5 ft CRETACEOUS MANCOS SHALE (Km)
9.0 to 10.0: California _ I C
(AB) 40— (I I -
11.5t0 12.5: California — — —
(A,B) | [— - C
14.0 to 15.0: California . — r
(AB) - 7 |~ -/ 100| 58 -
16.5to 17.5: California . - C
(NR) 45 el -
— 7 | 7 96 | 52 -
50— 5195.4 I —
BOTTOM OF HOLE
COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron
oxide CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN=

claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition” column are based on Bureau of Reclamation Engineering Geology Field

Manual and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria

for Rock. Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."

|SHEET 1 OF 1 | DRILL HOLE DH-18-3
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GEOLOGIC LOG OF DRILL HOLE NO. DH-18-4 SHEET 1 OF 1
FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project STATE: New Mexico
LOCATION: Terrace Investigation COORDINATES: N 2,077,830.9 E 2,500,040.5 N.M. State Plane GROUND ELEVATION: 5245.8 ft NAVD 88
BEGUN: 5/31/2018 FINISHED: 5/31/2018 TOTAL DEPTH: 44.8 ft ANGLE FROM HORIZONTAL: -90 °
DEPTH TO WATER & ELEVATION: NE DEPTH TO BEDROCK:  13.8 ft HOLE LOGGED BY: C. Beyer
WATER DEPTH MEASURED ON: 5/31/2018 TOP OF CASING ELEVATION:  NA REVIEWED BY: P. Gardner
o 6 ENGINEERING PROPERTIES o E %
2 > a— ] S
I o | L =
NOTES = 85 é L2 § 'g o & 13 g g@ CLASSIFICATION AND
| [ 23 2 S| < | O
| < o
6| Q° | g 858 |8|2 ¢ |0 ¥|T3 PHYSICAL CONDITION
O < |Lojflo| 3| © o
= = ® o
O
All  measurements are . — 0.0t0 13.8 ft Quaternary Terrace Gravel (Qtg)
from ground level and 2 C
reported in feet unless - Silt, + 0.0to0 8.0 ft NO RECOVERY: Silt, sand, gravel, and cobbles; No
otherwise noted. 7 Sand [~ sample using pilot bit. Gravel and cobbles are hard and
= Gravel — subrounded. Dry, strong reaction with HCI. (Depths based on
DRILLED BY: Upper 5 and [_drilling action while pilot bit was in use)
Colorado Dirill Crew e Cobble -
DRILLER: B. Lane 7 [ 8.0to 11.5 ft: SILTY SAND (SM): About 85% fine sand; about
HELPER: C. McFadden, - th — 15%nonplastic fines with rapid dilatancy, and no dry strength;
B. Samuels 7 I trace medium to coarse sand; Maximum size, coarse sand; dry,
4 I light brown in color; strong reaction with HCI.
PURPOSE: 7 —
Preconstruction soil and 10— SM I—11.5t0 13.8 ft NO RECOVERY: Silt, sand, gravel, and cobbles;
bedrock foundation N  No sample using pilot bit. Gravel and cobbles are hard and
investigations. ] i [ subrounded. Dry, Strong reaction with HCI.
7 and, —
DRILL EQUIPMENT: 1 ézavel | 13.8 to 44.8 ft Cretaceous Mancos Shale (Km)
CME Model 85 truck 7 52320 | caPfle -
mounted rotary drill rig. ] [ 13.8t0 14.0 ft NO RECOVERY: Hard pan; calcite cemented sand
15— 0 — and gravel atop shale bedrock.
DRILL METHOD: _ r
0.0t09.0: 4.25inch HSA - — + 14.0. to 44.8 ft SHALE: Brownish gray, sandy, fissile,
with pilot bit. 7 SO/NA [ laminated to thinly bedded, moderately soft (H5), moderately to
9.0to 14.0: 4.25inch - 32 — intensely weathered (W6), slakes rapidly. Calcite, gypsum and
HSA with dry core 7 [ iron oxide along some bedding planes and fractures. Core often
system and California - 50/NA |- separates along bedding planes. Strong reaction with HCI.
Sampling. 14.0 to 16.5: 20— 92 — Becomes moderately hard (H4) below 31.0 ft. Core ground by
4.25 inch HSA with pilot - |- auger.
bit. . 50INA ] -
16.5t0 44.8: 4.25inch i 5 100 | NA I STRATIGRAPHY:
HSA with dry core 7 —
system and California - [ 0.0 to 13.8 ft QUATERNARY TERRACE GRAVEL (Qtg)
Sampling. 251 50/NA ~ 13.8 to 44.8 ft CRETACEOUS MANCOS SHALE (Km)
CASING RECORD: - -
None used. 1 96 C
DRILLING MEDIUM: ] r
0.0 to 44.8: None. 7 Km | SHALE | NA 6 lsoma -
DRILLING NOTES: Auto | 0] C
Hammer set at constant 7 I 100 n
RPM rate of 20-40 blows — —
per minute. 7 C
HOLE COMPLETION: - e — -
Backfilled with bentonite. 35— L
SAMPLING: 7 100 C
16.5to 17.5: California 7 -
(A) - 4 -
19.0 to 20.0: California I -
(A) L N 50/NA -
21.510 22.5: California 40— — —
5 Earni _ 100 —
24.0t0 25.0: California — -
(A, B) i o
29.0t0 30.0: California — —
A) - ] 100 C
34.0 to 35.0: California - 5201.0 =
(NR) BOTTOM OF HOLE
39.0 to 40.0: California
(NR)
COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron
oxide CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN=
claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition” column are based on Bureau of Reclamation Engineering Geology Field
Manual and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria
for Rock. Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities.” | SHEET 1 OF 1 | DRILL HOLE DH-18-4
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GEOLOGIC LOG OF DRILL HOLE NO. DH-18-5 SHEET 1 OF 1

PROJECT: Navajo Gallup Water Supply Project STATE: New Mexico
COORDINATES: N 2,078,070.3 E 2,499,866.7 N.M. State Plane GROUND ELEVATION: 5248.1 ft NAVD 88

FEATURE: San Juan Lateral Water Treatment Plant
LOCATION: Terrace Investigation

BEGUN: 6/3/2018 FINISHED: 6/3/2018 TOTAL DEPTH: 50.5 ft
DEPTH TO WATER & ELEVATION: NE DEPTH TO BEDROCK:
WATER DEPTH MEASURED ON: 6/3/2018

19.0 ft

TOP OF CASING ELEVATION: NA

ANGLE FROM HORIZONTAL: -90 °
HOLE LOGGED BY: C. Beyer
REVIEWED BY: P. Gardner

ENGINEERING PROPERTIES

NOTES

DEPTH
GEOLOGIC
UNIT
Fracture
Density
Hardness
Weathering
Blows/0.5 Ft
GRAPHIC

CLASSIFICATION

% RECOVERY

RQD

HOLE
COMPLETION

CLASSIFICATION AND
PHYSICAL CONDITION

All measurements are
from ground level and
reported in feet unless
otherwise noted.

DRILLED BY: Upper 5
Colorado Drill Crew
DRILLER: B. Lane
HELPER: C. McFadden,
B. Samuels

Silt,
Sand,

o

Qtg | Gravel
and
Cobble

PURPOSE: 10
Preconstruction soil and
bedrock foundation
investigations.

DRILL EQUIPMENT:
CME Model 85 truck 15

67

mounted rotary drill rig.

DRILL METHOD:
0.0 to 14.0: 4.25inch

5229.1

30

HSA with pilot bit.

N
o
|

14.0 to 50.5: HQ3

diamond core drilling

system with 5-foot-long

split tube sample barrel.

80

CASING RECORD:

N
[$}]

None used.

80

DRILLING MEDIUM:

0.0 to 14.0: None.

100

14.0 to 50.5: Water.

w
o

DRILLING NOTES:

78

14.0 to 25.5: Slow drilling

due to clay causing bit to

NA

plug.

100

HOLE COMPLETION:

Km | SHALE 6

w
(3]

Backfilled with bentonite.

92

SAMPLING:

20.9to 21.6: HQ3 Core

100

23.7 to 24.3: HQ3 Core

24.6 t0 25.3: HQ3 Core

N
o

26.2 t0 26.8: HQ3 Core

92

32.7 to 33.2: HQ3 Core

33.2t0 33.7: HQ3 Core

33.7 to 34.4: HQ3 Core

100

34.4 to 35.0: HQ3 Core

35.9to 36.5: HQ3 Core

90

IS
o

37.5t0 38.0: HQ3 Core

45.2 to 45.6: HQ3 Core

45.6 to 46.3: HQ3 Core

100

47.9 to 48.4: HQ3 Core

68

[$))
o

5197.6

100

56

5 0.0 to 19.0 ft Quaternary Terrace Gravel (Qtg)

[ 0.0to 19.0 ft NO RECOVERY: Silt, sand, gravel, and cobbles; No
sample using pilot bit. Gravel and cobbles are hard and
subrounded. Dry, strong reaction with HCI.

19.0 to 50.5 ft Cretaceous Mancos Shale (Km)

19.0t0 50.5 ft SHALE: Brownish gray, sandy, fissile, laminated
to thinly bedded, moderately soft (H5), moderately to intensely
weathered (W6), slakes rapidly. Calcite, gypsum and iron oxide
along some bedding planes and fractures. Core often separates
along bedding planes. Strong reaction with HCI. Hard (H3)
concretionary bed from 26.0 to 26.3 ft.

JOINT MEASUREMENTS:

DEPTH INCL R T HL  INFILLING
274 55° 5 3 3 Gypsum, Calcite.
295 90° 5 3 3 Gypsum, Calcite.
438 90° 5 3 3 Trona, Calcite, Clay.

STRATIGRAPHY:

0.0 to 19.0 ft QUATERNARY TERRACE GRAVEL (Qtg)
19.0 to 50.5 ft CRETACEOUS MANCOS SHALE (Km)

BOTTOM OF HOLE

COMMENTS:

HSA= hollow stem auger NA= not available ft=feet NE= not encountered NP= non plastic NR= no recovery HCI= hydrochloric acid FeOx= iron
oxide CaCOx= calcium carbonate MnOx= manganese oxide SPT= standard penetration test HQ3= coring system SS= sandstone CLSTN=

claystone

All angles measured from core axis at zero degrees unless otherwise noted.

The data for the center column and "classification and physical condition” column are based on Bureau of Reclamation Engineering Geology Field
Manual and drawings titled Geology for Designs and Specifications as follows "Drawing No. 40-D-6493 Standard Descriptors and Descriptive Criteria
for Rock. Drawing No. 40-D-6499 Standard Descriptors and Descriptive Criteria for Discontinuities."

|SHEET 1 OF 1 | DRILL HOLE DH-18-5
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7-1336-A (1-86
Bureau of(RecI;mation LOG OF TEST PIT NO. TPWTP3'1 8'1 SHEET 1 OF 1
FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project
LOCATION: Site Investigation GROUND ELEVATION: 5179.70
COORDINATES: N 2,076,253 E 2,498,891 METHOD OF EXPLORATION: Case 580N Rubber Tire Backhoe
APPROXIMATE DIMENSIONS: 2x12x6 LOGGED BY: P. Gardner
DEPTH TO WATER: NE DATE: 2/21/2018 DATE EXCAVATED: 2/21/2018
% PLUS 3in
z CLASSIFICATION CLASSIFICATION AND DESCRIPTION OF MATERIAL (BY VOLUME)
& GROUP 3-| 5- |PLUS
e SYMBOL (SEE USBR 5000, 5005) 5 12 | 12
in in in
CL 0.0 to 1.5 ft LEAN CLAY : About 90% fines with medium plasticity, medium

1.5 ft (5178.2)

toughness, medium dry strength and no dilatancy; about 10%
predominantly fine sand; maximum size, coarse sand; strong reaction with
HCI.

IN-PLACE CONDITION: Dark to light brown and dry, homogeneous and
hard.

GEOLOGIC INTERPRETATION: Quaternary Alluvium (Qal)

CLSTN

| 2.8 ft (5176.9)

1.510 2.8 ft CLAYSTONE: Light to dark brown and laminated to thinly
bedded. Very soft (H7), intensely weathered (W7) and friable. Grades to
shale. Carbon blebs and roots present. CaCOx nodules, stringers and in
laminations. Strong reaction with HCI.

GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)

SHALE

6.0 ft (5173.7)

2.810 6.0 ft SHALE: Light to dark gray and laminated to thinly bedded.
Moderately soft (H5), intensely weathered (W7) and fissile. Carbon blebs
and claystone laminations. FeOx staining present. Weak reaction with
HCI. Recovered as flat, angular, 1 to 10 inch particles.

GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)

COMMENTS: Surface vegetation consists of grasses and weeds. Discontinued excavation at 6.0 feet due to
refusal on bedrock.
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Bt of Reamation LOG OF TEST PIT NO. TPWTP3-18-2 SHEET 1 OF 1
FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project
LOCATION: Site Investigation GROUND ELEVATION: 5170.59
COORDINATES: N 2,076,486 E 2,497,931 METHOD OF EXPLORATION: Case 580N Rubber Tire Backhoe
APPROXIMATE DIMENSIONS: 2x12x7 LOGGED BY: P. Gardner
DEPTH TOWATER: NE DATE: 2/21/2018 DATE EXCAVATED: 2/21/2018
% PLUS 3 in
z CLASSIFICATION CLASSIFICATION AND DESCRIPTION OF MATERIAL (BY VOLUME)
& GROUP 3-| 5- |PLUS
a SYMBOL (SEE USBR 5000, 5005) 5 112 | 12
in in in
i CL 0.0 to 2.5 ft LEAN CLAY : About 90% fines with low plasticity, low
(visual) toughness, medium dry strength and no dilatancy; about 10% fine sand;
7 s(CL) trace of fine, hard subangular gravel; maximum size, 20 mm; strong
1 (lab class) reaction with HCI.
! In-place IN-PLACE CONDITION: Brown and dry, homogeneous and hard.
1 density taken
at 0.5 feet. IN-PLACE UNIT WEIGHT AND MOISTURE FROM 0.5 ft.

7 —

2.5 ft (5168.1)

CLSTN

16.4 ft (5164.2)

Total: 94.3 Ibf/ft3, 3.8% (78.2% compaction)

LAB TEST DATA: 65.6% fines, 33.3% sand, 1.1% gravel LL=20.2 PI=8.3
SPG=2.70

Maximum dry density: 120.6 Ibf/ft®, optimum water content=12.2 %
Laboratory classification is SANDY LEAN CLAY.

GEOLOGIC INTERPRETATION: Quaternary Alluvium (Qal)

2.5106.4 ft CLAYSTONE: Light to dark brown and laminated to thinly
bedded. Very soft (H7), intensely weathered (W7) and friable. Grades to
shale. Carbon blebs, FeOx staining and roots present. CaCOx nodules,
stringers and in laminations. Strong reaction with HCI.

GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)

SHALE

| 7.3t (5163.3)

6.4 to 7.3 ft SHALE: Light to dark gray and laminated to thinly bedded.
Moderately soft (H5), moderately weathered (W5) and fissile. Carbon blebs
and claystone laminations. FeOx staining present. CaCOx nodules,
stringers and in laminations. Weak reaction with HCI. Recovered as flat,

angular, 1 to 8 inch particles.

GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)

COMMENTS: Surface vegetation consists of grasses and weeds. Discontinued excavation at 7.3 feet due to
refusal on bedrock.
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7-1336-A (1-86
Bureau of(RecI;mation LOG OF TEST PIT NO. TPWTP3'1 8'3 SHEET 1 OF 1
FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project
LOCATION: Site Investigation GROUND ELEVATION: 5174.51
COORDINATES: N 2,075,345 E 2,497,592 METHOD OF EXPLORATION: Case 580N Rubber Tire Backhoe
APPROXIMATE DIMENSIONS: 2x12x7 LOGGED BY: P. Gardner
DEPTH TO WATER: NE DATE: 2/22/2018 DATE EXCAVATED: 2/22/2018
% PLUS 3in
z CLASSIFICATION CLASSIFICATION AND DESCRIPTION OF MATERIAL (BY VOLUME)
& GROUP 3-| 5- |PLUS
e SYMBOL (SEE USBR 5000, 5005) 5 12 | 12
in in in
CL 0.0 to 2.5 ft LEAN CLAY : About 95% fines with low plasticity, low

1.0 ft (5173.5)
CLSTN

3.0 ft (5171.5)

toughness, medium dry strength and no dilatancy; about 5% fine sand;
maximum size, fine sand; strong reaction with HCI.

IN-PLACE CONDITION: Brown and dry, homogeneous and hard.

GEOLOGIC INTERPRETATION: Quaternary Alluvium (Qal)

2.5106.4 ft CLAYSTONE: Light to dark brown and laminated to thinly
bedded. Very soft (H7), intensely weathered (W7) and friable. Grades to
shale. Carbon blebs, FeOx staining and roots present. CaCOx nodules,
stringers and in laminations. Strong reaction with HCI.

GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)

SHALE

1 Corrosion
sample taken
°7  at6.0ft

| 6.8t (5167.7)

6.4 to 6.8 ft SHALE: Light to dark gray and laminated to thinly bedded.
Moderately soft (H5), moderately weathered (W5) and fissile. Carbon blebs
and claystone laminations. FeOx staining present. CaCOx nodules,
stringers and in laminations. Weak reaction with HCI. Recovered as flat,
angular, 1 to 6 inch particles.

Corrosion sample taken at 6.0 ft.

GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)

COMMENTS: Surface vegetation consists of grasses and weeds. Discontinued excavation at 6.8 feet due to
refusal on bedrock.
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Bureau of Reclamaton LOG OF TEST PIT NO. TPWTP3-18-4 SHEET 1 OF 1
FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project
LOCATION: Site Investigation GROUND ELEVATION: 5182.87
COORDINATES: N 2,075,073 E 2,498,588 METHOD OF EXPLORATION: Case 580N Rubber Tire Backhoe
APPROXIMATE DIMENSIONS: 2x12x7 LOGGED BY: P. Gardner
DEPTH TO WATER: NE DATE: 2/21/2018 DATE EXCAVATED: 2/21/2018
% PLUS 3 in
z CLASSIFICATION CLASSIFICATION AND DESCRIPTION OF MATERIAL (BY VOLUME)
& GROUP 3-| 5- |PLUS
e SYMBOL (SEE USBR 5000, 5005) 5 12| 12
in in in
) CL 0.0 to 0.9 ft LEAN CLAY : About 95% fines with medium plasticity, medium
toughness, medium dry strength and no dilatancy; about 5% fine sand;
- maximum size, fine sand; strong reaction with HCI.
10.9 ft (5182.0) IN-PLACE CONDITION: Light to dark brown and dry, homogeneous and
i hard.
"1 CLSTN ar
] CL GEOLOGIC INTERPRETATION: Quaternary Alluvium (Qal)
(lab class) 0.9to 5.5 ft CLAYSTONE: Light to dark brown and laminated to thinly
bedded. Very soft (H7), intensely weathered (W7) and friable. Grades to
. shale. Carbon blebs and roots present. CaCOx nodules, stringers and in
. laminations. Strong reaction with HCI.
_ IN-PLACE UNIT WEIGHT AND MOISTURE FROM 1.5 ft.
Total: 102.3 Ibf/ft?, 9.2% (88.8% compaction)
T LAB TEST DATA: 97.6% fines, 2.4% sand LL=36.9 Pl=19.9 SPG=2.80
i Maximum dry density: 115.2 Ibf/ft®, optimum water content= 15.4 %
Laboratory classification is LEAN CLAY.
3 -
| deg;i?ﬁgien GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)
at 1.5 feet.
4 —]
5 —]
5.5t (56177.4)
SHALE 5.5t0 6.6 ft SHALE: Light to dark gray and laminated to thinly bedded.
Corrosion Moderately soft (H5), moderately weathered (W5) and fissile. Carbon blebs
6 — and claystone laminations. FeOx staining present. CaCOx nodules,
sample taken . g o . X
| at6.0ft stringers and in Iamlnatl_ons. Weak reaction with HCI. Recovered as flat,
angular, 1 to 8 inch particles.
- 6.6 ft (5176.3) .
Corrosion sample taken at 6.0 ft.
GEOLOGIC INTERPRETATION: Cretaceous Mancos Shale (Km)

COMMENTS: Surface vegetation consists of grasses and weeds. Discontinued excavation at 6.6 feet due to
refusal on bedrock.
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7-1336-A (1-86
Bureau of(RecI;mation LOG OF TEST PIT NO. TP'1 8'5 SHEET 1 OF 1
FEATURE: San Juan Lateral Water Treatment Plant PROJECT: Navajo Gallup Water Supply Project
LOCATION: Terrace Investigation GROUND ELEVATION: 5247.73
COORDINATES: N 2,078,162 E 2,499,849 METHOD OF EXPLORATION: Case 580N Rubber Tire Backhoe
APPROXIMATE DIMENSIONS: 2x12x11 LOGGED BY: P. Gardner
DEPTH TO WATER: NE DATE: 2/22/2018 DATE EXCAVATED: 2/22/2018
% PLUS 3in
z CLASSIFICATION CLASSIFICATION AND DESCRIPTION OF MATERIAL (BY VOLUME)
& GROUP 3-| 5- |PLUS
e SYMBOL (SEE USBR 5000, 5005) 5 12 | 12
in in in
7 CL 0.0 to 1.1 ft LEAN CLAY : About 95% fines with low plasticity, low

] toughness, medium dry strength and no dilatancy; about 5% fine sand;
1 trace of fine to coarse, hard, round to subrounded gravel; maximum size,
14 1.1ft(5246.6) |  75mm; strong reaction with HCI.

(SM)g : r
IN-PLACE CONDITION: Brown and dry, homogeneous and hard.

(lab class)
2 GEOLOGIC INTERPRETATION: Quaternary Terrace Gravel (Qtg)
. 1.1.t0 5.5 ft SILTY SAND WITH GRAVEL: About 45% fine to coarse, hard,
. subangular to rounded sand; about 35% fines with no plasticity, no
- toughness, low dry strength and rapid dilatancy; about 20% fine to coarse,
3 In-place hard, rounded to subrounded gravel; trace of very hard, round to
1 density taken subrounded cobbles; maximum size, 150mm; no to weak reaction with HCI.
71 at4.0ft

i IN-PLACE CONDITION: Light to dark brown and dry, lenses and pockets
4 of gravel and sand about 3 inches thick and the width of the trench,
moderate cementation.

IN-PLACE UNIT WEIGHT AND MOISTURE FROM 4.0 ft.

Total: 91.7 Ibf/ft3, 6.7% (78.7% compaction)

) LAB TEST DATA: 46.6% sand, 34.8% fines, 18.6% gravel LL=NA PI=
5.51t(5242.2) | NP SPG=2.81

Maximum dry density: 116.5 Ibf/ft3, optimum water content= 15.5 %

1 (GP)sc Laboratory classification is SILTY SAND WITH GRAVEL.

i GEOLOGIC INTERPRETATION: Quaternary Terrace Gravel (Qtg)

T 5.51t0 10.9 ft POORLY GRADED GRAVEL WITH SAND AND COBBLE:
About 65% hard, rounded to subrounded gravel (about 1/8 of gravel gravel
[ particles are flat and elongated); about 30% fine to coarse, hard,
subangular to subrounded sand; about 5% nonplastic fines with rapid

7] dilatancy and no dry strength; no reaction with HCI.

g~ Corrosion TOTAL SAMPLE (BY VOLUME): About 5% 3- to 5-inch hard, rounded to
| sample taken subangular cobbles; trace of 5- to 12-inch hard, subrounded cobbles;
4 at6.0ft remainder minus 3 inch; maximum size, 200 mm.

9 — IN-PLACE CONDITION: Gray to tan color and dry, weak cementation,
1 sloughing walls.

. Corrosion sample taken at 6.0 ft.

. GEOLOGIC INTERPRETATION: Quaternary Terrace Gravel (Qtg)

110.9 ft (5236.8)

COMMENTS: Surface vegetation consists of grasses and weeds. Discontinued excavation at 10.9 feet due to
sloughing walls but not refusal.




PROJECT: Navajo Gallup Water Supply Project

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS (Maximum Density by Proctor)

FEATURE: Reach 1 Water Treatment Plant

DHWTP3-17-1

G29

Page 1 of 1

IDENTIFICATION

PARTICLE SIZE FRACTIONS IN PERCENT

CONSISTENCY LIMITS

IN-PLACE DENSITY

COMPACTION TESTS

FINES B o °
= £ E P S B > > o
@ = IS IS < R ! ! ‘S ‘D
5 E . |3 | EEE|gE|SE s | 8] 5|2 |25 32588 2T g,
S < 5o |Fe| 5 |S§ | S&|BE| B8] 5 | 2 5 E gt |lgg 225y Q5|50 | w
z T 29 E| 5 |SS s |8 | SEl S| 5| B |2 |58|9 |%g|3E 28|82 3
- = LS x5 3 |8 | 5 a0 25 2 - 0 o | SE| Q8 |e2]|35 |sE| S| 2
o 0] 25 48 e $h | O | Yb | NS = O g a) SZ | L2 |2l %z |5z Yo S
= a < 23| 5 ole | >le | @le | & 2 = < > 28 | o> |o2|l <% |39 dn | A
—I < 3 Z® | <* | o o o o = o = i i s0O | =0 | oUW
w O o < o o a w o o = 4
~ > d by o 9 S - S T o« » a
w it © 8 o n o
SPT-1 3.0-45 CL 43.3 445 12.2 0 0 0 32.0 16.2 - -- 4.9 - 2.61 -- -- -- --
SPT-2 | 5.0-65 (CL)s 316 | 444 | 240 | 0 0 295 | 13.2 - - 33 - 267 | - - - -
SPT-3 75-9.0 CL 41.0 49.8 9.2 0 0 0 34.3 19.6 - -- 5.7 - 2.67 -- -- -- --
SPT-4 | 10.0-115 CL 42.9 49.4 1.7 0 0 0 33.8 18.5 - -- 5.2 - 2.66 -- -- -- --
SPT-5 | 12.5-14.0 CL 441 449 11.0 0 0 0 35.7 21.1 - -- 7.0 - 2.64 -- -- -- --
SPT-6 | 15.0-16.5 cL 386 | 474 | 140 | 0 0 0o | 336 | 173 - - 41 - 259 | - - - -
SPT-7 | 20.0-21.5 CL 39.5 54.9 5.6 0 0 0 33.8 17.4 - -- 2.6 - - -- -- -- --

NOTE: Numbers in parentheses are metric equivalents of numbers directly above.
*Denotes In-place density and 5-point curve.




SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS (Maximum Density by Proctor)

G30

PROJECT: Navajo Gallup Water Supply Project FEATURE: Reach 1 Water Treatment Plant Page 1 of 1
DHWTP3-17-2
IDENTIFICATION PARTICLE SIZE FRACTIONS IN PERCENT CONSISTENCY LIMITS IN-PLACE DENSITY COMPACTION TESTS
FINES : °
= = E p C\ D > > i
o z S S 3 S ' ' G ~ ~ B
m o z E~| E~| E~| s S X E s | B S S Zw |BEe| 28
s g =, | = E |SE|CE|SE | 3 e a | s | 3% |2 |23|88eT|a, | ¥
=) * 30 Tec| 5§ |S85| 285 |k | 2] = Z i E G |2g g2 sy |QE| KO | w
z T c 2 E| S |gS | e |28 | SEL S | » | w | 2 |cd|S85|9g|2E 2G| |e2| 2
= = ts |x5| 3 |8 | A | o= | 2K E O g E| Q3 |e2l35 |se| 2| 2
a o n > Wo U ol = wf = N|k= e S < 2Z |32 |z ¢ z | wh g
L 0 n 413 = * ™ wf & | N[~ = O v a 4286 = = X & 2 =D >
= a) < JSs| o | 9e | 2| e |2 3 = z > | 23| 9 oz <8 | 28| &g | &
i o |S 183 |& |§ |§ |52 |8 | |8 |§ | |5«
|_ .
% o % O O 8 d % » » %‘
SPT-1 25-4.0 CL 49.0 46.2 4.8 0 0 0 35.0 21.0 -- -- 5.9 -- 2.72 -- -- -- --
SPT-2 50-6.5 CL 48.6 445 6.9 0 0 35.2 19.6 -- -- 7.6 -- 2.77 -- -- -- --
SPT-3 75-9.0 CL 56.2 42.4 14 0 0 0 37.2 20.8 -- -- 7.5 -- 2.71 -- -- -- --
SPT-4 | 10.0-115 CL 46.6 44.4 9.0 0 0 0 33.2 15.6 -- -- 6.3 -- 2.72 -- -- -- --
SPT-5 | 125-14.0 CL 56.0 43.0 1.0 0 0 0 38.7 21.6 -- -- 7.0 -- 2.74 -- -- -- --
SPT-6 | 15.0-16.5 CL 51.0 45.0 4.0 0 0 0 34.1 16.6 -- -- 6.9 -- 2.73 -- -- -- --
SPT-7 | 20.0-215 CL 53.1 41.0 5.9 0 0 0 35.6 18.3 -- -- 7.0 -- 2.71
SPT-8 | 25.0-26.5 CL 51.6 43.3 5.1 0 0 0 35.2 17.9 -- -- 6.5 -- 2.73

NOTE: Numbers in parentheses are metric equivalents of numbers directly above.
*Denotes In-place density and 5-point curve.




PROJECT: Navajo Gallup Water Supply Project

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS (Maximum Density by Proctor)

FEATURE: Reach 1 Water Treatment Plant

DHWTP3-17-3

G31

Page 1 of 1

IDENTIFICATION

PARTICLE SIZE FRACTIONS IN PERCENT

CONSISTENCY LIMITS

IN-PLACE DENSITY

COMPACTION TESTS

FINES b o °
£ £ € ué 0 2 > > v
o z S E < X ; ' G ‘G
o £ ° x = L e E >, | 2 z
2 8 2, | | E|gz|ee|ge|s || 8| 5|5 5% 3« |3:|&8 B8, %
> o 32 Te|l § |86 | 25|58 82| = Z 3 E B |azs|ae2| sy |2 B0 | w
e ” C2 |xE| S |25 || S| SEl S| x| w | 2 38|99 |9g|3E 28 22| 3
= 5 =3 ms | ° ST | T | 9 | oS a = 2 | SE |5 22|23 |se|ES| 2
o 0] 25 48 e $h | O | Yb | NS = O g a) SZ | L2 |2l %z |5z Yo S
I— =) < 03 5 o | 2le | @le | & 3 = = > 28 | ocr o=l 2W 39| an A
i 3 < S z® | gF | o 4 o4 2 = x =0 o ] s | =0 | au
== o s S P o o) | 3 < @ a L o o = x
» ° © 8 a n o
SPT-1 50-6.5 CL 56.6 38.9 4.5 0 0 0 40.7 21.6 14.0 -- 7.8 -- 2.71 -- -- -- --
SPT-2 | 10.0-115 cL 451 | 423 | 114 | 12 0 340 | 169 | 141 ~ 63 | 291 | 268 | -- - - -
SPT-3 | 125-140 | (CL)s 408 | 436 | 156 | 0 0 0 | 333 | 167 | 140 ~ 5.9 ~ | 267 | - - - -
SPT-4 | 15.0-16.5 (CL)s 37.1 39.8 21.7 14 0 0 31.2 13.8 -- -- 5.2 246 | 2.67 -- -- -- --
SPT-5 | 20.0-21.5 cL 445 | 436 | 119 | 0 0 0 | 336 | 164 | 144 | - 6.0 ~ | 265 - - - -
SPT-6 | 25.0-26.5 a(CL)s 22.7 324 18.2 26.7 0 0 304 154 14.0 -- 5.0 232 | 2.62 -- -- -- --

NOTE: Numbers in parentheses are metric equivalents of numbers directly above.
*Denotes In-place density and 5-point curve.




SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS G32

PROJECT: NAVAJO GALLUP WATER SUPPLY PROJECT FEATURE: REACH1 Page 1 of 1
Drill Hole Number: DHRWTP3-17-4
PARTICLE SIZE FRACTIONS CONSISTENCY SPECIFIC
IDENTIFICATION IN PERCENT PASSING LIMITS GRAVITY MOISTURES

FINES _ ° " 3 3

& Z5 T = £ o Q S ° > > . = [
u o Sy - E_ o 5o Bf| © x | 5, g3 s |E, |& $
8 - N © © G = : > : g
2 £ Lo 1 E | 5g Se|EE HE| s s | 2| 3¢ 53 5| 3s |33| 3
z T O= FE N St | yo | By w2l 3 s 0 oo oY | £ oz | oz 2
— L oE S ST | B = Nl: o =] 00 | a xS x® 2
= = = T n= | =l = = =z ] w2 b
o o n O s 2 * wl: wlin| £ a) o g e Z m & EZ E O =
i 2@ = s | 22 e FHs| 3 = 2 o3 | o8 |8 | <5 |<=| E
= o <sS 5 0 g e e oo We 2 - =z O 0D 17} £
i 3> s 1 g = 9 3= g 2 z 0 ng 2| 3 = =

[ On % o b O 8 o - ; T 7 7] < <

I I
SPT #1 3.5-5.0 CL 49.8 44.7 55 0 0 36.1 19.1 - 2.74 - - 6.5 - 6.5
SPT#2 | 85-10.0 (CL)s 34.9 354 [ 297 | 0 | 0| 0| 316 | 158 - 2.78 - - | 52 - 5.2
SPT #3 13.5-15.0 (CL)s 38.1 37.2 24.7 0 0 0 30.6 14.2 - 2.73 - - 5.1 - 5.1




SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

G33

PROJECT: NAVAJO GALLUP WATER SUPPLY PROJECT FEATURE: REACH1 Page lof1l
Drill Hole Number: DHRWTP3-17-5
PARTICLE SIZE FRACTIONS CONSISTENCY SPECIFIC
IDENTIFICATION IN PERCENT LIMITS GRAVITY MOISTURES

FINES . 8 8

@ _ _ A N . S 8 ~ =
% - 5 . E.E. 5. B ° x e | E. (Exis|E. g | s
D ~ L © © = X = < =
3 $ <3 | £ e |88 SEEE35 5 0 2 2| i2 23 5| &:|a:| oz
= = L= o 2 8T | L5 o7 Hb £ Q 02 02 | & g2 | 53 >
o o o > s 2 * bz | Wbl ¢ a 9] g Lz [T S EZ E =
~ tw 2 s = oe | 2le | Fel ws 5 = < 0s 0D | & <s <n I
7 A S s 12° 8° §° 3§ © 5 | 2| & ug 2 | 37 |3 c

= O > p= S ) 8 o - 3 T n w - 4

@ & @ T T
SPT #1 45-6.0 CL 50.0 46.0 | 4.0 0 0| o0 | 335 20.0 2.72 - - 8.1 - 8.1
SPT #2 9.5-11.0 CL 53.2 448 | 2.0 0 0o 36.9 20.5 - 2.74 - - 9.0 - 9.0
SPT#3 | 14.5-16.0 CL 52.4 454 | 2.2 0 0| o0 | 366 18.8 - 2.81 - - 8.3 - 8.3
SPT#4 | 245-26.0 CL 50.0 468 | 3.2 0 0o 37.4 20.4 - 2.69 - - 7.4 - 7.4
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SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

NAVAJO GALLUP WATER SUPPLY PROJECT

Page 1 of 1

REACH 1
Drill Hole Number: DHRWTP3-17-6

FEATURE:

PROJECT:

MOISTURES

%81MSION [€10L

7.4
8.0

6.9

¥ 'ON SN71d
% INILINOD d3LVM 1114

¥ 'ON SNNIW
% INILINOD d3LVM 1114

7.4
8.0

6.9

SPECIFIC
GRAVITY

% - NOILdd0SsaVv

ATINg ¥ 'ON sN71d
ALIAVHO J14103dS

7"ON SNNIN
ALIAVYHO O14103dS

2.77

2.76

2.69

CONSISTENCY
LIMITS

% - LINIT IOVINILHS

11.6

% - X3ANI ALIOILSV1d

25.3

19.5

18.9

% - LINIT aIndI

40.3

38.7

37.2

PARTICLE SIZE FRACTIONS
IN PERCENT
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(wwg9/) ..g 01
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ww /00 03 500°0
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59.2
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IDENTIFICATION

TOdINAS
NOILVOIHISSVT1O

193} - HL1d3d

CL

CL

CL

40-55

9.0-105

14.0 -15.5

439NN Lid 1S31

SPT #1

SPT #2

SPT #3




PROJECT: Navajo Gallup Water Supply Project

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS (Maximum Density by Proctor)

DHWTP3-17-7

FEATURE: Reach 1 Water Treatment Plant

G35

Page 1 of 1

IDENTIFICATION

PARTICLE SIZE FRACTIONS IN PERCENT

CONSISTENCY LIMITS

IN-PLACE DENSITY

COMPACTION TESTS

FINES

Q G € p 3 D > > i
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2 5 <0 IE < gc.% SHS L E D€ s Z 3 = e s 2| s OF | EO w
z T Om FE|l S SR | v6 | & | S € = > o @ =z | 02 o, Sz |22 &2 3
= [ L= e s S IS = | = =5 - = 0] E o|_ SRA 0Dl s §E E < -
o o 0 > w s IS S wl = w S a] — < =z =3 |-z =22 = <
L 0 n 1S I=] * o W& o ) N[ < O < [a) 28 &D_ L= < Z 35 Yo S
5 a < JdJos | b | Qe | 2| De | B 3 e Z > | 28| 0© o= <¥ | 29| dn | A
i = < = z® | gF | o i% S 0 = x = m m s —O | auw
== o s S P o o) | 3 < @ a o o = x
g ° © 3 o 5 e
SPT-1 40-55 CL 55.5 41.9 2.6 0 0 0 39.0 21.2 -- -- 7.0 -- 2.76 -- -- -- --
SPT-2 | 9.0-10.5 CL 54.2 419 3.9 0 0 38.9 23.8 14.9 -- 7.2 -- 2.74 -- -- -- --
SPT-3 | 14.0-155 cL 472 | 423 | 105 0 0 0 349 | 17.3 - - 6.5 - |278] - - - -

NOTE: Numbers in parentheses are metric equivalents of numbers directly above.
*Denotes In-place density and 5-point curve.




G36

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

NAVAJO GALLUP WATER SUPPLY PROJECT

Page 1 of 1

REACH 1
Drill Hole Number: DHRWTP3-17-7

FEATURE:

PROJECT:

MOISTURES

%81MSION [€10L

4.2

¥ 'ON SN71d
% INILINOD d3LVM 1114

¥ 'ON SNNIW
% INILINOD d3LVM 1114

4.2

SPECIFIC
GRAVITY

% - NOILdd0SsaVv

ATINg ¥ 'ON sN71d
ALIAVHO J14103dS

7"ON SNNIN
ALIAVYHO O14103dS

CONSISTENCY
LIMITS

% - LINIT IOVINILHS

% - X3ANI ALIOILSV1d

12.0

% - LINIT aIndlI

27.3

PARTICLE SIZE FRACTIONS
IN PERCENT PASSING

(wwyzt) WG uey
Jebre ] 3ZISYIAO

(wwyzt) W50
(wwgz'9y) ..£ 531990D

(wwg9/) ..g 01
(Wwos ) v# TIAVED

(Ww9s ) v# 01
(wwy20) 002# ANVS

33.0

ww /00 03 500°0

43.1

NvHL a3 s

23.9

IDENTIFICATION

('s'2's’N) TO9NAS
NOILYIIHISSVY 1D

193} - HL1d3d

s(CL)

37.0-40.3

439NN Lid 1S31

Bag
Sample




G37
SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS (Maximum Density by Proctor)

PROJECT: Navajo Gallup Water Supply Project FEATURE: Reach 1 Water Treatment Plant Page 1 of 1
DHWTP3-17-8
IDENTIFICATION PARTICLE SIZE FRACTIONS IN PERCENT CONSISTENCY LIMITS IN-PLACE DENSITY COMPACTION TESTS
FINES 2 o .
—_ — £ 2 S > > > o

i Z = = < N ' ' k3] '3

w £ S x w = = > ) 3

@) Z E e — s ' l: Q - - Y o Z Q
2 3 c, | | E|EE|CE|Se| 5| | 8] 5| |55 |z+|z3|88|%|g,|%
=) v S0 fe| § | 35| 3Sa|=E| 2E| S Z 3 E b |2g |22 sy |0 R0 | w
= = Ls x £ ) o < * 2 = | 4= | > o Z ou o2 | 0% = i < 0
T o %> we | 2 | 87| o | Qs | wy | o = 2 w | SE| =25 (22]22 |2E| GE | T
o L 0 n 413 = * ™ wf & | N[~ = O v [a] _|Z w L= X Z 22 =D >
= a < = 5 oo | >le | @le | & 2 = > 2Q | o |Gl <Y | SO go :

0l — < o pd & om e = 0 = x o | | S E o
— S S S g ) O w - < DI: a) o o i~ @
n © o 8 = 5 o)

SPT-1 45-6.0 CL 43.6 46.6 9.8 0 0 0 334 18.6 -- -- 6.8 -- 2.77 -- -- -- --
SPT-2 | 95-11.0 CL 39.7 46.7 13.6 0 0 0 32.6 17.6 -- -- 6.1 -- 2.74 -- -- -- --
SPT-3 | 145-16.0 CL 36.2 49.9 13.9 0 0 0 32.6 16.9 -- -- 5.9 -- 2.70 -- -- -- --

NOTE: Numbers in parentheses are metric equivalents of numbers directly above.
*Denotes In-place density and 5-point curve.




G38

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

Page 1 of 1

FEATURE: SJWTP

PROJECT: NAVAJO GALLUP WATER SUPPLY PROJECT

COMPACTION TESTS

% - NOILOVdINOD
ANILVYI3Y

% - 3ANTVA-A

1sd - IONVLSISIH
NOILVH13INId

230

% - LNJ1INOD
d31LvVM INNINTLDO

15.3

Jod - ALISN3IA
AYA WNWIXVYIN

115.3

IN-PLACE DENSITY

¥ 'ON SNNIN
ALIAVYO D14103dS

2.82

¥ 'ON SN7d
ALIAVYO D14103dS

% - LNJ1INOD
H31VM 1114

25

Jod - ALISNIA AYA

CONSISTENCY
LIMITS

% - LINITT IOVINILHS

%
- X3ANI ALIDILSVYd

17.7

% - LINIT dIindi

33.4

PARTICLE SIZE FRACTIONS

IN PERCENT

(wwyzr) .G ueyr
Jabae ] IZISIIAO

(wwy2t) .G 01
(wwz'9y) ..& S31990OD

(wwiz'9/) ..g 01
(Ww9sv) v# TIAVED

(wwig/ v) w# 01
(wwy207) 002Z# ANVS

10.3

ww /0001 S00°0

45.3

w W G00°0
NVHL 43 TIVINS

44.4

IDENTIFICATION

TO9INAS
NOILVOIFISSV1O

CL

193} - H1d3d

10.0 - 20.0

439NN Lid 1S31

DHWTP3-17-8

* Denotes In-place density and 5-point curve



G39
SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS (Maximum Density by Proctor)

PROJECT: Navajo Gallup Water Supply Project FEATURE: Reach 1 Water Treatment Plant Page 1 of 1
DHWTP3-18-9
IDENTIFICATION PARTICLE SIZE FRACTIONS IN PERCENT CONSISTENCY LIMITS IN-PLACE DENSITY COMPACTION TESTS
FINES 8 ° °
£ £ ) = 2 S > > 2
o z S S s X ; ' G - - ‘B
al = o Z £~ E ~ S = S o- x l: Q & o - - > Y= I2 X Z Q o
: £ =V - S I N - - I - T = R = S 0 B 1 - =T
) . <0 = <5 28 | 25| ©E e s z 3 = bE | g |2 s, | Q| KO w
z z 2 |zE| 5 |SS|Eg| RS 3El 3| x| w | 2 |o8|%2|%3|2F |28 &2 3
£ iy (7,5 w9 o ST A | Qs | wy Q = 2 i SE | 83 |82 23 || BE <
o o o 0 413 = & | W | D | NT = O < @ 28 | L7 v X8 | 22| z2 >
= =) < 43 o Ol o >l o ol & 5D 2 = > 0 Q o o= <y S0 R% .
g s (7818 /&8 |8 | S |2 = |& |8 |53 |5° °k
2 s |a |d |d |z 3 z o @ S
SPT-1 40-55 CL 52.4 41.4 6.2 0 0 0 37.7 20.7 - - 135 - 2.77 - - - -
SPT-2 | 11.5-13.0 CL 47.3 37.1 12.8 2.8 0 0 34.4 18.1 -- -- 6.3 2.88 | 2.72 -- -- -- --
SPT-3 | 16.5-18.0 (CL)s 34.8 38.1 27.1 0 0 0 30.2 15.1 -- -- 5.6 -- 2.66 -- -- -- --

NOTE: Numbers in parentheses are metric equivalents of numbers directly above.
*Denotes In-place density and 5-point curve.



PROJECT: Navajo Gallup Water Supply Project

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS (Maximum Density by Proctor)

FEATURE: San Juan Lateral Water Treatment Plant
DHWTP3-18-10

G40

Page 1 of 1

IDENTIFICATION

PARTICLE SIZE FRACTIONS IN PERCENT

CONSISTENCY LIMITS

IN-PLACE DENSITY

COMPACTION TESTS

FINES

€ € e p = D > > i
o z £ E = © - . “ o _
ul e o Y ] = = > S D
4 ®) Z S —~ £ —~ — E | l: o I —_— —_— — o Z o
z 3 o |2 | E|EE|RE|SE| sl e | 8 S| 2 | 3% 32|88 2T ey %
2 - 32 fe| § |36 |35 | SE| BE| 2 Z 3 E B |gg 2|5y 2| KO | w
z T TS xE| S o% | ¥ | =Y | SE = > w 7 ca | 92 |9 5SE 23| 22| 2
= = LS 0 o o ST | A% | o= | L& 2 F 0 & SE | 98 |92 35 |sE| & 2
a ] a5 a8 e * o | Wio NS = O § fa) 5 Z Lo |2 %z |5z %2 <
7 . S 25| v | g2 | F= | Qe |2 o = z > | 28 | o> |o=2| <Y |29 |dn | A
- O s S P g o) ] 3 < @ a o o = e
@ e © 8 o n o
SPT-1 40-55 CL 53.6 40.7 5.7 0 0 0 38.9 21.8 -- -- 7.1 -- 2.81 -- -- - -
SPT-2 | 9.0-105 cL 586 | 39.9 | 15 0 0 441 | 278 | 150 - 75 ~ | 269 | - - - -
SPT-3 | 165-18.0 | (CL)s 356 | 417 | 219 | 0.8 0 0 31.8 | 14.7 - - 4.8 - |273] - - - -

NOTE: Numbers in parentheses are metric equivalents of numbers directly above.
*Denotes In-place density and 5-point curve.




SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

PROJECT: NAVAJO GALLUP WATER SUPPLY PROJECT

FEATURE: SJWTP

Page 1 of 1

G41

IDENTIFICATION

PARTICLE SIZE FRACTIONS

CONSISTENCY

IN-PLACE DENSITY

COMPACTION TESTS

IN PERCENT LIMITS
FINES = .
hd = — — IS =} ' Y Q
m] 5 £ = £ 5o 8| % - 5 > > . x 2 <
[ad] B _— = F = S N~ o € ' a s - @ o\o S S < ] - o\o 9 © '
S ) = 2 £ ~ £ = E CE| SE = > = > we| < P al=) <° o ul o wz
2 T 30 T E |25 | <& | TE| 7&Kl 5 | S S £ |Eelaes |22 | s [ 32 | ES a | 28
Z Om [ NI o | v | & we| 3 o | W] & <zl o2 o > =z <> =) EE
- E Ls @€ S e | BT 2| N[: - ES go b §L|I_J 09 03 g': su E< 3 <0
= 5| 85 | B S| iU |z 8] 2 (B |£] 8 |3 %7 |52 |32 |35 | g2 | |EE
3 o | 27 |25 |95 |8°% Y5 2|2 |&| & |FS|8° |87 |5 |ES|EE | ° |73
= o z | s |3 & |g |97 =12 [&] ° 5 |5 5 o
TPWTP3-18-2 Surface s(CL) 247 | 409 | 333 1.1 - - 20.2 8.3 - 94.3 3.8 2.61 2.70 120.6 12.2 800 78.2 -
TPWTP3-18-4 | Surface CL 55.0 | 42.6 | 2.4 - - - 1369 | 199 1023 | 9.2 - 2.80 | 115.2 | 15.4 550 | 88.8 -
TP-18-5 4.0 (SM)g 50 | 2908 | 466 | 18.6 - - NA NP - 91.7 6.7 2.56 2.81 | 1165 | 155 1000 78.7 | 116.1

* Denotes In-place density and 5-point curve
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