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1.0 INTRODUCTION 

  This report presents the results of our geotechnical analyses for Navajo Gallup Water 

Supply Project Reach 21 Regulating Tank Nos. 3A and 3B located in San Juan County, New Mexico. 

 The subsurface investigation was performed by the Bureau of Reclamation, Upper Colorado 

Region to determine site subsurface conditions and, based upon the conditions observed in the test 

holes provided in Attachment B, NV5 developed geotechnical recommendations for: 

  Shallow Foundation Design; 

  Foundation Bearing Pressures; 

  Site Grading; and  

  Drainage.  

     

 The conclusions and recommendations presented are based on information provided to us 

regarding the proposed development, on subsurface conditions disclosed by the test holes, on 

laboratory testing, and information addressed in the Navajo Gallup Water Supply Project Reach 21 

Geologic Design Data Report as furnished by the Client and upon the local standards of our profession 

at the time this report was prepared.   

 This investigation was not performed to determine the presence of potentially hazardous 

waste or radon gas.  Determination of the presence of potentially hazardous materials was beyond 

the scope of this investigation and requires the use of exploration techniques and analytic testing 

which were not appropriate for this investigation.  If desired, NV5, Inc. will perform an environmental 

audit of the site. 

2.0 PROPOSED CONSTRUCTION 

 We anticipate construction will consist of two water storage tanks, both 45 feet in diameter 

and 48 feet in height.  The tanks were initially anticipated to have a height of 38 feet and to be 

supported on 10 feet of fill.   

3.0 SITE CONDITIONS 

 The project site is situated on top of a mountain located north of the community of Huerfano, 

and south of Huerfano Mesa at elevations varying from approximately 6964 to 6970 feet.  

Configuration of the site is indicated on the Site Plan, Figure 1. 

4.0 SITE SUBSURFACE CONDITIONS 

 To explore the site subsurface conditions, nine (9) drill holes were drilled within and/or near 

the proposed water storage tank locations by the Department of the Interior, Bureau of Reclamation, 

Upper Colorado Region Drill Crew using a CME 850 Track Mounted Drill Rig.  Test holes were 

advanced with a 7.5-inch diameter hollow stem auger and 3-foot split tube sampler to refusal and 
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extended by means of HC3 wireline coring.  Overburden soils, where encountered, consist of clayey 

sand (SC) described as medium toughness and medium dry strength and lean clay (CL) with sand, 

described as medium plasticity, medium toughness and medium dry strength.  The soils are also 

described as Quaternary Alluvium (Qal).  The alluvium was encountered in three of the nine test holes 

within the upper 2 to 2.5 feet.   

 Either below the alluvium or beginning at the present ground surface, primary materials 

(bedrock) identified as the Tertiary Nacimiento Formation was encountered and extended to depths 

of approximately sixty (60) feet, the maximum depth investigated at this site.  In four of the test holes, 

the formation was initially penetrated using hollow stem auger and split spoon sampler to depths 

varying from 5.7 to 25.7 feet and then advanced by wireline coring.  The Tertiary Nacimiento 

Formation consists of various primary materials (bedrock) including sandstone, siltstone, claystone 

and shale. 

 The sandstone was generally described as fine to medium grained, laminated to thinly to 

moderately bedded, moderately to intensely weathered and soft to hard.  The siltstone was generally 

described as moderately to slightly weathered, soft to hard and thinly to moderately bedded.  

 The claystone was generally described as very soft to soft, intensely to moderately weathered, 

laminated to thinly bedded with varying amounts of gypsum veins and occasionally iron oxide staining.  

Moderately to slightly weathered, black shale was encountered in test hole DHR22RT3A-14-1 

between a depth of 59.7 and 60.0 feet.  The shale was described as very fine grained and moderately 

soft to soft.   

 It is our interpretation that the relative hardness of each type of primary materials as described 

on the log of drill holes is likely based on the rock classification system.  For instance, soft generally 

implies that the material can be scratched with a finger nail.  Moderately hard generally indicates that 

the material can be scratched easily with a knife, but cannot be scratched with a fingernail. 

 Groundwater was not encountered in any of the test holes.  However, groundwater conditions 

may change with time due to precipitation, variations in groundwater level, seepage from ponding 

areas, or leaking utilities.   

 The test holes allow observation of a very small portion of the soils below the site.  Significant 

variations in subsurface conditions may occur across the site, which were not disclosed by the test 

holes. 

5.0 LABORATORY TESTING 

 A laboratory testing program was performed by the Bureau of Reclamation, Upper Colorado 

Region on samples obtained during the field investigation for the Reach 21 waterline project, which 

appeared representative of the soils encountered in the test holes indicated in the referenced Geologic 

Design Data Report.  The laboratory testing program was structured to determine the physical 

properties of the soils encountered in the test holes necessary for development of geotechnical 

recommendations. 

 The laboratory testing program included: 
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• Moisture Content; 

• Dry Density; 

• Specific Gravity; 

• Sieve Analysis;  

• Atterberg Limits; and 

• Compaction Tests.  

6.0 FOUNDATIONS 

 Based on the data provided by the client and engineering studies, it is recommended that the 

proposed Reach 21 Regulating Tank Nos. 3A and 3B be founded on one of the following foundation 

systems described below.  The foundation system determined to be more economical and/or more 

practical with respect to functional requirements should be used. 

6.1 RING WALL FOOTING OPTION 

 If the recommendations presented in this report are implemented particularly those regarding 

site grading and drainage, both proposed 500,000-Gallon Water Storage Tanks (Nos. 3A and 3B) 

may be supported on reinforced concrete ring wall footings.  The ring wall footings of the Water 

Storage Tanks should bear on a minimum thickness of 12 inches of structural fill.  The base of the 

Water Storage Tanks should bear on a minimum thickness of 36 inches of structural fill.  A four-inch 

layer of oil-treated sand should be provided below the tank base.  Weep holes through the ring wall 

footings should be provided at frequent spacings or as recommended by the tank manufacturer.  

Structural fill should extend a minimum of three feet laterally beyond the edge of all footings.  

Foundations may be designed for an allowable bearing pressure of 3,000 pounds per square foot.  

This value may be increased by one-third for short-term loads due to wind and earthquakes.  If it is 

not feasible to implement the site grading and drainage recommendations presented herein, an 

alternate foundation system may be required.  This office should be contacted for additional 

recommendations. 

 The base of ring wall footings should be embedded a minimum of three feet below lowest 

adjacent grade. Ring wall footings should be a minimum of eighteen inches wide.  However, local 

building codes may require greater dimensions.   

 Lateral foundation loads will be resisted by a combination of passive soil pressure against the 

sides of footings and friction along the base.  A passive soil resistance of 300 pounds per cubic foot 

may be utilized for design.  Frictional resistance may be determined by multiplying foundation dead 

load by a coefficient of friction of 0.40. 

 Prior to fill placement and following footing excavation, the natural soils should be scarified to 

a depth of eight inches and moistened to near optimum moisture content (±3%).  The exposed soils, 

if any, should then be compacted to a minimum of 95% of maximum density as determined by  

ASTM D-1557.  All fill below structures should be placed and compacted as detailed in the attached 

Appendix.  Prior to pouring concrete footing excavations should be cleaned of any slough, loose soil, 

or debris.  Footing excavations should be compacted as detailed in the attached Appendix. 
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 Foundations designed and constructed as described herein are not anticipated to settle more 

than one inch.  Differential settlement between adjacent column footings should not exceed one-half 

of the above value.  Foundations should be designed and constructed to tolerate the above 

settlement.  Foundations should be designed by a qualified structural engineer. 

6.2 MAT FOUNDATION OPTION  

 If the recommendations presented in this report are implemented particularly those regarding 

site grading and drainage, both proposed 500,000-Gallon Water Storage Tanks (Nos. 3A and 3B) 

may be supported on reinforced concrete mat foundations.  Mat foundations should bear on a 

minimum thickness of 18 inches of structural fill.  Any over-break in the bedrock should be completely 

filled with structural fill material.  Structural fill should extend a minimum of three feet laterally beyond 

the edges of the mat foundations.  Mat foundations may be designed for an allowable bearing 

pressure of 3,000 pounds per square foot.  This value may be increased by one-third for short-term 

loads due to wind and earthquakes.  If it is not feasible to implement the site grading and drainage 

recommendations presented herein, an alternate foundation system may be required.  This office 

should be contacted for additional recommendations. 

 Lateral foundation loads will be resisted by a combination of passive soil pressure against the 

sides of footings and friction along the base.  A passive soil resistance of 300 pounds per cubic foot 

may be utilized for design.  Frictional resistance may be determined by multiplying foundation dead 

load by a coefficient of friction of 0.40. 

 Prior to fill placement and following footing excavation, the natural soils should be scarified to 

a depth of eight inches and moistened to near optimum moisture content (±3%).  The exposed soils, 

if any, should then be compacted to a minimum of 95% of maximum density as determined by  

ASTM D-1557.   All fill below mat foundations should be placed and compacted as detailed in the 

attached Appendix.  Prior to placing concrete to mat foundations, the structural fill surface should be 

cleared of any slough, loose soil, or debris.  Structural fill should be compacted as detailed in the 

attached Appendix. 

 Mat foundations designed and constructed as described herein are not anticipated to settle 

more than one inch.  Mat foundations should extend beyond the periphery of tank walls as may be 

required to resist overturning moment and/or minimize differential settlement.  Differential settlement 

across the base of mat should not exceed one-half of the above value.  Foundations should be 

designed and constructed to tolerate the above settlement.  Foundations should be designed by a 

qualified structural engineer. 

 Based on our review of the Bureau of Reclamation Geologic Design Data Report, an 

International Building Code Site Classification of “D” may be utilized for design. 
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7.0 EARTHWORK 

7.1 General 

 The settlement estimates presented in this report are based upon the assumption that site 

earthwork will be performed as recommended in this report and the attached Appendix.  Presented 

below is a summary of the site earthwork recommendations.  Detailed earthwork procedures are 

presented in the attached Appendix. 

 Prior to commencing earthwork the Contractor should obtain appropriate Proctor tests.  Field 

density testing and evaluation of the suitability of the proposed materials performed prior to completion 

of the Proctor is “Preliminary” and may change based upon the results of the Proctor testing.   

7.2 Clearing and Grubbing 

 Prior to placing structural fill, all borrow and fill areas should be stripped of vegetation and 

deleterious materials.  All strippings should be hauled off-site or utilized in landscaped areas.   

 All existing utilities, septic tanks, leach fields, and disturbed soil should be removed from below 

the proposed amenities.  The resulting excavations should be backfilled with compacted fill as detailed 

in the attached Appendix. 

7.3 Excavation 

 We anticipate that on-site soils can be excavated with conventional earthwork equipment.  

Cobbles or boulders may be encountered during excavation.  Cobbles and boulders should be 

disposed of off-site or utilized for landscaping.  Cobbles and boulders should not be placed within 

structural fills.  Cobbles and boulders as defined in ASTM D-2487. 

7.4 Natural Ground Preparation 

 Prior to placing structural fill and subsequent to final grading in cut areas, the exposed soils 

should be scarified to a depth of eight inches and moisture conditioned to a near optimum (±3%) 

moisture content.  The exposed soils should then be compacted to a minimum of 95% of maximum 

density as determined by ASTM D-1557.  If vibratory compaction poses a threat to nearby structures, 

static compaction should be utilized.  

7.5 Fill Placement and Compaction 

 Structural fill should be placed in horizontal lifts a maximum of eight inches in loose thickness, 

moisture conditioned to near optimum moisture content, and mechanically compacted.  Fill below 

footings and slabs should be compacted to a minimum of 95% of maximum dry density as determined 

by ASTM D-1557.  The near surface materials at either tank location are not anticipated to satisfy 
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structural fill criteria.  It is anticipated that import soils satisfying structural fill criteria are to be obtained 

from an approved outside source. 

7.6 Observation and Testing 

 Placement and compaction of structural fill should be observed and tested by a qualified 

geotechnical engineer or his representative.  The purpose of the observation and testing is to confirm 

that the recommendations presented herein are followed and to provide supplemental 

recommendations, if subsurface conditions differ from those anticipated. 

 Foundation excavations should be observed by a qualified geotechnical engineer, or his 

representative, prior to placement of reinforcement or concrete.  The purpose of the observation is to 

determine if the exposed soils are similar to those anticipated. 

7.7 Frequency of Testing 

 Earthwork should be tested periodically to confirm the fill is compacted to the criteria presented 

in this report.  Prior to placing fill, the natural ground should be moisture conditioned, compacted, and 

tested to confirm it is properly compacted.  Fill should be placed in maximum eight-inch thick loose 

lifts, but in no case thicker than can be compacted with the equipment being utilized. Fill should be 

moisture conditioned and compacted as detailed in this report.  Fill areas should be tested at 

maximum one-foot vertical intervals.  If fill areas are worked at different times, each individual area 

should be tested.  Following finish grading, the final surface should be tested.  Following foundation 

excavation, the footing excavations should be tested.  Utility trench backfill should be tested as 

necessary. 

8.0 SITE GRADING AND DRAINAGE 

 The settlement estimates presented in this report assume the site will be graded to drain 

properly.  If the site does not drain properly, structure settlement substantially greater than quoted in 

this report will occur.   

 To reduce the risk of structure settlement the site should be graded to rapidly drain away from 

amenities.  Splash blocks should be utilized below down spouts and canales. 

 If ponding areas are required, they should be located as far away from amenities as possible, 

a minimum of ten feet.  If these criteria cannot be met, this office should be contacted for supplemental 

recommendations.  

9.0 UTILITIES 

 The site soils and very soft claystone materials are anticipated to be compressible if allowed 

to increase in moisture content.  If post-construction water line leaks occur, localized settlement will 
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occur.  Following installation, all water lines should be pressure checked for leaks.  Any leaks found 

should be repaired.   

 Backfill in utility line trenches below slabs, driveways, and pavement, if any, should be 

compacted to a minimum of 90% of maximum density as determined by ASTM D-1557 provided that 

the upper 12 inches of soils consist of granular materials, such as sands and gravels having a plasticity 

index less than or equal to twelve.  Utility trenches should be as narrow as can be properly compacted.  

To reduce the possibility of breaking utility lines with compaction equipment, heavy compactors should 

not be utilized. 

 Utility trenches may not be compacted to the same degree as the remainder of the building 

pad.  Therefore, wall footings, interior walls and thickened slabs should not be placed longitudinally 

over utility trenches.  Column footings should not be placed over utility trenches.   

10.0 TRENCHES AND EXCAVATIONS 

 All trenches greater than four feet in depth must be sloped, shored or braced or otherwise 

supported according to OSHA Construction and Safety Standards.  Material excavated from the 

trench or spoil must be placed a minimum of two feet from the edge of the excavation.  The spoil 

should be retained in an effective manner such that no loose material can fall into the excavation. 

 Temporary construction excavations less than eight feet deep should be sloped no steeper 

than 1½:1 (horizontal:vertical).  If deeper excavations are required, this office should be contacted for 

supplemental recommendations.  Limited raveling of slopes will occur particularly as the exposed soils 

dry out. Heavy equipment and material stockpiles should be located a minimum of five feet from the 

top of slope. 

11.0 CLOSURE 

 This report was prepared for the exclusive use of our Client.  The recommendations presented 

in this report are based upon the subsurface conditions disclosed by the test holes.  Soil and 

groundwater conditions may vary between test holes and with time.   

 This report reflects our interpretation of the site subsurface conditions.  We strongly 

recommend that prior to bidding all contractors perform their own subsurface investigation to form 

their own opinion of the site soil, rock, and groundwater conditions.  Should contractors elect to use 

this report for construction, bidding or estimating purposes, they do so at their own risk. 

 In a southwest climate it is particularly important to protect the soils supporting the proposed 

structure from an increase in moisture content.  If soils supporting the structure increase in moisture 

content due to any cause such as poor site drainage, ponding areas, or leaking utility lines, significant 

structural settlement and distress may occur. 

 If conditions are encountered during construction which differ from those presented herein, 

this office should be contacted for supplemental recommendations.  The staff of NV5, Inc. is available 

for supplemental consultation as necessary.   



NGWSP Reach 21 Regulating Tank Nos. 3A and 38

This office would be pleased to review site grading and drainage plans to evaluate

conformance with the recommendations presented herein. All site earthwork should be observed by

a qualified geotechnical engineer or his representative. NV5, Inc. would be pleased to provide these

services.

NV5, Inc.

Ralph L. Abeyta, P.E., M. ASCE
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 APPENDIX 
 EARTHWORK PROCEDURES 
 
General 
 
 The Geotechnical Engineer shall be the Owner's representative to observe and evaluate 
the earthwork operations.  The Contractor shall cooperate with the Geotechnical Engineer in the 
performance of the Engineer's duties. 
 
Clearing and Grubbing 
 
 Prior to placing structural fill all borrow areas and areas to receive structural fill shall be 
stripped of vegetation and deleterious materials.  Strippings shall be hauled off-site or stockpiled for 
subsequent use in landscaped areas or nonstructural fill areas as designated by the Owner or his 
representative and approved by the Geotechnical Engineer. 
 
Site Preparation - Fill Areas 
 
 Prior to placing structural fill the areas to be filled shall be scarified to a depth of eight 
inches and moisture conditioned as described below.  The area to be filled shall then be 
compacted to a minimum of 95 percent of maximum density as determined by ASTM D-1557.  If 
vibratory compaction techniques pose a threat to the structural integrity of nearby facilities a static 
compactor shall be used.  Any soft or "spongy" areas shall be removed as directed by the 
Geotechnical Engineer and replaced with structural fill as described herein. 

 
Site Preparation - Cut Areas 
 
 Following excavation to rough grade, all building and pavement areas shall be scarified to a 
depth of eight inches and moisture conditioned as described below. All building and paved areas 
shall be compacted to a minimum of 95 percent of maximum density as determined by ASTM  
D-1557.  If vibratory compaction techniques pose a threat to the structural integrity of nearby 
facilities, a static compactor shall be used.  Any soft or "spongy" areas shall be removed as 
directed by the Geotechnical Engineer and replaced with structural fill as described herein. 
 
Foundation, Slab and Pavement Subgrade Preparation 
 
 Prior to placing reinforcement, footings, slabs, or pavement, the supporting soils shall be 
prepared, moisture conditioned, and compacted as described herein. 

 
Structural Fill Material 
 
 Structural fill material shall be nonexpansive soil which may be gravel, sand, silt or clay, or 
a combination there of.   
 

Sieve Size 
Percent Passing 

By Weight 
4” 100 
1” 90-100 
No. 4 70-100 
No. 200 10-40 

 
 Structural fill material shall exhibit a plasticity index of ten or less.  No organic, frozen or 



 
 A - 2 
 

decomposable material shall be utilized.  All structural fill material shall be approved by the 
Geotechnical Engineer.   

 
Structural Fill Placement 
 
 Structural fill material shall be blended as necessary to produce a homogeneous material.  
Fill material shall be spread in horizontal lifts no greater than eight inches in uncompacted 
thickness, but in no case thicker than can be properly compacted with the equipment to be utilized.  
If structural fill is to be placed on slopes steeper than 5:1 (horizontal:vertical) the natural ground 
shall be benched with minimum three foot wide benches at maximum two foot vertical intervals. 
 
Moisture Conditioning 
 
 Structural fill material shall be dried or moistened as necessary, prior to compacting, to 
within ± three percent of optimum moisture content as determined by ASTM D-1557.  Moisture 
shall be distributed uniformly throughout each lift. 
 
Compaction 
 
 Structural fill shall be mechanically compacted to the following:  
 

 Minimum Compaction 
ASTM D-1557 

Foundation Support 95% 
Slab Support 95% 
Below Slab Utility Trenches 90% 
General Site Grading 90% 
Pavement Support - 
      Upper 8” of Subgrade 95% 
      All other fill below pavement 90% 

 
 
 Aggregate Base Course shall be compacted to a minimum of 95% of maximum density as 
determined by ASTM D-1557. 
 
 Asphaltic concrete shall be compacted to a range of 93% to 97% of the maximum 
Theoretical Unit Weight in accordance with ASTM D2041. 
 
 Compaction by flooding and jetting is specifically prohibited unless authorized in advance 
by the Owner or his representative and the Geotechnical Engineer. 
 
Observation and Testing 
 
 The Geotechnical Engineer or his representative shall perform field density tests with a 
frequency and at the locations he feels appropriate.  The Geotechnical Engineer or his 
representative will perform Proctor tests on representative samples of all structural fill material for 
compliance to structural fill requirements on page A-1.  To minimize delays, the Earthwork 
Contractor is encouraged to submit soil samples prior to use for proctor testing. 
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ATTACHMENT B 

GEOLOGIC LOGS OF DRILL HOLES 



GEOLOGIC lOG OF CRILL HOLE NO. CHR22RT3Ae14·1
FEA1URE, R0\CH zza

LOCAl1ON: RJOCULAllN.G TM/K TMiK 3A

BEGUN; 121':1/14 FINISHED; IZJ!i114
DEPTH OFWAlER tEVEl:

DAlE MEASURED:

SHEET f OF 1

PROJECT: ~,,wAJO OALLUP WA1ER SUPPLY PROJECT
COORDINATES: N1.961.5~.S E 2.121.596.4
TOTAL OEP1li: 60.0'
DEPTH TO BEDROCK; QJl

STAle: NEW MEXICO·
GROUN.D ELEVATION! 69&4.9

ANGLE FROM HORIZONTAL: 90

HO~E L.OOGED BY; J,GUSRT
REVIEWED BY:

> lftBORATOR¥ DATAIll:

~§•••;.
0::r; 0 t: ?; 0'"

NOTES ~ ~.
-' 3 ~..

~~..•
'" ~ ~

ox :l~0 § ..•. 9 j::UJ~ 5~ ;s: 0.'"
it -,. Cj :l ~g

~. '$-. :fl' Jt s Q, ss 0

ALL MEASUREll'ENTS ARE FRCM
GRctiNO SURFACE AND ARE 'IHE s.w.E
AS1HOSE USED BY THE DRIltER.

All MEASUREMENTS ARE REPORlED IN
FEET EXCEPTWHERE NOTED.

DRItLEO BY: uc, REGION DRill CREW:
DRIl.l£R; JEFF VAN AUSOJ\L, HElPERS:
IME KILLEBREW, BRIAN HART.

PURPOSE:
PRECONSTRUC11a.l SOlI. AND BEDROCK
FOUNOAnON I/NESllGA lQIi!.

DRU EQUIPMENT:
CNE 65Q.:TRACl<MOUNTED DRILL RIG

DRU /i\Ol'!OO:
Q.O- 60.0 FTHCP WIRELINE CORING
SYSTEM WITH A 3' SPUT1IJBE SAMPlER
t\N001AMCNI)SURFACe.SET BIT.

CASING RECORD:
NONEUSEO

DRIlLING MEDIUM:
0.0·60.0 FT, WAlER

IUE CCMPlE:11ON;
8AC1<F1lLED WITH DRIlL CUTllNGS

5--

~--
30-~

100-
100

35--

55--

100

100

100

100

100

tOO

100

V)

~
9
'0

CLASSIFICATiON AND
PHYSICAL CONDITION

eOTTOM OF HOL.E

0.0.60.0 FT TERllAAV NACIMIENTO
FORMATION (Tn)

0.0.27.5 FTCLAYsn;NE: OAAKGREY IN
COl~ FINE GRAINED, VFJN MENSaEY
WEAThERED 10 OECCM'OSEO (W!;-W9~
VERY$OFT(H7t, NO RF:ACnONWllH Hal.

JdNT MEASUHEMENTS:
OEPlli INCL R M T HL INFILLING
13.3 90 4 2 1 5 CL
18.0 80 4 2 1 5 CL
11l.7 55 4 2 1 5 CL

ClSTN£

27.5- JiA FTSANDSTONE; LiGHrGREYIN
CCt.CR. FINE TO MEOOM CAAlNEO,
LAMlNAtEOTO THINt. Y 6EOL'ED.
MOOERATELYWEAlHEREO (\\l4~
MCOEAATELV HARD (H4); NO REAC11CN WOH
HCl..

31.4 - 48.1 FTc;JAYSTONE, DAAK GREY IN
CCt.CR. F1NE GRAlN8), MOOERATELYTO
SUGHllLYWEATHEREDIW4), MOOERATELY
HARD(H4~ NO REACllONwmnu.

jOm'MEASUREMEIiTS:
OEPTH INet:: R M T HL INR.t.1NG

1--,/03>='''4 38.6 80 4 2 I 5 CL

Tn SS ~~~I~==~~O~IN

1---,1#Il""",,,''''4 LAMlNA1ED TO'll-i!NLY BEDDED,
MOOERA:ra.V WEATHERED (\'\'4);
MOOCRAlEL Y HARP (114); NO HEAG"OON WnH
HOt..

0\8,0 ·5<10 FT ClAYSTONe OAAK GREY IN·
carn. Fil'E GRAINED, MODERAlEl Y lO
SUGl-m.YWEA1hERED rt\l4), MODERATELY
HlIRD(H4~ NO REACllON WflH HCl.

50,0 • 511.1FT 51!.TSlCNE: GREY TO OARK.
(',RE'( IN CCWR, RNE GRAINED.
MOOERAlEL Y TO SUGHTL Y WEATHERED
(VI4), MOCERATELYHARO(Ii5~ NOREAC11ON
WITriHCL

59.7·00.0 Ff SHALe BLACK IN Cct.OR. VERY
1---,611""1,,,,4.0"'1 FI~lE GRAlJleD, MOOERATEl Y TO SLIGHn. y
S5 ,,",M WEAlHEREO(W4), MODERATELY SCHTO

SOFT(H5-H6); NO REACnONW(Jl-i HC,'l.

CtS'TNE

SL1'SN

STRATIGRAPHY:
0.0.60.0 FT: TER'TIARV HAClMlENTO
FORMA'TlON (TN)

AB6R.EVlAlIONS:
WlNE" WAreR LEVa NOT ENCOUHTERfD
1.0. = INSIDE DIAMEtER liNE" BEDROCK
NOT ENCOUHlEREO;

COMMEm'S:

ALl AN<Jl.ES MEASURED ,"ROM COAE AXIS AT ZERO OEGRF.ES. UNLESS OOIERWISE NOlED.
THE CAlA FOR 'THE CENtER Cct.UI.'N AND-ctASSIFlCAllCN AND ~!CAI. CCNOffiCNS- COLUMN ARE BASED C.N BUR&\U Of' RIOClAI·,AA'l10N GEOLOGY FJElD U,,""'1lJAL.
/lNU DRAWINGSHlU:D FOO DESIGNS AND SPECIACATICNS AS FCUOWS- DRAWING NO. 4().{).64\l3. STANDARD DESCRIP1lO'lS AND OeSDKlf'11Ve em.:::,..", FOR ROCK.
CRAWING NO. 40-0.<1<199.STANDARD DESCRIPTORS MiD Oe;SCRIPllVT; CRllERlA FOR DlSCC\llnNUmES.



GEOLOGIC lOG OF DRilL HOLE NO. DHR22RT3A-14-4 SHEET I OF 1

FeATURE: REACH22B
LOCATION: REGUL.<\TlNGTANIO!l
BEGUN: 1216114 F.''<Il/HEO; 1218114

DEPTH OF WII!En lEVEL:
DAlE MEASURED;

ALL MEASUREMENTS ARE FROM
GROlJND SURFACE;\NO ARE THE SAME
AS THOSE USED BY1l1E DRILLER

ft,LL MEASUREMENTS ARE REPORTED IN
FEET EXCEPT WHERE NOlEO. '

DRIU.ED BY: uc, REGION DRILL CRE.W;
DRillER; JEFF VAN AUsO/lL, HE1J>t::R'l;
KYLE KIi.LF..BREW, BRIAN HART.

PURPOSE:
PRECQNSlRUCT1ON, SOIl ANO BEDRCCK
FOUNDATION INllIiSffGO. II()NS.

D~L EQUIPMENT: 10- i---

eMe SOO lRACK MOUNTEDDI'<1lL 1<lG

.DRILL MElHCO:
0.(1.40.0FTHQ(!WIREUNE ceRING 18
SYSTEM WITHA:1 SPLIT rutlE SAMPlER
ANOOlMlONOSURFAC&SET BIT:

CASING RECORD: 15'--
NOOEUSED

DRUING MEDIU~t
O.O-4Q.OFT, WATER

HOlE CCMPl£11ON:
BACKFillED wn~OflllL CUT'tlNGS

OOSERVAllON wELL INSTALLED I!GS:
NCM:USED

• 100

tOO

tOO

iOO

100

PROJEC'n NAVAJO CA!.WP WATER SUPPLY PROJECT
COORDINATES: N 1,961,552.3 E 2,721,500.8
rOTA.L OE?Ta! 40.0

DEPTH ro BEDROCK;· 0.0

STATE: NEW MEXICO

GROlJND ELEVA TlON; 6964.0

ANGlE FROM HC>RIZONTAL; so
HOLE:: lOGGED BY;' J. GILBERT
REVIEW ED BY:

.. lABORATORYOATA
~

z ,..

i~51
u,

l: !: "l t:
CLASSIFICATION ANDM ?; 0

~iNOTES !h -' iii WI- £ wa:
~
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Q Ul
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l: g' " '?;
'fj :> 3~ 0 ~~ ~1i: C) o~ "'0 s '"'If. $ ~ ~ II; ~o ~

zs,--

J5--

Tn

0.0 • 40,0 FT 'Il:RTIAAY NACIMIENTO
FORMAllON (Tnt

0,0 -8.6 FTCtAYSTONE: DARK GREY IN
COlOR. FINE GAAlNED. VERY 1NT5'11SElY
WEAThERED TO DECCMPOSED (WI>-W9),
VERY SOFT (Iil); ND RE::AC'OON WITH HCI.

as- 9.2 FT SUSTONE: GREY TO DNij( GREY
IN CCl..CR flNeGIWNEO; MOOEAAlaYTO
SLlGKll Y 'NEAlHERED C.v4~ MbOERA1ELY

,_... "':U~ H/\!<OmHARD(HJ.<i4}:NOREACJlONWITH
t1ill~HCl.

9.2 - 29,8 FTCtAYb"TtN:: DARK GREYIN
CCl..CR r-INE GRAINED, vERY INTENSEl.:Y
WEAThERED TO DECOMPOSED (W8-W9).
VE::RY SOFT (H7); NO REACTION W ITH 11CI•

29.8· 30.9 FTSANDSTCM:: l.IG}1T GllEYIN
COlOR, FlNE TO MEDIUM GfWNEO,
LAMlNAlED TO THINlY BEDOEO.
MODERATElY wEAlHERED r.v4).
MOOERAla Y HARD (H4): NO REACTIa-l WrTH
HCI.

30.9 • 40.0 FT ClAYSTONE: DARK GREY iN
CCl..OR. F1NE GRAINED, MCOEAATEl Y
WEATIiERED (\V4).I..1OOERAla Y HARD (H4l;
ND REACTION WITH He!.

JaNTMEASUREMENTS;
CEPTH INet. R r.i T Hl INALL!NG
31.9 eo '" 2 1 5 C'..Al.CITE

STRAllGlW'H'f:
0.0· 40.0 FT~ TERnARY NAC.JIliIENTO
FOiUAAllON (Tn)

ABBREVlAllONS!
w...NE .••WAllER LEVEL NOT ENCOUNTEF!ED
1.0. s INSIOE DIAMETER SNE '" BEDROCK

NaI' ENCOUNTERED.

CLSTN

CLSTN

aOHO~ OFHOLE

COMMENTS;
ALL ANClES 1t1FASURED FROM CCf<E AXIS AT ZERO DEGREES, UNLESS OnlERWIS2 NOlEll.
l1"'E DATA fOR noE CENTCR COLv~m ANO'CLftSSIFICAT!ON A."m PHYSICAlCONDmcNS' CCUlMN ME BASED eN BUREAU c= P.ECtA'AAllON GEGt.OOY RELD M,A.NUAL
IlND DRAWINGS llTLED FOR C€SIGIS AND SPECifiCATIONS AS Fd_LO'l\I5- OfVlWING NO. 40-0-6>193. S'TIINDARO DESCRlf"llONS ANO Ot::SCRII"'flVE CRrtERIA FOR ROCK.
DRI\WING NO. 40-0-6499. STANDAPP PIOSCRlPlUflS NID PESCRlPll'/E CRlTEPIA FOR DISCONTINumES.



FEAruRE: REACH 228

LCCAOON: REGULATING TANK 3A

BEGUN: :li1211S FlI'llStlEO; 3I1:IJ15-

OEPni OFWATER LEVeL:

DATE MEASURED:

AlL MEASUREMEN"lS AREFROM
GROO~ SURf~ANO ARE"!HESAAIE
AS THOSE USED BY lHE DRILLER.

ALL MEASUREMENTS ARE REPcmEO IN
FEET EXCEPTWHERE NoTED.'

DRIlLED BY; u.c. REGION DRU CREW;
DRIlLER; JEFF VAN !\USDA!.. IIELPERS;
KYtE KH..LEBREW. STEVE COCHRAN,

PURPOSE:
PRECa-tSTRIJCOON SOL /WO BEOROcK
fOUNOAll~ INVE5l1GA'Il0N&

ORIU. EQUIPMENT:
CME 850 mACK Ma..ffiCO ORIU. RIG

•DRU ME1J'{OO:
o.O-7.54114INCHHCi.LOW SlEMAUGER.
WIH CAUFOOIA SAMPLER. REACHED

.AUGER REftiSALAT7.5 FT, SWICHED TO
COI<JNOSE1U?
7.5-00.aFTHOO WlREUNE CORlNG
sYSTEM wrrn A '5 SPLIT ruBe SAMPLER
AND DJAMOND SURfACE- SErBlT;

CASING RECOOD:
NQNEUSEO

OIW.JNG MEDIUM:
0.0·7.5 FfNCt\E usee
7.6 - 60.8 FT. WATER

HCtE cdAPtETlCfIt
BACKFII.LEO wm~ORlll. OENTOl'llTE.

OB5ERVAllON WELL INSTAlLED 8GS:
NONEUSEO

PROJECT: NAVAJO GAllUP WATER SiJppt Y PROJECT

COOROINA1E.S; N 1.967.415.2. E 2.721.512.8.

TOTAL OEP1H: 60.S
DF.PTII TO BEDROCK: 2.5

STATE: NEW MEXICO

GllOUND El,"VA noN, 6066.4
ANGLE FROM HORIZONTAL: 90
HCl.E LOGGED BY: J. GitBERT

REVIEWED av:

lJIB()MrORY DATA

BOTTOM OF HOLE

SHEET I OF 1GEOLOGIC LOG OF DRILL HOLE NO. DHR22RT3A .•15-1 B

ffi

~
§

NOTES ~ 1/7.
G) w '"~ if... 'ill

COMMENTS:
ALL ANGLES \'!E'ASlJRED FR()I,lCQRE AXIS AT ZERO DEG<~EES, UNLESS O!HERVllSE NOlED.
\liE iJl\TA fCR TnE CENTER CQ.,U\;'<t'.ND-cv.SSIFJCATICtlNKJ PHYSIC\!. cct;c·mr~s· CQ.,LiMN ARE BASfD ON BURF..AUCFr<E:CUMATlCN GEOlOGY FlELD VANUAL
IIND DAAWINGS mU:D fCR DE5!0Ns AND SPECIf1CA ncss A3 FOlLOWS. DRAWrUG NO. ,1().0.(;49J, STANDARD OESCRIPilONS AND DESCRIPTIVE CRlTERJA FOR ROCK
DRAWING NO: .1Q..i).M!l9. STf-NDARD DESCRIPTORS AND DESCRIPTIVE. CR1IF.HJA FOR DISCONl1NUfT1ES.

,...--

- 15
10---

tOO
2J1-f.--

-
- 4

<5-'-

- 96

-
45-f--

- 22
f--

sc- 100-
-

- tOO

'?c~ Ii:

ViIf>

~0>= d 4i1 "" CLASSIFICATION AND
~.. ~~

./ ~~. r.!
. :..: ~;') i! PHYSICAL CONDITION

UJ ~ ;;:1 ~
",,"' 2~ 9 ~ ~-z :5

u!18 ••
~ sC

0.0.2.5 QUATERNiIRY .o'UJ.MUM lQaIr.

~n 0.0 T02.SFT.ClAYEYS •.•.ND(SC~ ABOUT80%
.-!!l!lL SS

ANE SAND: ABdJT2O% FtiES WITH MEDlllM
TO HIGH PLAS11CrrY, MEDIUM TOUGHNESS

~ ~OO1~'" AND MEDIUM DRYSTRENG'TH; GREY, NO

.~ REAC'IlCN WITH Hct.

2.$ TO 60.' TERllAA'i' NACIMIENTO
FORMAnON.

2.5 TO 5.0 FT SANOSTONE: MODE."A TELY
WEATHf:REO ~15). SOFT (116). GREY IN
CGlOR. rlNE. GRAINED. NO REACl1ctI WITH
HCL.

ctSiNE. 5.0 TO 25.2 FTUAYSTCNE: INTENSELY
wEATh£RI:O rtl'T). SOFT (~IO);UGl-fT GREY TO
DARK CoREY IN COLOR. GYPSUM VEiNS NIJ
l''OOULES.IRONOliJDESTAlNlNG
ThROUGHOUT. 1 GAllON BAG SAVPLE
COllECTED FRCM AUGER cvrnNG FRQA 2.5
TO 6.0 FT FOR CORROSION TESl'lNG

JOINT MEASUHEMEJllTS:
OEPTIi [NeL R W 0 T HLINFILUNG
13.1 80 4 1 , 6 F'!Ox

(;94t-? 13.4 40 4 1 1 6 r"lO><
1H 65 4 1 i 6 F~

sa 25.2 TO 31.6 FT SANOS'1'ClN€: Sl.lGHIl v
WEATriEREO (VI3}, HARD (~;9). GREY IN
ca.rn. FiNE GRAINED. rlO REACTiON WITH
HCL

Tn
1'$34.6

3Ui T048.0FTa.AYSTCNE: INTENSELY
W€A'TriERED ~/T). SOFT (H6), LIGHT GREY TO
DARK GREY IN co.ca GYPSUM VEINS Ai'V
NaJULES. IRON OXDE STAINING
ThROUGHOUT .

.18.oro 60.8 SANOSTCNE: MQOERATELY
WEAn,ERED (VIS). seer (H6). GHEV IN
CCt.OR. FINE GRAINeD. NO REAcnON WITH

CLSTNE HCL



SHEET t OF 1GEOLOGIC lOG Of DRILL HOLE NO, DHR22RT3A-1S-3B
STATE: NEW MEXICO

GROUND ELEVA nON; 0965.3

ANGLE FROM HORIZONTAL: - so

HOLE LOGGED 0'(; C. SEVER
REVIEWEO BY,

PROJECP. N,WAJO GA!.lUP WATER SUPPlY PROJECT

COORDINATES: N 1,967,39t.8 E 2,nt.49'.8

TOTAL OEPm: 40.7

DEPTH TO eeOROCK: 2.0

Fi:ATURE: REACH 228

lOCATION; REGUlATING TANK TANK3A

BEGuN: :li14l15 FINISHED: Sl14ItS

OEPnl OF WATER ~"veL;
DATE MEASURED: -3I1d12015

~

LAOORAIORY DATA z t;: 'At=
~Q '"

~~ ~s ~~
§I;j

0""- d CLASSIFICATION AND
NOTES·

UI _I s ~I-
•....;j

:a '" !II
.u ~!& '" PHYSICAl CONDITIONa 5 lJl 0
~ ~

-~~
?; ~~/!2:; ~ ~~

0'" 0 ~!:;u:. !II e ~z ~j .J
0 s ~8 '"~ :;eo ~ :!- a. 0 \'5

AlL MEASUREMeNTS ARE FROM
GROUND SURFACE AND ARE T1HESAME
AS lHOSE USED BY mE DRft..lER.

AU.MEASUIlf.MENTS ARE REPORTED ~'1
FEET EXCEPT WHERE NOTEIi

DRIllED BY: U.C. REGION DRltt CREW:
DRIlLER: JEFF VAN AUSOAl..HELPERS;
KYtEKILLEflREW. STEVE CCCHRAN.

PI.JRPOSE·
PRECGlSlRUCTlCIII SC«. AND BEDROCK
fQUNOAl100 lNVES11GAl1aN~k

ORlll EQUJPMENf:
CMC 850 lRAcK MOUNTED DRILL RIG .

DRILL MErnOO;
.0.0·5.74 114INCH HOLLOW STEM AUGER
WITl-t CAUFOf'M SAMPlER. REACHED
A\,.'GSR REi'USAi. AT 5.7 FT. SWICHEO TO
CCRlNGSEltJP.
sr -40.7 FTH$ WIRElINE C<lRING
SYSTEM WITH A3' SPLIT ME SAMPLER
"NO IJlAMCl<iD SURFACE· SET ElIT.

CASING RECORD:_
NONe USED

5--- !REFUSAl

- 100

ClST

100

15--
DRllU\iG MEDIUM:
0.0.5.7 FT .DiE USED
5.1".40.1 FT. WATER

~a~~t~~~~~~~.lIAAlEO

INTERMIfTENT PURPlE seers, IN1ENSa Y
WEAlHERED CN71 AND SOFT (Hti) COResnocs TO SAMPlER. VERYOIFFlCULTTO
REMCM:. SAMPl.EFAlLSAPARTUPCiN
REMOVAl FROM SPIlT SPOCN.

25.7 TO 29.2 FT SANDSTONE: FINE G'VJNED
(""'.. ARGilLACEOUS. TAN TO GREY IN COlOR.

MOOERA1EL Y SOFf{H51 SUGH!1LY
ClST """''' WEAIHEi'lED CN3}. nill'••••Y TO MOOEAA1JiilY

8EDOEO, NO RtAC1100Wfm HCL

S$ - 29.2 TO 40.7 FT CLAYSON!.': IAVINATED TO
miNLY 8EOOED. DARK GREY TO BLACK IN
COLeR SUGHll YWEAltiEREO (WO) AND

f--"r~=-l'-l MOOERA TELY SOFT (H5) CORE STlCKS TO
SM/PlER. VERY DIFFlCUL T TO REMOVE.
SAMPLE F~.LlS APARTUPOO REMOVAL FRCM
SPLITSPOCN. INTERMITTENT
SILTSTONEJSMDSTOOE NI'ERBEOS 0.1 FT
niiCK.

HOLE W.IPlE1lON:
AACKAti.EO wm~ DRlLl BENroNrrt:.

oeSERVAT!ONWELl INSTALLED 8GS:
NCfojEUSEO

III
S$

22

-100

STRAnGRAPHY:
0.0·2.0 FT QUATERHAAY AU.lNlUM (QaI)
2.0.40.1 FTTERllARY NACIMIENTO

FORMATION

100

Clsr

100

BOTTOM OF HOLE

COMMENTS:

IllL ANGlES MEASURED FROM CCflE AXIS AT ZERO PE~.ES. UNLESS OTHER\"IISE NOTED.
rne DATA rOR ThE CEi'lTER <XlLUMN A'IO'Ct.ASS!rtCATICN .• NO PHYSICAL coND..T.cN5' CCWMN ARE B.~E9 CN BUREAU OF RECLAWATlON GEa.OGY F1ElD MANUAl
N'lD DRAWINGS rm.eo FOR OE81GNS ANO'8PECiF1Cf\l1CMl A8 FCUO'NS. DRA\'VlNGf;'O.40-{).G.493.STANDAPO OCSCRlf>!1ONS IIN!) DESCrot"T1\I'E CRlTEHIA FOR ROCK.
DflAWING NO. 4().D-0499. STANDARD DESCRIPTORS !'ND OESCRIPl1VE CRIl'ERlA FDR DlSCCNT1NUI11ES.



PROJECT: NI>,VAJO GALLuP WATER SUPPLY PROJECT
COORDINATES: N ~M7,3~.9 E <.121,535,2

TOTAL DEPill: ,iQ,7
OEfill TO BEDROCK: 1,2

STATe: NEW MEXICO

GHOUNO ELEVA nON: 61&5.5

,\NGlE FROM HORIZONTAL: 90
HOtE tOGGED BY: C, BEYER •

R;::VIEWEO BY:

SHEET j OF 1GEOLOGIC LOG OF DRILL HOLE NO. DHR22RT3A-15-4B
FEi\nJRE:· REACH Z2B
LOCATiON: REGULATlOO TANK TANKJA

aeGUN; 3111115 fiNISHED: 3/11/15;

DEPTH OFWATER tEVEL:

I)ATEMEASUREO: 311112015

NOTES

ALL MEASUREMENTS ARE FRCM
GROtJNO.$URFACE AND ARE TIlE SAMe
AS THOSE USED BYil;E DRILLER.

.All MEASlJREMENTS ARE REP<RIED IN
fEET EJ(cEPrWHalE NO'fED.

DRit,LEO BY: U.C. REGION DRIlL CBE'N;
DroUER; Jl!FFVAN AUSUAL, HELPEIw.
KYI.E KltLEBREW, SlEVE COCHRAN.

PVI~E:
PREWi$TRu("'TION SOIl. AND BEDROCK
FOIJNOA1lON INVESllGA 1lCl'lS •.

Of!lLL EQuiPMENT':
o.1e &50 TAACK MOUNilill DRlU RIG

OfW. ME'JH:lD:
OJ) ·4117 1"1 HOO WIRELlNE CORING
SYSTEM WflH 1\ 3,' SPlJTruSE SAMPLER
AND 01AMCX'lOSURfACe. SET BIT.

CASINGRECORD:
NONEUSEO

DRIWNG MEOil.JM:
O.O-4Q.1FT. WATER

HQ.E CW.PLE'nCN:
AACl<F1lLED WIll11lRlLL CUTnNGS
AND IlENTONnE

06SERVA11ON WELL INSTALLED 6GS:
NONE US EO

II)

It LABOAATORYDATA z
"'
~

1>:0
:r: !:: ~

0;:... ,d :i ~~ ~~fil <tI. C

~
:J u~ ~w ol!tQ' ~ l~

l ~ ~~
:e: \1!Z j~8 ;;: $I, ~8,~ ~t :it' ~ .•. '"

5--

15--

,50-
-

:1S--
-

100

BonOM OF HOLE

G.O• 2.2 QUATERNARY AUIMUM (Ool):

Oilf (Cll> O.omZ.2FT, lEAN ClAYWIIHSA.'·JO(CL)S:
f--f_-"Ifit.i"",,,tl,,,-l<'1 ASOIJ!' ao% FlNO> WItH MaJ1UM JO HIGH

PtAS1lCIT'f, MEDlUM TOUGHNESS N-IO
MEDIUM OOY STRENGTH; ABOUT ZO% r:NE
SAND: GREY. NO REACnctl WITH HCL

2.2 TO 40.7 TERllARY NACIMIENTO
FORMATION.

2.2 TO 19.2 FT, ClAYSOl'lE; SANt)'(.
LA\'.lNATEOm1liINLYBEDDED, GRliYlN
ect.OR. II'llERMmENTP!IRPLESPOlS,
DECOMPOSED (;\I9);\NO VERY SOFT (H1) IN
TOP1.5FEET. BECW!:SVERVINIENSELY
WEATHERED \W8) AND SOFT (He) BELOW 1,5
FEET, ('-ORE SllCKS 1'0 SAMPLER. VERY
CIfFIClU roREMOVE,· SAMPLE FALLS
APARTUPCN REMOVAl FROM SPUT SPOON.

19.21029. i SANOSTONE: fll'£. GRAINED
ARGILlACEOUS. TAN 1'0 CREi IN COLOR.
SOFT (HI) MODEAATELY WEAll1ERED \W5),
MICACEOUS.fhINLYTO MODERATELY
BEDDED, NO REACTION wnH HCl.
SANDSTONE WASHED AWAY BY DRLL
RESULnNGlN~RECOVERY.

29.1 TO 30.2 FT ClAYST~: BLACK IN CClOR,
MCOEAATELVWEA1liEREO eNS), SOFT (HIll,
L~MINA1ED TOIlUNLV BEDDED, CYPSUM

I--.-""'W""'''-I VEINS AND IRON OXIDE CQNCRE'1lCNs..

COMMENTS;

ALLANG.ES MF.•••.SUREO FROM CORe AXIS AI' ZERO DECREES. UNtESS Q'T}lERWISE NOTED,
lHE DATA FOR THE CENTER cctuMN ANO"CLASSIFlCAllCtf AND PHYStCAl CONCITlCNS' COLlJI,lN ARE BASED eN aliPEAU CF RECt-WAl1CN GEClOGY FIELD MANUAL
AND OIiAWfNO$ 'fl'I1.EO FOR DESIGNS ANO 5PJ:ClfICA noss AS FOlLOWS- DRAWING NO. 4~93. S'fMlOAAD DESCRlP'TIONS AND DE<k.""fllPrlVE CRITERIA FOR ROCK.
m<l\WfNG NO, 4Q.l).64g<), sTANDARD OESCRJPTCRSAND OESCRlf>TIVECRTfERIA FOR IJISCONTlNUmeS.

CtSf

CLASSIFICATION AND
PHYSICAL CONDITION

Tn

30.2 i030.7 SANDSTONE: HAAD (H3)
SLIGNTL Y WEATHERED 1'0 fRESH (W2}.
MCOEAATELYaEOtJt::O. CREYINect.OR. NO
HEACTlCNWrTHHCL

30.7 TO 40.7 CLAYSTONE: SANDY, SCf'T(Hti}
IWENSEl Y TO MOC1::RATELY WEAll1ERED
(W6),G"fl'SUM VEINS, II'llERMlTJENf IRQN
OXIDEVEINS. DARK GREY TO.BLACK L'II
CCt.QR. lHiNLYTO MCOEAATELVBEDDEO.

STRAllGRAPHY:
M .~2 FT QtJATERNAAY Ml.!MUM (qaJ)
ZZ .44,7 FTTERllARY NN:IMlENTO
fORMAl1ON

55

cisr



GEOLOGIC lOG OF DRILL HOLE NO. DHR22RT3B·14-1 SHEET 1 OF 1

srAft;: NEW MEXICO

GROUND e:lEVATlON; $$9.5

ANGlE: fROM HQRIZONTAl: 90

HOle I.OGGf"D BY, C;. BEYER
Re:VIEW EO' BY:

PROJECT: NAVAJO GAlLUP W!HER SUf'Pl Y PROJECT
COORDINATI:S: N 1,961.529.4 E 2,721,538.0

TOTAL Oep1H: 60.0
OEPlli TO IlEOROCK: M

FEA T\JRE: REACH 228
LOCATION; RfGULAnNG TANK aa.

BEGUN: 1:1117114 fiNISHED: IZI2OII4.
OEPlli OF WillER LEVEL;

DAlE MEASUReD: 1212012014

>- lJ\B0RA1ORY DAiAeo 7- ....

l~

,. ~g .•.
:I: 8 •...

~1l5
0>-' ~ ~ CLASSIFICATION AND1-

"' rJ 2 lil'-
•...;3 ~tfu a: :;l ~ii:; ~ PHYSICAL CONDITION'IJ

<II 0

~
:Ial gi! 5~ ~a ,u·

~ '" "'0. liiz ofJ(5 ~ '5 5~ ~.~. s ~~ d
()

u, s ~8 '"
0"

~ ,;e' •• '$. a.. *
NOTES

0,0 TO 110.0TERTIARY NACIMIENTO
FORMI"TlON.

0.0 TO 30. 1 FT. ClAYStONE: st#:)V,
LAMNATEOTOlHINLY6eDOeD, Cl<EYIN
COleR, OECOMPOSED (W9) AND VERY so=r
(H7) IN TOP 1.5 FEET. BECOMES INfENSEL Y
WEATHERED CN7) TO MOOERAla Y TO
INTENSELvWEATHERED(W6)!\NO SOI'T (Ha)
I!'lTERMmENTIRQN OXIDE

.STAINING,OIr'ncUL rAUG£RlNG ABOVE 2M
FT, CCf£ STICKS TO SAMPleR. VERY
DIFFK:UL T TO REMOVE, SAI.',f>LE.FALLS
APART UPON REMoVAl FROM SPLfrSPOON
FRCM 2S.0 T030.0 FT.

30.1 TO sao SANDSTONE; FINE GRiIINEO.
ARGIllACEOUS. LIGHT GREY IN ca..OR.
MOOERA1<'LYSOFT(H5) INTENSELY TO
MOOERATEl Y WEA1lIERED (V/6). .
MOOERATEl Y IlEOOED, THIN CI.AVST(lNE·
INTF..RBEOS0.3 FTlrttCl<. NO R.EAC'n~ WITH
HCL -

39.0 TO 48.2 FT CLAYSctlE: SANOY.
LA.MINATED TOTHINL Y BEDDED. DARK GRl:'Y
IN COLeR, MCOERATElV WEA1l-lF.RE.O(\'-J5),
SOfT (Hi), INTERMITTENT !ROO OXIDE
STAINING, CCRE Sl1CKS TO SAWf'lER VEf('(
OIFFICUlTTOREM<NE. SAMPLE F.A.lLS
APART UPON REMOVAL fROI1 spur SPOON.

48.2 TO 55.0 FT SILTSTONE: UGHT GREY IN
COLCA, MOOERAla Y f'IAAD (HS); SUGHTL Y
WEAll'IEREO ~3). MQOERA!ELY BECOED,

Tn I-'-:;.:Z:~~~~!.tllilN ClAYSTCM: INTERBEDS, 0.2 FT1HICK.
NO REACnON wml HCL..

55.0'\0 60.0 SANDSTONE;;GREY IN cOLOR
MOOEAATEl Y HARD (1-14)TO '-'ODERATEl Y
SOFT (HS) SllGHTL ,(WEAThERED (W3),
MOOERA1ELYTOlH!CKLYBEOOED. NO
REACTION WITH HCL

"'.LL MEASUREr.'eml ARE FRCM
GRCUNOSURFACE ,\NOME lHE SAME
AS THOSE USED BYlHE DRIlLER.

N.L ~~EASUREMENTSARE REPORTED IN
fEETE.XCEPTWHERE NOTED,

DRillED BY: U,C REG10N DRILL CREW;
DRILLER: JEFF VAN AUSOAl. Ht1.PEHS;
KYlE KILLEBREW, JOE FROCTOR.

FtiRPOSE:
PRECONSmtJC'T1ON SOlI. AND BEDROCK'
i'OIJNOAl1ON INVf:5'flGAl1CNS. .

DRIlL EOUIPMENT:
CMS 85 lRACK MOO!'lTEO ~ILL RIG

DRIlL MS1}{C():
0.1)- 25.7 FT4114INCH HOlLOW 51E'"
AlJGER WITH CALlFORNl/\ SAMPlER
25.7 6<lOFTHCl3 WIREliNE CORING
SYSlEM WITH A 3' SPLIT TUllE SAMPLER
AND DtAMONO SURFACE. SET err,

CASING RECORD:
NONE USED

DRtLUNG MEDIUM:
0.0 - 25.7 FT. NONE USED
25.7·60.0 FT. WATER

IREFUSJI.I

ClST15- .

100
I<lE COMPtETlON:
13i\CKFIU..ED Willi ORJLL CVTl1NGS
AND BENTONITE.

100
Cl.ST

100

sus

sa_ 118

-
BOTTOM OF HOLE

COMMENTS:

}Ill AN<.'t.ES MEASURED FROM CORE AXIS AT ZERQDECRE.ES, UNlESS OfHERWISE NOTED.
'DiE DATA FOR TriE CENTER COLUMN AND·ClASSIFICA "CN AND PHYSICAL CONCmONS· ccx.utm AfIE BASED CN BUREAU OF RECL-'.MAllCt-1 G£OlOOY F1ELD MANUAl
AND OAAWtNGSrrn.EO FeR DESIGNS "',\;0 SPEClflCA TlONS M FOLLO'NS- DRA'l'v1NGNO. 40-0-6493. 5T}lN~O DESCR!P'1lCt-lS AND DESCRlPlTVE CRITERIA fOl~ HOCK.
DHAWING No.. 4O-0.<>4G9,STANDARD DESCRIPTORS AND OESCRlPllVE ClUl<'HIA FOft DISCONTlNutnES.



GEOLOGIC lOG OF PRilL HOLE NO. OHR22RT3B.15·2
FEA lURE:· REACH 226

lOCAT1ON: REGULAl1NG TANK 38

BEGUNr 1129115· FiNISHEo; 1I2S115
DEP1H OF WATER LEVEl.;

DATE MEASURED; 1!291?€HS

ALL MEASUREMENTS ARE FROM
GROUNDSIJRfACE ,,,,'lID AR€Uje SAME
AS THOSE USED BYTHE ORJlLER.

All MEASUREMENTS ARE REPORTED IN
FEET EXCEPT WHERE NOrEO,

DRIllED BY; V.C. REGION ORJlL dlEW;
OAA.L~~JO'i'Vl\N AUSOl\L, HELPERS;
K'I1.E KIUEBREW. J(''€ PROCTOR

PURPOSE:
PRfca>lSlRUC'l1ON SOIL /\NO BEDROCK
FC.lUN!JA l1GN INVES1TCA:llO'lS.

DRIlL EQUIPMENT:
eME 85 TRACK MOUNTED DRJll RIG

DRIlL MElltCJO:
0.0·40.7 FT HOl WlRalNE CORING
SYSlEM WffH A 3' SPlrr1\JBE Si\MPLER
/\NO OIAMONO SURFACE- SET aIT:

CASING RECClRQ
NOOEUSED

ORIl.lJN(,>MEDILM
0.0· 40.1 FT. WATER

IS--
-

HCt.E CWPlET.oN:
BACKfIlLED WITH DRILL {.'Vfl1NGS
AND BENTONITE.

·11}-

ilOTICfA OF HOLE

PROJ<'CT: ~AVAJO GALLUP WATER llUPPLY PRQJECT
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1.0 INTRODUCTION  
 

The Reach 21 is located to the north of the community of Huerfano, and just to the south of 

Huerfano Mesa.  Reach 21 includes 3 miles of approximately 20-inch HDPE pipe and includes a 

water treatment plant and two regulating tanks. 

2.0 SUMMARY OF INVESTIGATIONS  
 

In the Summer and Fall of 2014 the Upper Colorado Drill Crew and Four Corners Construction 

Office Geologists performed investigations within the water treatment plant footprint, three miles 

of Reach 21 pipeline alignment and regulating tanks 3A and 3B footprint to determine 

subsurface conditions.  Investigations included seventeen drill holes, fourteen test pits, and 

fourteen cone penetration test (CPT’s) holes.  Drill holes (DHR21-14-A, DHR21-14-B, DHR21-

14-C, DHR21-14-D, DHR21-14-E, DHR21-14-F, DHR21-14-G, DHR22B-14-129, DHR22B-

14-133, DHR22B-14-137, DHRT3A-15-1B, DHRT3A-15-3B, DHRT3A-15-4B, DHRT3B-14-1, 

DHRT3B-14-2, DHRT3B-14-3 and DHRT3B-14-4) were drilled using either a truck mounted 

Central Mining Equipment (CME) 85 drill rig or a track mounted CME 850 with a hollow stem 

auger with SPT sampler that drilled to depths ranging from 25.0 feet to 60.0 feet below ground 

surface. 

Test pits (TPR21-14-A through TPR21-14-G, TPR22B-14-131, TPR22B-14-132, TPR22B-14-

134, TPR22B-14-135, TPR22B-14-136, TPR22B-14-138 and TPR22B-14-139) were performed 

using a Case 580N Rubber Tire Backhoe, with a 2-foot wide bucket with teeth. Four Corners 

Construction Office Materials Lab performed one in-place density at six feet below ground 

surface in each test pit.   

Cone penetration tests (CPTR21-14-A, CPTR21-14-B, CPTR21-14-C, CPTR21-14-D, CPTR21-

14-E, CPTR21-14-F, CPTR21-14-G, CPT22B-14-38, CPT22B-14-39, CPT22B-14-40, CPT22B-

14-41, CPT22B-14-43, CPT22B-14-44 and CPT22B-14-46) were conducted by Pacific 
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Northwest Drill Crew personnel. CPT’s refusal ranged from 22.3 to 53.3 feet below ground 

surface.  Logs of exploration for drill holes, test pits and CPT’s can be found in Appendix 1. 

3.0 SITE GEOLOGY 
 

Reach 21 lies entirely within the Navajo section of the San Juan Basin, a section characterized by 

young plateaus, mesas, and dry-wash canyons presently being eroded in an arid climate.  

Quaternary Alluvium exists on the surface throughout most of Reach 21.  Alluvium ranges from 

about 28.3 to 49.3 feet below ground surface within the Reach 21 Water Treatment Plant.  

Claystone bedrock is located on the surface or within three feet of the surface at the Regulating 

Tanks 3A and 3B footprint.  The Nacimiento Formation is typically about 1,400 feet in thickness 

in this area of the San Juan Basin. Vegetation at the site is sparse, consisting of grasses, 

occasional sage and rabbit brush.  

3.1 Quaternary Alluvium (Qal)   
 

Quaternary age alluvium deposits (Qal) overlie bedrock throughout most of Reach 21.  The 

alluvium is derived from a variety of sources including eolian and alluvial deposition. 

Quaternary age alluvium is used to describe all unconsolidated surficial deposits along the 

alignment regardless of origin.  Alluvial soils range from predominantly silty sand (SM), to 

clayey sand (SC), and occasionally lean clay with sand (CL)s.  Within the sand washes, the 

alluvium generally is classified as a poorly graded sand with silt (SP-SM) and silty sand (SM).  

These deposits occasionally contain a component of fine gravel. For more detail, see specific 

geologic logs in Appendix 1. 

 

3.2 Tertiary Nacimiento Formation (Tn) 
 

The Nacimiento Formation (Tn) underlies the alluvium and was encountered in drill holes at 

depths ranging from 0.0 to 49.3 feet within the Reach 21 Water Treatment Plant footprint and 

pipeline alignment and encountered within two feet of the surface within the footprint of 
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Regulating Tank 3A and 3B.  It consists predominately of sandstone with interbedded siltstone 

and claystone.  Sandstone is fine to coarse grained soft (H6), intensely weathered (W7) and color 

transitions between brown, orange, grey, and yellow.  Sandstone can contain occasional 

conglomeratic zones with subrounded to subangular fine gravel, and mud rip up clasts.  Siltstone 

is grey to brown in color, very soft (H7) to moderately hard (H4), slightly weathered (W3) to 

intensely to moderately weathered (W6).  Claystone is dark grey to brown in color, very soft 

(H7) to soft (H6), decomposed (W9) to intensely weathered (W7).  Siltstone, claystone and 

sandstone are typically laminated to thinly bedded and can contain occasional carbon inclusions, 

gypsum and calcite veins with iron or manganese oxide staining. 

4.0 STATION TO STATION GEOLOGY 
 

Reach 21 Water Treatment Plant Investigations 

Stations 23151+10 to 23158+20 Qal   

 Drill hole DHR21-14-A encountered alluvium to a depth of 39.8 feet below ground surface. 

Alluvium consisted of silty sand (SM), poorly graded sand (SP), clayey sand (SC), and lean clay 

(CL).  Standard penetration tests (SPT’s) were conducted and recorded blows per half foot in 

depth.  Blows ranged from 3 to 23 blows per half foot. Bedrock was encountered at 39.8 feet and 

consisted of interbedded claystone and sandstone.  The claystone is unfractured (FD0), very 

intensely weathered to decomposed (W8-W9), very soft to soft (H6-H7).  Sandstone encountered 

is moderately to intensely weathered (W5-W6), moderately hard to moderately soft (H4-H5). 

Drill hole DHR21-14-B encountered alluvium to a depth of 49.2 feet below ground surface. 

Alluvium consisted of poorly graded sand with silt (SP-SM), poorly graded sand with gravel 

(SP-SM)g,  poorly graded sand (SP), clayey sand (SC), poorly graded sand with gravel (SP)g, 

sandy lean clay s(CL) and poorly graded sand with silty clay and gravel (SP-SC)g.  Bedrock 

encountered consisted of claystone.  Claystone is very intensely weathered (W8) and very soft 

(H7).   

Drill hole DHR21-14-C encountered alluvium to a depth of 49.3 feet below ground surface.  

Alluvial material encountered consisted of silty sand (SM), clayey sand (SC), lean clay (CL), and 
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poorly graded sand (SP).  SPT’s ranged from 4 to 26 blows per half foot.  Bedrock encountered 

at 49.3 feet consisted of conglomeratic sandstone.  The sandstone is moderately to intensely 

weathered (W5-W7), moderately soft to soft (H5-H6).  Bedrock contains very hard (H2) 

subrounded to subangular gravel-sized clasts with a maximum size of 70 mm.  

Drill hole DHR21-14-D encountered alluvium to a depth of 46.7 feet below ground surface.  

Surficial materials encountered include silty sand (SM), poorly graded sand (SP) and clayey sand 

(SC). SPT’s ranged from 4 to 39 blows per half foot.  Bedrock was encountered at 46.7 feet in 

depth.  Bedrock consisted of a fine to medium grained sandstone. Sandstone is moderately to 

intensely weathered (W5-W7), and moderately soft to soft (H5-H6).   

Drill hole DHR21-14-E encountered alluvium to a depth of 49.2 feet in depth below ground 

surface.  Materials encountered within alluvium include silty sand (SM), clayey sand (SC), 

poorly graded sand (SP) and lean clay (CL).  SPT’s ranged from 2 to 32 blows per half foot.  

Bedrock encountered at 49.2 feet in depth consisted of sandstone. Bedrock is moderately to 

intensely weathered (W5-W7), and moderately soft to moderately hard (H4-H5).  Sandstone 

contains a trace of very hard (H2) subrounded to subangular quartzite and granite gravel-sized 

clasts with a maximum size 40 mm. 

Drill hole DHR21-14-F encountered alluvium to a depth of 43.8 feet below ground surface.  

Alluvial material consisted of silty sand (SM), poorly graded sand with silt (SP-SM), poorly 

graded sand with silt and gravel (SP-SM)g, and clayey sand (SC).  SPT’s ranged from 3 blows 

per half foot to 50 blows (refusal).  Bedrock consisted of a fine to medium grained sandstone 

with clay rip up clasts.  The sandstone is moderately to intensely weathered (W5-W7), and 

moderately soft to soft (H5-H6).     

Drill hole DHR21-14-G encountered alluvium to a depth of 28.3 feet below ground surface.  

Surficial materials included silty sand (SM), clayey sand (SC), lean clay (CL), and poorly graded 

sand with silt (SP-SM).  SPT’s ranged from 5 to 50 blows (refusal) per half foot.  Bedrock 

encountered at 28.3 feet and consisted of a fine to medium grained sandstone.  Sandstone is 

moderately to intensely weathered (W5-W7), moderately soft (H5), and thinly bedded to 

laminated.          
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A total of seven test pits (TPR21-14-A, TPR21-14-B, TPR21-14-C, TPR21-14-D, TPR21-14-E, 

TPR21-14-F and TPR21-14-G) were excavated within Reach 21 footprint in the Summer and 

Fall of 2014, using a Case 580 N rubber tire backhoe.  The backhoe used a 2-foot wide bucket, 

with teeth.  In place density tests were conducted in each pit at approximately 6.0 feet in depth.  

Corrosion samples were collected at about 10.0 feet and were sent to Denver’s Technical 

Services Center (TSC) for analysis.  Test pit TPR21-14-A encountered clayey sand (SC), silty 

sand (SM), and lean clay (CL) down to 12.1 feet and was discontinued due to limit of equipment.   

Test pit TPR21-14-B encountered clayey sand (SC) and silty sand (SM) down to 14.8 feet. Test 

pit TPR21-14-C encountered silty sand (SM) down to 14.0 feet and was discontinued due to limit 

of equipment. Test pit TPR21-14-D encountered silty sand (SM) and poorly graded sand with silt 

(SP-SM) down to 14.2 feet.  Test pit TPR21-14-E silty sand (SM) down to 13.0 feet. Test pit 

TPR21-14-F encountered alluvium consisting of silty sand (SM) and poorly graded sands with 

silt (SP-SM) down to 14.9 feet.  Test pit TPR21-14-G encountered silty sand (SM) down to limit 

of equipment at 14.9 feet.    The in place unit weight in all test pits ranged from 77.8 to 112.2  

lbs. / cu ft. Test pit TPR21-14-D had a low dry in place unit weight of 77.8%. Further 

information regarding specific test pit laboratory results can be found in Appendix 2 and specific 

logs in Appendix 1. 
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Photo of Four Corners Construction Office Lab Technician Taking an In-Place Density In TPR21-14-B. 

Reference Image Only.                  Photo Taken By C. Beyer on 10/14/2014. 

Seven cone penetration test (CPT’s) holes were performed within the Water Treatment Plant 

footprint (CPTR21-14-A.1, CPTR21-14-B, CPTR21-14-C.1, CPTR21-14-D, CPTR21-14-E, 

CPTR21-14-F and CPTR21-14-G).  Depth to refusal ranged from 35.0 to 53.3 feet below ground 

surface. CPT holes CPTR21-14-A and CPTR21-14-C conducted resistivity surveys.  The table 

below indicates depth to refusal for each CPT hole.  Included in Appendix 1 are detailed logs of 

each CPT hole. 

REACH 21 CPT HOLE DEPTH TO REFUSAL (FEET) 

CPTR21-14-A.1 53.3 

CPTR21-14-B 50.7 

CPTR21-14-C.1 50.0 

CPTR21-14-D 46.4 
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CPTR21-14-E 41.0 

CPTR21-14-F 48.4 

CPTR21-14-G 46.3 

CPTR22B-14-38 35.0  

 

 

The remaining three miles of Reach 21 and regulating tank 3a and 3b included an additional 10 

drill holes (DHR22B-14-129, -133, -137, DHRT3A-15-1B, DHRT3A-15-3B, DHRT3A-15-4B, 

DHRT3B-14-1, DHRT3B-14-2, DHRT3B-14-3, DHRT3B-14-4),  7 test pits (TPR22B-14-131, -

132, -134, -135, -136, -138, -139) and 6 cone penetration tests (CPT22B-14-39, -40, -41, -43, -

44, -46).  

Reach 21 Pipeline Investigations  

Stations 23158+20 - 23282+00 Qal 

 Drill Hole DHR22B-14-129 was drilled to a depth of 25.0 feet entirely through alluvium.  

Alluvium consisted of silty sand (SM), poorly graded sand with silt (SP-SM) and clayey sand 

(SC).  Standard penetration tests ranged from 3 to 22 blows per half foot.  Drill hole DHR22B-

14-133 encountered alluvium from ground surface to a depth of 24.5 feet.  Alluvium encountered 

in DHR22B-14-133 consisted of silty sand (SM) and clayey sand (SC).  Standard penetration 

tests in DHR22B-14-133 ranged from 4 to 26 blows per half foot.  Drill hole DHR22B-14-137 

was drilled to a depth of 25.0 feet.  Alluvium was encountered in DHR22B-14-137 from 0.0 to 

4.5 feet and consisted of silty sand (SM).  Standard penetration tests in DHR22B-14-137 ranged 

from 6 to 50 blows per half foot.  Interbeded claystone and sandstone bedrock was encountered 

from 4.5 to 25.0 feet in DHR22B-14-137.  Bedrock consisted of claystone from 4.5 to 14.1 feet 

and was intensely weathered to decomposed (W8-W9) and moderately soft to soft (H5-H6).  

Sandstone was encountered from 14.1 to 16.6 feet in DHR22B-14-137 and was intensely 

weathered (W7) and moderately soft to soft (H5-H6).  Claystone was encountered from 16.6 to 

25.0 feet and was intensely weathered to decomposed (W7-W9) and moderately soft to soft (H5-

H6).   
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Test pit TPR22B-14-131 was excavated entirely within alluvium and encountered sandy lean 

clay s(CL) and silty sand (SM) down to 14.0 feet.  Test pit TPR22B-14-132 encountered alluvial 

materials such as poorly graded sand with silt (SP-SM) from ground surface to 16.0 feet in depth.  

Test pit TPR22B-14-134 encountered silty sand (SM) and clayey sand (SC) to a depth of 10.0 

feet.  Test pit TPR22B-14-135 encountered alluvium from 0.0 to 14.2 feet, and encountered silty 

sand (SM) and sandy lean clay s(CL) to a depth of 14.2 feet.  Test pit TPR22B-14-136 

encountered silty sand (SM) to 14.3 feet.  Test pit TPR22B-14-138 was excavated from 0.0 to 

14.0 feet.  Materials encountered include silty sand (SM) down to 14.0 feet.   

Cone penetrometer test holes (CPT22B-14-39, CPT22B-14-40, CPT22B-14-41, CPT22B-14-43, 

CPT22B-14-44 and CPT22B-14-46) varied in depth to refusal from 7.5 to 35.0 feet below 

ground surface. 

Regulating Tank 3A and 3B Investigations  

Stations 23282+00 to 23300+00 Qal/Tn 

Regulating Tank No. 3A  

Geological conditions at Regulating Tank 3A consist of claystone and sandstone outcrops of the 

Nacimiento Formation on the surface, with areas of thin alluvial cover. Interbedded sequences of 

sandstone, siltstone and claystone of variable thickness were encountered during drilling 

investigations.  Foundation investigations at the Regulating Tank 3A site included one test pit 

(TPR22B-14-139) and three drill holes (DHR22RT3A-15-1B, DHR22RT3A-15-3B, and 

DHR22RT3A-15-4B). Intact claystone core samples of eight inches or more ware wrapped with 

plastic and duct tape to preserve moisture, and packed in bubble wrap to be shipped for 

compressive strength testing. California samples were collected in select drill holes for and for 

expansion testing. Soil and decomposed bedrock samples were collected in select drill holes for 

corrosion testing. All samples were shipped to the Materials Engineering Research Laboratory 

(MERL) in Denver for analysis. 

Test Pit TPR22B-14-139 was excavated near the Regulating Tank 3A site and encountered 2.9 

feet of silty sand (SM) atop claystone bedrock. The claystone is dark grey in color, very soft 
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(H7) and very intensely weathered to decomposed (W8). The test pit was excavated to a total 

depth of 8.6 feet into claystone before reaching refusal. 

Drill hole DHR22RT3A-15-1B was drilled to a total depth of 60.8 feet and encountered 2.5 feet 

of clayey sand (SC) atop Nacimiento Formation bedrock. Sandstone was encountered from 2.5 to 

5.0 feet. The sandstone is fine grained, moderately weathered (W5), soft (H6), grey in color and 

had no reaction with HCl. Claystone was encountered from 5.0 to 25.2 feet. The claystone is 

intensely weathered (W7), soft (H6), light to dark grey in color, with gypsum veins and iron 

oxide staining. Sandstone was encountered from 25.2 to 31.6 feet. The sandstone is fine grained, 

slightly weathered (W3), hard (H3), grey in color, and had no reaction with HCl. Claystone was 

encountered from 31.6 to 48.0 feet. The claystone is intensely weathered (W7), soft (H6), light to 

dark grey in color, with gypsum veins and iron oxide staining. Sandstone was encountered from 

48.0 to 60.8 feet. The sandstone is fine grained, moderately weathered (W5), soft (H6), grey in 

color and had no reaction with HCl.  

Drill hole DHR22RT3A-15-3B was drilled to a total depth of 40.7 feet and encountered 2.0 feet 

of clayey sand (SC) atop Nacimiento Formation bedrock. Claystone was encountered from 2.0 to 

19.0 feet. The claystone is sandy, laminated to thinly bedded, grey in color, with intermittent 

purple spots, decomposed (W9) and very soft (H7) in top 1.5 feet, intensely weathered (W7) and 

soft (H6) below the top 1.5 feet. Sandstone was encountered from 19.0 to 34.9 feet. The 

sandstone is fine grained argillaceous, tan to grey in color, soft (H6) moderately weathered (W5), 

micaceous, thinly to moderately bedded with gypsum veins, and no reaction with HCl. Claystone 

was encountered from 24.9 to 25.7 feet. The claystone is sandy, laminated to thinly bedded, grey 

in color, intensely weathered (W7) and soft (H6). Sandstone was encountered from 25.7 to 29.2 

feet. The sandstone is fine grained argillaceous, tan to grey in color, moderately soft (H5) 

slightly weathered (W3), thinly to moderately bedded, no reaction with HCl. Claystone was 

encountered from 29.2 to 40.7 feet. The claystone is laminated to thinly bedded, dark grey to 

black in color, slightly weathered (W3) and moderately soft (H5) with intermittent siltstone and 

sandstone interbeds 0.3 feet thick. 

Drill Hole DHR22RT3A-15-4B was drilled to a total depth of 40.7 feet. 2.2 feet of lean clay with 

sand (CL)s was encountered atop Nacimiento Formation bedrock. Claystone was encountered 

from 2.2 to 19.2 feet. The claystone is sandy, laminated to thinly bedded, grey in color with 
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intermittent purple spots, decomposed (W9) and very soft (H7) in top 1.5 feet, intensely 

weathered (W7) and soft (H6) below the top 1.5 feet. Sandstone was encountered from 19.1 to 

29.1 feet. The sandstone is fine grained argillaceous, tan to grey in color, soft (H6) moderately 

weathered (W5), micaceous, thinly to moderately bedded, and had no reaction with HCl. 

Claystone was encountered from 29.1 to 30.2 feet. The claystone is black in color, moderately 

weathered (W5), soft (H6), laminated to thinly bedded, and contained gypsum veins and iron 

rich concretions. Sandstone was encountered from 30.2 to 31.7 feet. The sandstone is hard (H3) 

slightly weathered to fresh (W2), moderately bedded, grey in color, and had no reaction with 

HCl. Claystone was encountered from 31.7 to 40.7 feet. The claystone is sandy, soft (H6) 

intensely to moderately weathered (W6), dark grey to black in color, thinly to moderately bedded 

with, intermittent gypsum and iron oxide veins. 

Regulating Tank No. 3B 

Geological conditions at Regulating Tank B consist of claystone and sandstone outcrops of the 

Nacimiento Formation on the surface with areas of thin alluvial cover. Interbedded sequences of 

sandstone, siltstone and claystone of variable thickness were encountered during drilling 

investigations. Foundation investigations at the Regulating Tank 3B site included four drill holes 

(DHR22RT3B-14-1, DHR22RT3B-14-2, DHR22RT3B-14-3, and DHR22RT3B-15-4). Intact 

claystone core samples of eight inches or more ware wrapped with plastic and duct tape to 

preserve moisture, and packed in bubble wrap to be shipped for compressive strength testing. 

California samples were collected in select drill holes for and for expansion testing. Soil and 

decomposed bedrock samples were collected in select drill holes for corrosion testing. All 

samples were shipped to the Materials Engineering Research Laboratory (MERL) in Denver for 

analysis. 

Drill Hole DHR22RT3B-14-1 was drilled to a total depth of 60.0 feet. Claystone was 

encountered from 0.0 to 30.1 feet. The Claystone is sandy, laminated to thinly bedded, grey in 

color, decomposed (W9) and very soft (H7) in top 1.5 feet, becoming intensely weathered (W7) 

to moderately to intensely weathered (W6) and soft (H6) below, with intermittent iron oxide 

staining and no reaction with HCl. Sandstone was encountered from 30.1 to 39.0 feet. The 

sandstone is fine grained, argillaceous, light grey in color, moderately soft (H5) intensely to 

moderately weathered (W6), moderately bedded, thin claystone interbeds 0.3 feet thick, no 
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reaction with HCl. Claystone was encountered from 39.0 to 48.2 feet. The claystone is  sandy, 

laminated to thinly bedded, grey in color, moderately to intensely weathered (W6) and soft (H6) 

with intermittent iron oxide staining and no reaction with HCl. Siltstone was encountered from 

48.2 to 55.0 feet. The siltstone is light grey in color, moderately hard (H5), slightly weathered 

(W3), moderately bedded. It had no reaction with HCl and thin claystone interbed, 0.2 feet thick.  

Sandstone was encountered from 55.0 to 60.0 feet. The sandstone is grey in color, moderately 

hard (H4) to moderately soft (H5) slightly weathered (W3), moderately to thickly bedded, and 

had no reaction with HCl. 

Drill Hole DHR22RT3B-14-2 was drilled to a total depth of 40.7 feet. Claystone was 

encountered from 0.0 to 28.1 feet. The claystone is decomposed (W9) and very soft (H7) from 

0.0 to 1.4 feet and intensely weathered (W7) and soft (H6) below 1.4 ft. It is grey in color, 

moderately bedded with intermittent gypsum veins, roots, iron oxide staining and no reaction 

with HCl. Siltstone was encountered from 28.1 to 28.6 feet. The siltstone is grey in color, 

moderately weathered (W5), soft (H6), thinly bedded, and had no reaction with HCl. Sandstone 

was encountered from 28.6 to 36.9 feet. The sandstone is grey in color, moderately weathered 

(W5) soft (H6) grey in color, fine grained, and thinly bedded. It became hard (H3) slightly 

weathered (W3) light grey, and moderately bedded, with gypsum veins and rounded mudstone 

clasts 20mm in diameter below 29.4 ft. Claystone was encountered from 36.9 feet to 40.7 feet. 

The claystone is moderately weathered (W5) and soft (H6) dark grey to black in color, 

moderately bedded and had intermittent gypsum veins, iron oxide staining and no reaction with 

HCl.   

Drill Hole DHR22RT3B-14-3 was drilled to a total depth of 60.0 feet, and encountered claystone 

from 0.0 to 30.1 feet. The claystone is sandy, laminated to thinly bedded, grey in color, 

decomposed (W9) and very soft (H7) in top 1.5 feet, becoming to moderately to intensely 

weathered (W6) and soft (H6) below, with intermittent iron oxide staining and no reaction with 

HCl. Sandstone was encountered from 30.1 to 39.0 feet. The sandstone is fine grained, 

argillaceous, light grey in color, moderately soft (H5) intensely to moderately weathered (W6), 

moderately bedded, thin claystone interbeds 0.3 feet thick, and no reaction with HCl. Claystone 

was encountered from 39.0 to 48.2 feet. The claystone is sandy, laminated to thinly bedded, dark 

grey in color, moderately weathered (W5) soft (H6), with intermittent iron oxide staining. 
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Siltstone was encountered from 48.2 to 55.0 feet. The siltstone is light grey in color, moderately 

hard (H5) slightly weathered (W3), and moderately bedded, with thin claystone interbeds 0.3 feet 

thick and no reaction with HCl. Sandstone was encountered from 55.0 to 60.0 feet. The 

sandstone is grey in color, moderately hard (H4) to moderately soft (H5), slightly weathered 

(W3), moderately to thickly bedded, and had no reaction with HCl. 

Drill Hole DHR22RT3B-15-4 was drilled to a total depth of 40.3 feet, and encountered claystone 

from 0.0 to 29.4 feet. The claystone is sandy, laminated to thinly bedded, grey in color, 

decomposed (W9) and very soft (H7) in top 1.5 feet, becoming to moderately to intensely 

weathered (W6) and soft (H6) below, with intermittent iron oxide staining and no reaction with 

HCl. Siltstone was encountered from 29.4 to 29.7 feet. The siltstone is grey, moderately soft 

(H5), moderately to slightly weathered (W4), and had no reaction with HCl. Sandstone was 

encountered from 29.7 to 33.5 feet. The sandstone is grey to tan in color, fine grained, soft (H6) 

moderately to slightly weathered (W4), thinly bedded, and had no reaction with HCl. Claystone 

was encountered from 33.5 to 34.2 feet. The claystone is grey in color intensely weathered (W7), 

soft (H6), and moderately bedded with intermittent gypsum veins and iron oxide staining. 

Sandstone was encountered from 34.2 to 34.6 feet. The sandstone is grey to tan in color, fine 

grained, soft (H6) moderately to slightly weathered (W4), thinly bedded, and had no reaction 

with HCl. Siltstone was encountered from 34.6 to 36.3 feet. The siltstone is moderately hard 

(H4), slightly weathered to fresh (W2), grey in color, and had no reaction with HCl. Claystone 

was encountered from 36.3 to 40.3 feet. The claystone is grey in color, moderately weathered 

(W5), soft (H6), and thinly bedded, with intermittent iron oxide staining and no reaction with 

HCl. 

Additional drill holes were done at the original Regulating Tank 3A location. These holes were 

drilled east of the current Regulating Tank B site and include Drill Holes DHR22RT3A-14-1 and 

DHR22RT3A-14-4. Drill Hole DHR22RT3A-14-1 was drilled to a total depth of 60.0 feet. 

Claystone was encountered from 0.0 to 27.5 feet. The claystone is dark grey in color, and very 

intensely weathered to decomposed (W8-W9), and very soft (H7) near the surface and became 

moderately weathered (W5) and moderately soft (H5) with depth. Sandstone was encountered 

from 27.5 to 31.4 feet. The sandstone is light grey in color, fine to medium grained, laminated to 

thinly bedded, moderately weathered (W5), moderately hard (H4) and had no reaction with HCl. 
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Claystone was encountered from 31.4 to 50.0 feet. The claystone is dark grey in color, 

moderately to slightly weathered (W4) and moderately hard (H4). Siltstone was encountered 

from 50.0 to 59.7 feet. The siltstone is grey to dark grey in color, moderately to slightly 

weathered (W4), moderately hard to hard (H4-H3), and had no reaction with HCl.  

Drill hole DHR22RT3A-14-4 was drilled to a total depth of 40.0 feet, and encountered claystone 

from 0.0 to 8.6 feet. The claystone is dark grey in color, very intensely weathered to decomposed 

(W8-W9), very soft (H7) and had no reaction with HCl. Siltstone was encountered from 8.6 to 

9.2 feet. The siltstone is grey to dark grey in color, moderately to slightly weathered (W4), 

moderately hard (H4), and had no reaction with HCl. Claystone was encountered from 9.2 to 

29.8 feet. The claystone is dark grey in color, very intensely weathered to decomposed (W8-

W9), very soft (H7) and had no reaction with HCl. Sandstone was encountered from 29.8 to 30.9 

feet. The sandstone is light grey in color, fine to medium grained, laminated to thinly bedded, 

moderately weathered (W4), moderately hard (H4) and had no reaction with HCl. Claystone was 

encountered from 30.9 to 40.0 feet. The claystone is dark grey, moderately weathered (W5), 

moderately hard (H4), and had no reaction with HCl.  For further information see geologic logs 

in Appendix 1. 

5.0 GROUNDWATER OCCURRENCE  
 

In general, groundwater in the Reach 21 area was typically encountered at the base of the 

alluvium near the top of bedrock surface.  It also may occur sporadically in the Nacimiento 

Formation sandstone under perched conditions at fairly shallow depths. Groundwater was 

encountered in drill holes DHR21-14-A, DHR21-14-B, DHR21-14-C, DHR21-14-D, DHR21-

14-E and DHR21-14-F.  Water ranged from 38.1 to 43.5 feet below ground surface in these drill 

holes.  Groundwater was not encountered in drill hole DHR21-14-G when drilled to a depth of 

53.5 feet.  All water levels were measured at the time of drilling.  Groundwater was not 

encountered in any Regulating Tank 3A and 3B subsurface investigations at the tail end of Reach 

21. 
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6.0 GEOLOGIC CONSIDERATIONS  
 

Unconsolidated soils and intensely weathered to decomposed bedrock can be excavated using 

common methods.  Construction in low density soils will require excavations to be sloped 

sufficiently, to allow access.  Claystone of the Nacimiento Formation are often weathered and 

soft and will likely be excavated by ripper-equipped dozers and/or large excavators with 

adequate pullout force and appropriate teeth.  Rock weathering transitions out of decomposed 

(W9), and becomes less weathered within three feet from the top of the unit in sandstone and 

siltstone of the Nacimiento Formation.  
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SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS 
PROJECT:   NAVAJO GALLUP WATER SUPPLY PROJECT          FEATURE:   REACH 22B                  Page 1 of 1 

                                                    Drill Hole Number: DHR22B-14-129 
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SPT# 2 6.0 – 7.5 SP-SM 6.0 3.2 90.8 0 0 0 - NP - 2.65 - - - 2.4     

SPT# 3 8.5 – 10.0 SM 8.0 8.3 83.7 0 0 0 - NP - 2.62 - - - 3.0     

SPT# 4 11.0 – 12.5 SM 11.4 4.8 83.8 0 0 0 - NP - 2.65 - - - 2.2     

SPT# 5 13.5 – 15.0 s(CL) 32.6 21.8 45.6 0 0 0 32.6 16.2 - 2.60 - - - 8.8     
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SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS 
PROJECT:   NAVAJO GALLUP WATER SUPPLY PROJECT          FEATURE:   REACH 22B                  Page 1 of 1 

                                                    Drill Hole Number: DHR22B-14-133 
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SPT# 1 3.0 – 4.5 SC 16.9 13.0 70.1 0 0 0 21.7 7.3 - 2.60 - - - - 3.4 -   

SPT# 2 5.5 – 7.0 SC 23.0 14.0 63.0 0 0 0 27.4 14.0 - 2.64 - - - - 5.4 -   

SPT# 3 8.0 – 9.5 SM 15.9 10.9 73.2 0 0 0 - NP - 2.63 - - - - 3.8 -   

SPT# 4 10.5 – 12.0 SM 15.4 9.5 75.1 0 0 0 - NP - 2.65 - - - - 3.5 -   

SPT# 5 13.0 – 14.5 SM 13.4 9.9 76.7 0 0 0 - NP - 2.65 - - - - 2.8 -   

SPT# 6 15.5 – 17.0 SM 17.1 10.9 72.0 0 0 0 - NP - 2.66 - - - - 3.6 -   

SPT# 7 18.0 – 19.5 SP-SM 5.0 3.8 91.2 0 0 0 - NP - 2.66 - - - - 1.8 -   

SPT# 8 20.5 – 22.0 SP-SM 5.0 6.6 88.4 0 0 0 - NP - 2.64 - - - - 1.7 -   

SPT# 9 23.0 – 24.5 SM 16.5 10.4 73.1 0 0 0 - NP - 2.63 - - - - 4.0 -   
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                                                    Drill Hole Number: DHR22B-14-137 
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SPT# 1 3.5 – 5.0 SM 10.8 12.8 74.7 1.7 0 0 - NP - 2.65 2.52 - 3.3 2.6 -    

SPT# 2 6.0 – 7.5 s(CL) 36.9 29.7 33.4 0 0 0 39.3 24.2 - 2.57 - - - 9.2 -    

SPT# 3 8.5 – 10.0 CL 37.7 49.4 12.9 0 0 0 41.8 26.3 11.0 2.57 - - - 10.2 -    

SPT# 4 11.0 – 12.5 CL 37.2 53.9 8.9 0 0 0 41.7 20.6 11.2 2.58 - - - 10.4 -    

SPT# 5 13.5 – 14.3 s(CL) 34.8 28.8 36.4 0 0 0 33.8 19.9 - 2.60 - - - 7.7 -    
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NOTE:  Numbers in parentheses are metric equivalents of numbers directly above. 
         *Denotes In-place density and 5-point curve. 
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TPR22B-14-131 6.0 SM 11.0 6.2 82.8 0 0 0 NA NP - 100.7 3.0 - 2.67 110.3 13.4 - 91.3 

TPR22B-14-132 6.0 SM 8.0 11.2 80.8 0 0 0 NA NP - 96.2 3.0 - 2.64 113.8 11.8 600 84.5 

TPR22B-14-134 6.0 SC 26.7 12.3 61.0 0 0 0 25.0 9.7 - 108.1 6.5 - 2.66 115.7 12.8 520 93.4 

TPR22B-14-135 6.0 SM 17.4 21.7 60.8 0.1 0 0 NA NP - 93.0 4.1 2.55 2.63 118.5 11.5 - 78.5 

TPR22B-14-136 6.0 SM 8.0 6.5 85.5 0 0 0 NA NP - 97.7 2.4 - 2.64 107.1 13.1 433 91.2 

TPR22B-14-138 6.0 SP-SM 6.5 2.6 90.9 0 0 0 NA NP - 100.7 2.4 - 2.65 107.2 12.0 - 93.9 
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PROJECT:   NAVAJO GALLUP WATER SUPPLY PROJECT          FEATURE:   REACH 21WTP                 Page 1 of 1 
                                 TPR21-14-A,B,C,D,E,F,G 
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TPR21-14-A 6.0 SC 24.4 23.7 51.9 0.0 0.0 0.0 25.3 8.1 - 105.4 4.6 - 2.70 104.4 12.2 245.0 101.0 - 

TPR21-14-B 6.0 SP-SM 6.5 3.7 89.8 0.0 0.0 0.0 NA NP - 96.7 2.5 - 2.66 104.4 - - - 92.6 

TPR21-14-C 6.0 SM 12.0 7.6 80.4 0.0 0.0 0.0 NA NP - 103.8 4.3 - 2.63 112.5 12.5 380 92.3 - 

TPR21-14-D 6.0 SM 9.2 5.5 77.3 8.0 0.0 0.0 NA NP - 77.8 3.0 2.18 2.64 120.0 11.2 1000.0 64.8 - 

TPR21-14-E 6.0 SP-SM 3.5 1.7 94.8 0.0 0.0 0.0 NA NP - 99.8 1.9 - 2.65 102.2 15.0 - 97.7 - 

TPR21-14-F 6.0 SM 7.0 8.1 84.9 0.0 0.0 0.0 NA NP - 100.1 2.1 - 2.64 110.9 - - - 90.3 

TPR21-14-G 6.0 SP-SM 7.2 4.4 84.8 3.6 0.0 0.0 NA NP - 112.2 2.3 2.20 2.63 115.8 12.5 625.0 96.9 - 
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NOTE:  Numbers in parentheses are metric equivalents of numbers directly above. 
         *Denotes In-place density and 5-point curve. 
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TPR22B-14-131 6.0 SM 11.0 6.2 82.8 0 0 0 NA NP - 100.7 3.0 - 2.67 110.3 13.4 - 91.3 

TPR22B-14-132 6.0 SM 8.0 11.2 80.8 0 0 0 NA NP - 96.2 3.0 - 2.64 113.8 11.8 600 84.5 

TPR22B-14-134 6.0 SC 26.7 12.3 61.0 0 0 0 25.0 9.7 - 108.1 6.5 - 2.66 115.7 12.8 520 93.4 

TPR22B-14-135 6.0 SM 17.4 21.7 60.8 0.1 0 0 NA NP - 93.0 4.1 2.55 2.63 118.5 11.5 - 78.5 

TPR22B-14-136 6.0 SM 8.0 6.5 85.5 0 0 0 NA NP - 97.7 2.4 - 2.64 107.1 13.1 433 91.2 

TPR22B-14-138 6.0 SP-SM 6.5 2.6 90.9 0 0 0 NA NP - 100.7 2.4 - 2.65 107.2 12.0 - 93.9 
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