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Introduction

Fugro Consultants, Inc. is pleased to submit the results of a geotechnical exploration
program performed for the above referenced project. Fugro's services were performed in

general accordance with our Proposal No. 04.10040125, dated June 23, 2008, and were
authorized by CH2M Hill's Purchase Order No. 928688, dated October 2, 2008.

Fugro previously performed a reconnaissance investigation of the site. The findings of
that study were presented in our Report No. 04.10040125, dated October 13, 2005. That
investigation included the drilling of three exploratory borings (Borings 1 through 3). The scope
of that study was limited to: the drilling and sampling of the borings, performing downhole packer
tests, developing detailed boring logs, photographing the cores, and developing a data report.
Additional efforts were to be provided as part of that study; however, CH2MHill provided written
notice to stop work on the project before the additional work was done.

In 2008, Fugro was authorized to perform the final geotechnical data study. This report

presents the information developed from the recent investigations, as well as the earlier
reconnaissance study.

Field Exploration

Site Location. The proposed site is located in Comal County to the southwest of New
Braunfels, Texas, as illustrated on a vicinity map on Plate 1. The site is on Dry Comal Creek to
the northwest of FM 482 and to the southwest of Krueger Canyon Road.

General. Prior to the commencement of drilling operations for the reconnaissance study
done in 2005, The Dean Word Company of New Braunfels was subcontracted to perform site

clearing operations to allow drill rig access to the boring locations. The reconnaissance borings
were drilled beginning September 19, 2005 and completed on September 30,2005.

The recent borings were drilled in two phases, initially from July 7 through July 15, 2008,
and then from October 13 through October 17, 2008. All boring locations were selected by

CH2M Hill with some minor field adjustments to allow for access. The coordinates and
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Project No. 04.10040125

elevations of the boring locations are shown on the logs and were provided by CH2M Hill. The
boring locations and elevations are also tabulated on Plate 2.

The reconnaissance field program consisted of three subsurface exploration borings.

The reconnaissance borings, designated Borings 1 through 3, were advanced to nominal depths
of 100 to 180 ft below the ground surface. Total footage explored was about 460 ft.

The recent field programs consisted of nine borings, designated Borings 4 through 12.

These borings were drilled and sampled to depths ranging from 30 to 146.5 ft; total footage
explored was about 691.5 ft.

Drilling and Coring. The borings were drilled with a truck-mounted rig equipped with the
following sampling tools: (1) continuous flight augers for advancing the holes dry and recovering

disturbed samples; (2) thin-walled tubes for obtaining undisturbed samples of cohesive strata
(ASTM D 1587), (3) split-barrel samplers and drive weight assembly for obtaining representative
samples and measuring the penetration resistance (SPT N-values) of non-cohesive soil strata

(ASTM D 1586), and (4) a double-tube NXB core barrel equipped with a diamond bit for core
samples (ASTM D 2113). As indicated on the logs, the vast majority of the sampling was
accomplished using the NXB core barrel in 5-ft runs.

Boring Logs and Sample Handling. During drilling and sampling, a record of field
observations was maintained in the form of field logs describing the visual identification of the
subsurface materials encountered, and other pertinent field data. The final boring logs for
Borings 1 through 12, thus developed, are presented on Plates 3 through 14, respectively. Keys
to Terms and Symbols Used on the Boring Logs are presented on Plates 15 and 16.

The SPT N-value is the number of blows of a 140-lb drop hammer falling 30 inches

required to drive the SPT sampler the final 12 inches of an 18-inch sampling interval. The blows
required for the first 6 inches of sampler penetration (seating) are usually not considered
representative of in situ densities due to the possible presence of loose material or cuttings from
the drilling operations. Failure to attain the initial 6 inches of sampler penetration with 50 blows is

generally referred to as refusal and is identified on the boring logs as "Ref' far the indicated
amount of sampler penetration. Where very dense material is encountered, the actual

penetration after the initial 6 inches seating of the sampler is recorded for a total of 50 blows.
The SPT N-values are included on the boring logs.

Samples of the underlying limestone were recovered from the site by continuously coring

in 5-ft runs. The percentage of material recovered was recorded. The Rock Quality Designation
(RQD)1 was also noted. The RQD represents the percentage of the recovered core in which the

individual pieces are longer than twice the diameter. The core recovery and the RQD values are

included on the logs and are also plotted versus elevation on Plates 17 and 18.

1 Deere, D.U. (1963) Technical description of rock cores for engineering purposes, Rock Mechanics and
Engineering Geology, Volume 1, p.18.
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After recovery, each sample was removed from the sampler, examined and visually

classified by Fugro's senior geotechnical technician. Field sampling and testing was performed

in general accordance with the applicable ASTM standards. The recovered cores were then

sealed, packaged, and transported to Fugro's San Antonio laboratory for further examination by

Fugro's geologist. The cores were also photographed; the photos are included in Appendix A

and on an attached CD.

Packer Testing. Unlined borehole double-packer tests were conducted in the limestone

in the three reconnaissance borings (Borings 1 through 3) after coring was completed. The

procedure consists of seating an inflatable rubber packer at the top and bottom of the test zone,

and pumping water into the test zone through a metering system. A constant pressure was

. applied to the water entering the test zone and maintained for a specified time period. Water

loss into the test zone was recorded. The test zone length was 10ft and the test duration ranged

from 2 to 7 minutes. Data and results are presented in a table in Appendix B. The test

procedure and calculations for hydraulic conductivity (k) are in general accordance with U.S.

Bureau of Reclamation procedures.

Borehole Completion and Piezometers. Borings 1 and 2 were completed as standpipe

piezometers in the upper 100 and 50 ft, respectively. Both of those boreholes caved in

immediately below the piezometers. The piezometers consist of 2-in.-diameter PVC pipe, which

is slotted in the bottom 10ft. The annular space around the pipe was backfilled with graded filter

sand up to a level about 16-ft and 30-ft depth below the ground surface in Borings 1 and 2,

respectively. From the top of the sand filter to 10-ft depth, the annular space was filled with

processed bentonite pellets; the remainder of the borehole was then backfilled with

cement/bentonite grout. Boring 3 did not include a piezometer and was backfilled with bentonite

chips ("Holeplug"). When the bentonite comes into contact with water, it will tend to swell,

providing an effective hydraulic seal. The borings drilled in 2008 were backfilled with either a

2,000-psi grout prepared onsite with a VOlumetric ready-mix truck or with bentonite chips.

Laboratory Testing

Classification. The laboratory investigation primarily consisted of a series of standard

classification tests in near-surface soils samples followed by strength tests in the underlying

limestone. To aid in soil classification, liquid and plastic limits, collectively termed Atterberg

limits, and percentages passing selected U.S. Standard No. 200 Sieves were performed on

selected soil samples. Water content measurements were made on selected samples to help

establish the moisture content profile for each boring.

The underlying limestone cores were tested for strength using both point index tests and

unconfined compression tests on prepared cores. The strength tests are described below.

Point Index Testing. Point Index Testing (PIT) was performed typically on each 5-ft core

run. A total of 116 tests were performed. In the Point Index Test, a rock core with a length of at

least 1.5 times the diameter is subjected to compression loading between two rounded hardened

'-~9------------ -3-
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steel cones. The load is applied transverse to the long axis of the core; therefore, the failure

mode is tensile splitting. The point load strength index is designated, Is, and is expressed in psi.

The results are presented on the boring logs and have been plotted versus elevation on Plate 19.

It is possible to correlate the Is values with unconfined compressive strength; however, we

consider it to be simply an index test of relative strength. Hoek and Bray2 indicate a correlation

of unconfined compressive strength, qu, with Isas:

qu = 24 x Is

Compression Tests. Unconfined compression tests were typically performed about

every 15 ft of core run. A total of 51 tests were performed. In the test, the cores are prepared

into cylindrical specimens with a length to diameter ratio of about two by saw cutting the ends

into smooth parallel surfaces. The samples are then loaded in compression axially to failure.

The ultimate compressive stress is recorded and the unconfined compressive strength is

computed. The results of the unconfined compression tests are tabulated in Appendix C and

plotted versus elevation on Plate 20. The values ranged from about 1,370 to 13,080 psi and

averaged about 5,430 psi.

For this study, 18 of the cores were instrumented to measure their stress-strain

characteristics. Normally, not a part of the standard test procedure, we developed a method to

measure the displacement versus load during the test. The load frame was instrumented with an

LVOT to measure displacement as the test proceeded. Our load frame is not set up to allow

digital output of the load data. Therefore, we placed the LVOT readout box near the load frame

display and video taped the readings during testing with a digital recorder. Using the freeze­

frame option, we were able to manually record the load and displacement values as the tests

proceeded. We converted the values to stress and strain and have plotted the values, presented

in Appendix O. In the table of results in Appendix C, the unconfined compression tests with

developed stress-strain data are indicated with a double asterisk. The Excel files containing the

stress vs. strain curves are included on the attached CO.

Subsurface Conditions

Site Geology. Regionally, the site is located just inside the eastern margin of the

Balcones Fault Zone, a northeast-southwest trending belt five to ten miles wide, which separates

the two major physiographic provinces spanning the greater Austin area: the Edwards Plateau

Hill Country extends to the west and the Blackland Prairie to the east.3 The Fault Zone, or so

called Rolling Prairie, consists of a series of faulted strata bounded mostly by normal faults

generally downthrown to the southeast.f The general regional dip of Cretaceous strata is to the

southeast. Cretaceous strata have been broken and displaced down to the southeast by the

2

3

4

Hoek, E. and Bray, J. (1977), Rock Slope Engineering, 2ed ed., The Institution of Mining and Metallurgy, London,
pg.96.
Garner, L.E., and Young, K.P., "Environmental Geology of the Austin Area: An Aid to Urban Planning," Report of

Investigations No. 86, Bureau of Economic Geology, The University of Texas at Austin (1976).
Ibid.
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northeast-trending Balcones Fault. The major episodes of faulting associated with the Balcones
Fault Zone are considered to be of Miocene age and are therefore inactive. The entire project is
located within a Zone 0 seismic region.

According to the Geologic Atlas of Texas, Seguin Sheet5, the site is underlain by
limestone and marly limestone of the Edwards Formation. The Edwards Formation is of Lower
Cretaceous age and is subdivided into four members based on lithology.

Member 4 is the youngest member and consists mostly of hard, light gray to tan, fine-to­
coarse grained, thin-to-thick bedded fossiliferous limestone. The thickness of Member 4 is about
40 ft.

Member 3 is made up of soft nodular gray to tan marly limestone with flaggy limestone
interbeds. The thickness of Member 3 is approximately 10 to 15 ft.

Member 2 consists primarily of hard, light gray to tan, fine-to-medium grained, thin-to­
thick bedded limestone. The lower beds in this member are folded due to the collapse in
Member 1. The thickness of Member 2 is about 40 ft.

Member 1 is estimated to be about 200 ft in total thickness, although no total section is
exposed in the Austin Area. The Edwards is composed of porous dolomite, dolomitic limestone
and hard limestone. Nodular chert can be found in the Member 1, which also has a 20-ft thick
cavernous solution collapse zone at the top. The member is subject to dissolution by percolating
waters resulting in the formation of caves, solution voids and caverns which serves as highly
localized porosity for storage and transmission of groundwater. Oftentimes, the voids are infilled
with red clay and brecciated limestone. Surface Karst features are common and are considered
critical environmental features, requiring building setbacks where discovered at the surface.
Soils are typically thin with cobbles and boulders found frequently on the surface.

The Edwards provides high bearing capacity for foundations but because of the presence
of potential voids and caves, foundation cut subgrades oftentimes are required to be probed. If a
void is found, the foundation element may need to be taken deeper to get past the defect. Cuts
in the Edwards will remain vertical unless areas of highly weathered limestone exists in which
unraveling of the slope is a certainty. Excavating in the Edwards is very difficult and most likely
would require blasting.

The Edwards limestone is typically overlain by a thin veneer of residual soil and possibly
alluvium. The alluvium deposits are soil-like materials comprised of various proportions of clay,
silt, sand and gravel. These deposits typically grade from fine-grained clay and silt near the
surface to coarse-grained sand and gravel with depth. Cobbles and boulders are not uncommon
near the interface with the underlying bedrock formation.

Stratigraphy. The subsurface conditions at this site consist primarily of limestone of
Edwards Formation. However, some soil of limited thickness was present at the surface at all of
the boring locations. The following summarizes the material types:

5 Barnes, V.E. (1974), Geologic Atlas of Texas, Seguin Sheet, published by the Bureau of Economic Geology, The
University ofTexas at Austin, map.

--(@-------
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Stratum

II

III

Description

Residual soil, alluvium, fill material

lean clay (completely weathered limestone)

Limestone

Stratum I A thin veneer of residual soil was present at most locations. The material

appeared to consisted of fat clay (CH) and was dark brown in color. This material was typically
less than 1 ft thick.

At Borings 2, 8, 11, and 12, zones of alluvial soils were encountered. The material

typically consisted of gravel, cobbles, and boulders and contained some clay. At one location,
the clay portion had a liquid limit of 39 and a plasticity index (PI) of 23. The zones ranged from
about 3- to 8-ft thickness.

At the three reconnaissance boring locations (Borings 1 through 3), a near-surface fill
material was encountered consisting of about 1 to 4 ft of crushed limestone. This material was

provided and placed by The Dean Word Company to prepared pads for our drilling operations.

Stratum II Stratum II typically consisted of tan lean clay (Cl), which is completely
weathered limestone. The material was present in most of the boring locations and extended to
depths of 2 to 12% ft. The material had typical measured liquid limits of 23 to 46 and plasticity
indices (PI's) of 5 to 31. At three of the boring locations, fat clay (CH) was present. This material
had measured liquid limits of 57 to 84 and PI's of 39 to 55.

Stratum III Limestone of the Edwards Formation was encountered beneath the near­
surface soils. Detailed descriptions of the limestone are provided on the attached logs. The
limestone is typically strong and competent. The Edwards Formation is noted for its vuggy and

cavernous nature. A few sizeable voids in the limestone were encountered, particularly in
Borings 1 through 3, 6, 8, and 9. In some cases, the voids were clay-filled. A measure of the
porosity of the material may be gauged from the double-packer tests performed as part of the
reconnaissance study.

Groundwater. No observations of groundwater could be made during the drilling
operations due to the use of a wet-rotary method. However, Borings 1 and 2, done as part of the

reconnaissance study, were completed as groundwater piezometers. The Boring 1 piezometer
was installed to a depth of 100 ft; no free water was observed in it following the drilling. The

Boring 2 piezometer was installed to a depth of 50 ft. Water was detected shortly after drilling at
a depth of about 49 ft (EI 654 ft).

Recent observations indicated that no free water was observed in the Boring 1

piezometer. At the Boring 2 location, a groundwater elevation of about EI 653 was observed.

-6-
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Limitations and Conditions

This report is factual in nature, and only contains data from our field and laboratory

programs. No engineering recommendations are contained in this report. The professional
services that form the basis for this report have been performed using that degree of care and

skill ordinarily exercised, under similar circumstances, by reputable geotechnical engineers
practicing in the same locality. No warranty, express or implied, is made as to the professional

advice set forth. Fugro's scope of work does not include the investigation, detection, or design
related to the presence of any biological pollutants. The term 'biological pollutants' includes, but

is not limited to, mold, fungi, spores, bacteria, and viruses, and the byproducts of any such
biological organisms.

The results contained in this report are directed at and intended to be utilized within the

scope of work agreed upon by Fugro Consultants, Inc. and the client. This report is not intended
to be used for any other purposes. Fugro Consultants, Inc. makes no claim or representation
concerning any activity or condition falling outside the specified purposes to which this report is
directed, said purposes being specifically limited to the scope of work as defined in said
agreement. Inquiries as to said scope of work or concerning any activity or condition not

specifically contained therein should be directed to Fugro Consultants, Inc. for determination and,
if necessary, further investigation.

• •
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Closure

The following plates are attached and complete this report:

Vicinity Map .

Boring Locations and Elevations .

Boring Logs .

Terms and Symbols Used on Boring Logs .

Recovery versus Elevation .

ROD versus Elevation .

Is versus Elevation .

Uc versus Elevation .

Appendix A: Photographs of Rock Cores

Appendix B: Summary of Double Packer Test Results

Appendix C: Summary of Rock Compressive Strength Results

Appendix 0: Stress vs. Strain Curves

Attached CD
Photographs of Rock Cores
Stress vs. Strain Curves
PDF Copy of Report

Fugro Consultants appreciates the opportunity to assist CH2M Hill and

with this project. Please call if we can be of any additional assistance.

Sincerely,

FUGRO CONSULTANTS

~/!~-

Gregory P. Stieben,
San Antonio Manager

GPS(p:/geotech04/comal dam/0125 final rpt.doc)
Copies Submitted:

Jonathon Vorheis, P.E., San Antonio (4)
Joel Theodore, P.E., Corvallis (2)
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ComaI County Water Impoundment Boring Site Locations

Boring Northing Easting Elevation
1 13,791,995.5 2,219,835.0 765.3

2 13,791,432.1 2,219,581.7 702.8

3 13,791,274.5 2,219,702.4 770.3

4 13,792,321.0 2,219,783.0 788.3

5 13,792,114.1 2,219,725.6 7695

6 13,791,930.7 2,219,736.9 758.7

7 13,791,770.8 2,219,722.1 747.2

8 13,791,552.2 2,219,769.6 715.5

9 13,791,265.6 2,219,800.7 768.8

10 13,791,220.9 2,219,542.4 775.9

11 13,791,483.0 2,219,878.6 7048

12 13,791,454.2 2,219,776.5 705.2

Not to Scale

'" Vertical Datum: NAVD 88

Horizontal Datum: Texas State Plan, NAD 83 (Survey Feet)

BORING LOCATIONS
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

FUSRO CONSULTANTS
~(XD

\...J,;J

PLATE 2



LOG OF BORING B-1

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2
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"Fil SURF. ELo 7653 ft± Job Noo 1004-0125
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Tan crushed limestone base. (Fill) '10"oU
Dark brown fat CLAY, hard, w/scattered 003
limestone frazrnents. CH (Residual Soil) 76408

-
~

90 an lean CLAY, hard. CL (Completely 0.5
(0) Weathered Limestone) 763.5

-5 i- 88 Grayish brown to tan LIMESTONE, moderately 1.8

::r:= (41) weathered, moderately hard to hard, w/numerous
_::r:= fractures, clay seams and layers, scattered vuggy

=-10~
layers, and ferrous staining. (Edwards)

756.1 350 (t)
-open voidfrom 8.7 to 902ft

9.2
::r:= 98 -reddish brown clay layer from 308 to 4.5 ft

(18) -tan solutlonedfractures from 5.0 to 6.2 ft-= -100% water loss at 6.5 ft 650(1.)

~
-w/ferrous stained vugs from 10.0 to 1200ft

- -w/ferrous stained vugs from 13.4 to ISo0 ft
750.3-15

~
83 Tan MARLY LIMESTONE, moderately 15.0-

- (13) weathered, moderately hard, w/scattered marly

~
seams and layers, ferrous stained discontinuities.
(Edwards)

,-- ;.!,'.:. 50 (t)
-20

~
100 'f,; -w/numerous marly seams from 2000 to 223ft-
(49) {~.

-

l(r!-
- -w/marly seams from 23.7 to 240 7ft
-25

97
},Iresofl tan marlv laver from 26.0 to 2606 fI

50(t)
-

~
'''' r 738.8, "

! Light gray to tan LIMESTONE, highly to 26.5
-
- '[.\ moderately weathered, hard, w/scattered to

::":: numerous vuggy layers, ferrous staining and
-30 :;::.

i= 91 ..... abundant fossil fragments. (Edwards) 350 (I-
(57) :'! -soft tan marly layer from 28.4 to 28. 7ft

~
Y -w/marly seams from 30.4 to 30.8ft 732.4
....: -w/ferrous stainedfracturesfrom 31.2 to 323ft 32.9

-35 ::r:= Y -open voidfrom 32.6 to 32.9 ft

~
94 " -mod. inclined slickensidedjoint at 34.4 ft 450 (I

- (58) iW -marly seam at 363ft 500 (I

- oN -numerous fractures from 36.4 to 36.8ft
-

~
'( -abundantfossil layer from 36.9 to 373 ft

-40 W, -w/numerous chert nodules from 40.0 to 42.2 ft

~
75

(60)

~ -tan marly seam at 43.2 ft
... -steeolv inclined fracture from 43.3 to 43.5 ft

COMPLETION DEPTH: 180.0 ft

DRILL DATE: 09/27/05
.a».- (CJ\'Y -----

DEPTH TO WATER: See Note

PIEZOMETER LEGEND
~ - Grout Bil- Bentonite lliilli -Sand 9- Cave-in

U=Unconfined (tsf) P = Pocket Penetrometer
Qv Unconsolidated T <Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)
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LOG OF BORING B-1

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

IZ "$- 5o=' ~
~~ o;:R ci~ ""s-

~g:f5S~
NCO

ad'( >-u '""" -' !!!w LAYER ",,",
Ql5,

Zo. Z'" ",0- f-
:i 0 ......l <Zl '-< 0' N 0.0 STRATUM DESCRIPTION "'z 5E-<" "", co> 0,", o
f- a> c- ~b~ ELEV'/

f-", S:;: f-X z> zw ~c, ~ ""f-
~'" 'VJ:e Cii'i7.l f-'"

-c OOlJ i$6
-0 '"eo >- -':J ""0 ~~ ~o z-0 V> VJ .....l >.I-. cc DEPTH -'z <~ ",,0 :J0l f-

a> '" U ""- c, 0-'" i$
~

SURF. EL 765.3 ft± Job No. 1004-0125
P-- 67 400 (I-

- (16) Light gray to tan LIMESTONE, highly to

- moderately weathered, hard, w/scattered to

- numerous vuggy layers, ferrous staining and

-50-
abundant fossil fragments. (Edwards)

100 -w/clay filled vugs from 47.8 to 49~6ft

(89) -steeply inclinedfraeture at 49~6 ft
-mod. inclined clay coatedfracture at 51.3ft
-w/clay coatedfractures from 52~0 to 54~0 ft

-55 300 (I

-

~
100

- (23) -w/clay coatedfracturesfrom 55~9 to 58.2ft

~ .r
f-60

~
68 300 (I)

(18) -w/clay filled vugs from 607 to 65~Oft

- ~ 400 (]
- ~
-65

63 -wisolution features from 65~ 0 to 66~ 7.ft-

~ (33)
-vertical fracture from 66~ 7. to 67.~2 ft

~70~
-clay filled voidfrom 68.0 to 69~ 7. ft 696~2

69.1

J
63
(9) -open voidfrom 71.4 to 7.3~ 6ft

691.7
73.6 100 (I)-75 -.-

=c 83

~
(22)

-vertical fracture from 77.2 to 77~5 ft

~ =c
-80

~
80 -open voidfrom 80~0 to 80~ 5ft 684.8

- 80~5
- (17)

- -chert nodule at 82~ 7.ft
-
-85 500 (I)

=c 95

~
(20)

500 (])

-mod. inclinedfracture at 88~3ft

COMPLETION DEPTH: 180.0 ft DEPTH TO WATER: See Note

DRILL DATE: 09/27/05 PIEZOMETER LEGEND
l~"LA. ~ -Grout Silo Bentonite ~ - Sand 1lH!I- Cave-in

-Zi'-,ij ---------

U> Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf} Is = Point Load (psi)
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LOG OF BORING B-1

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

~GRD

Lilli

TYPE: Sample/Wet Rotary LOCATION: See Plate 2
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-mod. inclinedfracture at 89.0 ft

- (33)
.U

ow/clayfilled vugs 90.0 to 95.0 ft

- in:
Light gray to tan LIMESTONE, highly to

=.':.'.
moderately weathered, hard, w/scattered to 350 (tl

-95
;;~\ numerous vuggy layers, ferrous staining and

~
62

.....,:.:. abundant fossil fragments. (Edwards)
(7) ~~~~; -vertical solution feature from 94.4 to 95.0 ft

- :i"

~
,'.'.'\ -w/clayfilledvugs 95.0 to 100.Oft

-

roo~ -w/open vugs from ioo.o» "'"ftr-l Ob-

~ 150 II)-
(71)

-~ ow/silt filled vugs from 102.0 to 102.4 ft
-w/calcile coated vugs from 102.9 to 105.0ft

-10:>- ::r:=

~
67 -open vugs from 105.0 to 107.2 ft

(18)

-
-steeply inclinedfracture 107.9 to 108.2ft

-11
-open vugs from 108.2 to 109.7ft

- ::r:= 40 -w/clayfilledvugsfrom 110.0 to 115.Oft
(0)

~
- ::r:=
-11~ 400 (j

~
31 -w/clayfilledvugsfrom 115.0 to 119.0ft

(15)

- ~-12
-

~
62

(23) -w/clayfilledvugsfrom 120.8 to 123.6ft

c-
- -vertical fracture from 123.2 to 123.6ft 300 (j

-12 ::= 98 ow/clayfilled vugs from 125.0 to 125.5 ft
(42) -verticalfractures from 125.8 to 126.1 ft

-

~
-vertical fractures from 127.4 to 128.4 ft 150 ([

-13IT -w/clayseamsfrom 129.0 to 130.0ft

~
68 -w/clay filled vugsfrom 130.0 to 132.0 ft 300 IT
(0)

c- -w/fractures from 132.0 to 133.5 ft

- -open vugsfrom 133.5 to 135.0ft

COMPLETION DEPTH: 180,0 ft DEPTH TO WATER: See Note

DRlLL DATE: 09/27/05 PIEZOMETER LEGEND
_(J2i m-Grout BiI- Bentonite Kill-Sand 1IHll- Cave-in

-- (.1,('0 ------
\.-J,""

U= Unconfined (tsf) P = Pocket Penetrometer
Q = Unconsolidated T = Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)



LOG OF BORING B-1

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: SamplelWet Rotary LOCATION: See Plate 2

~ '#. IO.::::!

" ~~ o~ OJ( u,
f- Vl '-U ~,-';

ON'" ,.U '"~ ..l ZW>- 0: f-' Ci~ Zo, ZW' f-
",' 0 io c, 0 Ci ;;::;a:~ LAYER Wz 5r-: 00:: OW 0>

","- 0

'"
,....l {/) f-< 0' STRATUM DESCRIPTION f-oo 1=::< z> zoo oe: zf- Q.. ~o~ ELEV.I 0- f-:l:c, 2 2 o o > -<f- _2 ~oo r;;::: Ui{i} 00

~8
-0 0:00 ,. -c _HI.<U DEPTH ..l:J -<0 ~~ ~o z- f-0 ~

~ '" ::l '""'z "'7 "'0 0>00 ~"-- c, ,,-N
~

SURF. EL 7653 ft± Job No, 1004-0125

~
98 -chert nodule at 134.0ft-

- (65) -wlc/ay ftlled vugsfrom 135.0 to 135.5 ft

- Light gray to tan LIMESTONE, highly to

- moderately weathered, hard, w/scattered to

1-14
I-r- numerous vuggy layers, ferrous staining and 250 II

~
85 abundant fossil fragments. (Edwards)

(31) -chert nodule from 135.8 to 135.9 ft

I-
-steeply inclinedfracture at 136.7 ft
-chert nodule at 137.7ft
-chert nodule from 139.9 to 140.0 ft 250 II1-145-

~
79 -filled vugs from 140.0 to 140.9ft

I-
(30) -pittedfrom 143.3 to 144,7ft 200 II

~
-wlc/ayftlledvugsfrom 143.8 to 143.9ft
-chert nodule at 145.9 ft

h- -wlc/ay ftlled vugsfrom 147.0 to 148.0 ft
1-]5

~
96

-open vugsfrom 148.5 to 149.1 ft

- (27) -wlclay filled vugs from 150.8 to 152.1 ft

-
- ~

-weatheredfractures from 152.8 to 153.8ft

-15 200 II

- 73

- (37) -open void from 156.2 to 157.6ft 607.7
- -wlc/ay filled vugs from 157.6 to 158.1 ft 157.6 250 (l

-16
60 -vertical fracture from 159.8 to 160.0 ft

-
(37) -open void from 160.0 to 162.2 ft

- 603.1
- -w/clay filled vugs from 162.2 to 162.4ft 162.2

~-16 650 III

I-

~
75

- (53)

- tr= 300 (I)

~17vii 73 -w/clay filled vugs from 170.0 to 170.5ft
593.8(30) -open void from 170.5 to 171.5ft

~ -wlc/ay filled vugs from 171.5 to 171. 9 ft 171.5
593.0-tr= -open voidfrom 171.9 to 172.3ft
172.3I-r- -filled vugs from 172.3 to 175.0ft

~170tr= 70 450 111

I-~
(22)

b= -core blocked 178.4 to 180.0ft
585.3

COMPLETION DEPTH: 180.0 ft DEPTH TO WATER: See Note

DRILL DATE: 09/27/05 PIEZOMETER LEGEND

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~ - Grout Bi - Bentonite !l§I- Sand mJ - Cave-in



LOG OF BORING B-1

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ '$.
IO::::!

'" 1::~ o~ O~ "";-.
t;I) WO::::"--::' UN"

""U :I:
c, -' zwf-

~ E-" 0$ Zo o Zeri ;-.

I 0 wo..o Cl ~ii:~ LAYER S E-" Q~ OW 0>
",,,-

0
co ....l <Zl E-a STRATUM DESCRIPTION ;-.z ;-.>< :=~ z'" oe: z;-. 0.. ~oes ELEV./ ,,::: CY- ;-.:I:c, 2' 2' 00- _2' co," OOCl) '"",z ~- -0 '"cc
"" < _HI... U DEPTH -':i «0 ~co COo z_ ;-.0 co (/) co ~ 0 '"'z «"" "0 :0'"U "-- "- ,,-N

'"
co

SURFo EL 7653 ft± Job No, 1004-0125

NOTES:
j~UoU

C I) Boring was advanced dry to the 25-ft depth
and groundwater was not encountered above that
depth prior to coring.

H85- 2) On September 30, 2005, a piezometer was
installed in the borehole with no free water

C observed in the piezometer.
- 3) N 13,791,995.5, E 2,219,835.0, coordinates
- were provided by CH2MHiIl, Inc.

H90- 4) Approximately 26,000 gallons of water was
used during coring operations.-

-
-
-
-195-
-
-
-
-
-200-
-

-
-
-205-
-
-
-
-
-210-
-
-
-
-
-215-
-
-
-
-
-220-
-
-
-
-

COMPLETION DEPTH: 18000 ft

DRILL DATE: 09/27105

qn--- Z(J(~ ---~-------------------~-_..,-,.

DEPTH TO WATER: See Note

PIEZOMETER LEGEND
~ - GrOllt SiI- Bentonite ![ji - Sand • Cave-in

U=Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T <Torvane

Undrained Triaxial (tst) Is = Point Load (psi)

E'LATE-3e



LOG OF BORING B-2

Dry Carnal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ ?f; ~ 0= '" ,..'" o~ OJ' c,;-.
CI] ~~~ z Ni'"

t~ ,..u z
"' ..l UJ ~OCl -r !!!w LAYER ::r: f-" o:t' Zoo Zw" ",,, t3'" ° ....:J CI) E- 0' C\l "0 STRATUM DESCRIPTION "'z Sf-" u" co'" co> 0':'" ;-.'" E=~ z> Z'" Z;-.

:E """Des ELEY.! <;-. 0- -'" r;;(;j ;-.z roe, ~ 00- above "5
_:E

~'" ~- -co '"ur ,..
-<t: ...u ... U grade DEPTH ..l::O <0 ~~ ~o Z- c-D xa
ell CO ~ ..lZ <"" <0 :J'" ~z.en U ,,- c, "N "A SURF. EL. 702.8 ft± Job No. 1004-0125

-

I.
Tan crushed limestone base. (Fill)

-

-
698.8

-5 56
Tan GRAVEL, COBBLES and BOULDERS, 4.0

":-. : w/brown fat CLAY seams. (Alluvium)

- ~ 695.8
Tan LIMESTONE, moderately weathered, hard, 7.0-

.L, 50 w/abundant clay filled vugs and fractures,- 1-1/4
-10 ::r:=

100
scattered voids and secondary calcite.

-

~
(0)

(Edwards)

- 77
-w/ferrous stained vugs from 10.0 to 132ft

(40)
-100% water loss at 11.5 ft to 16.5 ft 100ft)-

-
-15 "T"?"

--!! 77 -open void from 153 to 16.0 ft 686.8

-

~
(45) 16.0 500 (t)

- -w/ferrous stained vugs from 17.0 to 18.6ft

- -steeply inclinedfracture from 18. 7 to 19.1 ft
-20

=:= 66 -mod. inclinedfracturefrom 19.5 to 19.7 ft

(28) -w/clay filled vugs, 100% water loss from 20A to

~
242ft

-25
--,- 100 (]J

-

~
83 500 (t)

(20)

- -w/clay filled vugsfrom 27.0 to 30.0ft

-
-30
~ 88 -100% water loss at 30.Oft- ::r:= (38) -w/calcite coated vugs from 30.0 to 37.0 ft-

~
-
-
-35

~
63-

(32)-
-

~-
150 (t)

-~I
17 -open void, 100% water loss from 40.5 to 44. 7ft

250 (t)
(5)

658.1

COMPLETION DEPTH: 100.0 ft DEPTH TO WATER: See Note

DRJLL DATE: 09119/05 PIEZOMETER LEGEND
/\% ~ -Grout Bij- Bentonite !§l- Sand 1lHII- Cave-in--- (E<9 ~---------_ .._--------~-

U= Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T e Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

----"LA.T~4a



LOG OF BORING B-2

Dry Carnal Creek Flood Retarding Structure
Carnal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

.~
-50

~

STRATUM DESCRIPTION

SURF. EL. 702.8 ft± Job No. 1004-0125
44.-/f-+-+--+--+-----j_-!--_---!

l­
I-

100 (]

150 (j

550 (I)

500 (I

600 (I)

300 (j)

645.81--+----I_+---+_+----I~~,..j
57.0 I--+----I-+---+-+----I-""''--'-''Lj

631.31--+--1-+--+--1--1---1
71.5 I--+----I-+---+-+----I~~,..j

-chert nodule at 83.9 fi
-grayish brown from 84.2 to 85.0 fi
-open vugsfrom 84.2 to 85.0fi
-wlclayfilledvugsfrom 85.0 to 90.0fi

-wlclay filled vugsfrom 77.0 to 780 fi

-w/clay filled vugs from 78.4 to 78.8 fi
-grayish brown from 79 6 to 80.5 fi

-clay filled void from 70.5 to 71.5fi

-fractures from 73.2 to 75.0fi

-open vugsfrom 81.8 to 83.0 fi

35
(7)

37
(7)

87
(57)

85
(58)

100
(78)

85
(38)

~55 ~
r:r=
U-

I-b:::::
h­

1-60 b=

I-~
-65 I-r-

=~
-b=
-b:::::
~70W

-b:::::
~b=

h­
-75

~
1-80 U-

I-~
-85 b:::::

~~
COMPLETION DEPTH: 100.0 ft DEPTH TO WATER: See Note

DRJLL DATE: 09/19/05 PIEZOMETER LEGEND
/"i2i ~ -Grout Bil-Bentonite ~ - Sand IlD - Caye-ill

-~:e ----------..---.--
U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = PointLoad(psi)

__~~__E'.LA"[E..4b



- ~--~~-._--------,--- ------------------------- --- -- ----~ ----- -- ~ --------------~-~--

LOG OF BORING B-2

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

iZ $. IO= #- ~~ o~ o$. "-f-< " N'" :tU'l ~P::;'-:: zwf-< o$. Z(.l..f ,.u
"' ...J c:::: f-<" ZO ",0- f-<P-1 a...OO ~o:~ LAYER Q~ ow":r:" 0 ...... GIl f-' 0' STRATUM DESCRIPTION Wz Sr-:' 0> 0>-' 0
f-< ill c, ~oc ELEV'/

f-<w
0'- f-<X ~Gi Zw f-<:t Z

0- :>' <:f-<
:3~ ~'" Vi Vi '"00- "6 ~- -0 '"ro ,.

-c .....:l~~ <:0 ~~ ~o z_
0 ~ DEPTH '""'z <:~ <:0 ;:>'" f-<

~ ill U 0-_ 0- O-N

"
co

SURF. EL. 702.8 ft± Job No. 1004-0125
f-L- 80 -w/clay filled fractures from 90.0 to 94.0 ft-

~
(0) Light gray to tan LIMESTONE, moderately

weathered, hard, w/numerous fractured zones

-
and scattered vuggy seams and layers.

-95 ~
(Edwards)

-

~
62 -w/clay filled vugsfrom 94.0 to 95.Oft 606.6 500 (I

(10) -open voidfrom 96.0 to 96.2 ft 96.2

~
-w/clay filled vugs from 97.0 to 99.5ft

-
602.8-lOu - r------------------------
100.0-

- NOTES:

- 1) Boring was advanced dry to the 9.5-ft depth

- and groundwater was not encountered above that

-lO~
depth prior to coring.

2) On September 20, 2005, a piezometer was
installed in the borehole with no free water

-
observed in the piezometer. On September 26,
2005, a water level measurement was taken at

-1l<r
the 48.8-ft depth, well was bailed for 10 minutes
and water level remained at 48.8 ft. On

- September 27, 2005, a water level measurement
- was taken at the 48.7- ft depth.

3) N 13, 791,432.1, E 2,219,581.7, coordinates

-ll~

were provided by CH2MHill, Inc.
4) Approximately 11,000 gallons of water was
used during coring operations.

-12<r
-

-

-12~
-
-
-
-
-13<r
-

COMPLETION DEPTH: 100.0 ft

DRILL DATE: 09/19/05

DEPTH TO WATER: See Note

PIEZOMETER LEGEND
~ - Grout Hi - Bentonite !illm -Sand 1mI- Cave-in

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load(psi)



- ------------ --- ------------- ------------------------------- ---------------------~--------

LOG OF BORING B-3
~IiRD

Ui.
----------------- ------------------------------------

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

cG "$.
:co:;;:! of.

t~ ci~ o"$. u,
f-< ON'" ,.u :r:CIJ (.I.l"...-!: zwf-< "'eO Q"$. zoic, .-l co c, 0 Cl --w LAYER :.....=:- z; 0, ",0- f-<
:Ii ° ~ Vlf-O' No.O STRATUM DESCRIPTION Wz Sr-: uo- ClW Cl> "'eO 0

OJ f-<w E=:X' ~~ zOJ Zf-< 2: c, "oee ELEV./ "'f-< 0'- VlV) f-:r: w0- 2: °0- above "5
_=" ~OJ

~- -Cl '"w ,. < ...n ... in grade DEPTH .-l;:l "'''' ~~ ~o z- f-<
'" ~ .-lz "'7 "'0 oo~~ OJ '" It U 0-_ 0- o-N ~

FlI SURF. EL. 770.3 ft± Job No. 1004-0125

-

~
Tan crushed limestone base. (Fill)

768.8
Tan LIMESTONE, moderately weathered, hard, 1.5

- w/scattered zones of secondary calcite,
f- micro-vugs and some ferrous staining.
1-5

95
(Edwards)

::r:= (73)

~
450 (L)

f-
1-10

~
100 -w/ferrous stained vugs from 10.0 to 13.2fl
(62)

~
-vertical weatheredfracturefrom 11.9 to 122fl

f-
ow/tan marly seam at 12.5 ft

1-15
-pittedfrom 13.2 to 15.8fl

~
100 50 ([01
(72) -w/fractures from 15.8 to 16.3fl

f- -calcite coated vugs from 17.0 to 20.0 fl

1-20
::r:= -weatheredfracturesfrom 19.0 to 21.6fl

~
100 300 ([)

- (85)

f- ::r:= 350 II

f- ~-25

~
97 -chert nodule at 25.1 fl-

fhA\ 743.7
- Tan LIMESTONE, moderately weathered, 26.6 250 II- ::r:= moderately hard to hard, w/numerous clay filled
- ::r:= vugs and solution features, some calcite filled,
I-30

~
85

and ferrous staining. (Edwards)
-

(66)
-w/clay filled vugs from 26.8 to 27.6fl

- -50% water loss at 28.0 ft
- -w/clay filled vugs from 28.3 to 29.4 fl 300 II

- -100% water return at 30.5 ft
I-3S ::r:= -w/clay filled vugs from 32.0 to 33.2fl
-

~
100 -100% water loss at 33.0 ft to T.D.

f-
(81) ow/clayfilled vugs from 35_0 to 35_5fl 150 ([

f-
-vertical weatheredfracture from 38.6 to 40.0 fl

1-40
100 -pittedfrom 40.0 to 45.0 flr:r= (86) ow/clay coatedfracturesfrom 40.0 to 41.0ft-

~-
- r:r=
COMPLETION DEPTH: 180.0 ft DEPTH TO WATER: See Note

DRILL DATE: 09121/05 PIEZOMETER LEGEND
L~ ~ -Grout BiI- Bentonite [ill - Sand • - Cave-in

-\.~/"-! ~--------------~---~
\._.1\J

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) \s = Point Load (psi)

___E~LA:rE.5a



LOG OF BORING B-3

Dry Carnal Creek Flood Retarding Structure
Carnal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

150 (]

350 (]

250 (]

300 {[

350 (] )
350 (]

200 (Ll

100 (L)

698.91---+----+-+--+-+----+----1
71.41----1--+-+--+-+---1------1

706.3 1---+----+-+--+-+----+----1
64.01---+--11---+----+_+----+__--1

STRATUM DESCRIPTION

-w/clay filled vugs from 72.8 to 75.Oft

ow/clay coatedfractures from 74.6 to 75.0ft

SURF. EL. 770.3 ft± Job No. 1004-0125

-abundantfossilfragmentsfrom 54.2 to 54.6ft

Tan LIMESTONE, moderately weathered, hard,
w/abundant clay filled vugs and fractures,
scattered voids and secondary calcite.
(Edwards)

ow/clayfilled vugs from 60.0 to 63.0 ft

Tan LIMESTONE, moderately weathered,
moderately hard to hard, w/numerous clay filled
vugs and solution features, some calcite filled,
and ferrous staining. (Edwards)
ow/clay coatedfracturesfrom 47.8 to 483 ft
ow/clay coatedfractures from 49.1 to 50.0 ft
-w/clay coatedfracturesfrom 50.3 to 50.7 ft
ow/clay coatedfracturesfrom 51.0 to 52.5 ft

-clay filled voidfrom 63.0 to 64.0 ft
-w/clay filled vugs from 64.0 to 65.0 ft
-w/clay filled vugs from 65.0 to 67.0 ft

-w/clay coatedfractures from 67.0 to 68.1 ft
ow/clayfilled vugs from 68.1 to 70.0 ft

-clay filled voidfrom 70.0 to 71.4 ft

-w/clayfilledvugsfrom 77.2 to 77.9ft
-w/clay coatedfracturesfrom 78.2 to 79.7 fi

Light gray to tan LIMESTONE, moderately
weathered, hard, w/numerous fractured zones
and scattered vuggy seams and layers.
(Edwards)
-w/clay coatedfracture at 82.0 ft
-w/clay coatedfracturesfrom 82.8 to 83.Oft

ow/whitefriable silt seams from 86.3 to 88.3 ft

28
(0)

98
(85)

(18)

91
(26)

100
(85)

63
(20)

100
(65)

100
(82)

83
(16)

COMPLETION DEPTH: 180.0 ft DEPTH TO WATER: See Note

DRILL DATE: 09/21/05 PIEZOMETER LEGEND

U = Unconfined (tsf) P = Pocket Penetrometer
Q=UnconsoJidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~-Grout Sil- Bentonite [ill- Sand ElI!I- Cave-in



LOG OF BORING B-3

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ $. ::co=!

" ~~ o~ 0'$ "-f- GIl P-1~""<
ON'"

""U '"c,

'""'
zwf-

'" f-' o$. z 0. z; ..f f-
0

[.jJ ~oQ ~c:~ LAYER '"z ;S~
OQ:; 0'" 0> ",'" 0

~ '"
-lu:le--.O' STRATUM DESCRIPTION f-," E=>;f z> z'" 0": z

:E "-"oe ELEV./ -<f- 0- -'" r;:;tf.i f-'" '"c, :E o o>, "Z _:E "''" "'- -0 '"to
"" --< .....Hl..~ DEPTH '""'::1 -<0 ",,,, "'0 z_ f-0 '" 0 '""'z -<"" -<0 ::0'"

'" '" '" U "-- c, ,,-N

" '"
SURF. EL. 770.3 ft± Job No. 1004-0125

---'---- 93 300 I!

~
(44) ow/open vugsfrom 90.9 to 91.2ft

- ow/open vugsfrom 91.7 to 92.2ft

- -,--
-95

~
88 -fracturedfrom 95.0 to 97.4 ft 350 I!

- (33)

- -w/calcite coated vugs from 97.4 to 100.0 ft

-10 100 I!

~
76 -w/clayfilledvugsfrom 100.0 to 101.0ft

- (21) -highly weathered w/poor RQD below 100.0 ft

-
- ow/clayfilled vugsfrom 103.0 to 105.0 ft

-105-
48 ow/clayfilled vugsfrom 105.0 to 114.5 ft-

b=- (0)

-

~-

l-11"

~
43 Light gray to tan LIMESTONE, moderately
(0) weathered, hard, w/numerous fractured zones

and scattered vuggy seams and layers.
(Edwards)

l:r= -core blocked 113.5 to 114.5 fI 655.8
HI

~
25 114.5 1001!)-
(0)-

- -w/clayfilledvugsfrom 117.5 to 119.0ft
-

-12
b= 40 ow/clayfilled vugs from 120.0 to 130.0 ft-

-

~
(0)

I- lr;
Hr

C
4 -core lossfrom 125.0 to 130.0ft 250 I!

(0)

640.3-13

~
3 130.0-

- (0)
ow/clayfilled vugsfrom 132.0 to 134.0 ft

-

COMPLETION DEPTH: 180.0 ft

DRILL DATE: 09/21/05

--·Q~9 ---------".----
DEPTH TO WATER: See Note

PIEZOMETER LEGEND
~ - Grout SiI- Bentonite g]j - Sand EB - Cave-in

U= Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load Ipsi)

RLA.TE-5c
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LOG OF BORING B-3

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

STRATUM DESCRIPTION

SURF. EL. 7703 ft± Job No. 1004-0125

450 II

350 (I

500 (J

400 II

450 (J

595.9 I--+---+-+--+-+---+-=-='-""-LI
174.4 f-+--+-+--+-t---+----j
595.0 f-+--+-+--+-t---+----j
17531--+---+-+--+-+---+----1

5903

-open voidfrom 173.5 to 174.4 ft
-open void from 174.7 to 1753 ft

-w/clay filled vugs from 177.8 to 179.4 fi

-w/clay filled vugsfrom 161.9 to 162.7ft
-w/open vugsfrom 162.9 to 164.4ft

-w/clayfilledvugsfrom 150.0 to 154.8ft

-w/clayfilledvugsfrom 1650 to 167.4ft

-w/clayfilledvugsfrom 145.0 to 147.5ft

-w/clayfilledvugsfrom 158.5 to 159.5ft

Light gray to tan LIMESTONE, moderately
weathered, hard, w/numerous fractured zones
and scattered vuggy seams and layers.
(Edwards)

-core loss from 168.0 to 170.0 ft
-w/clay filled vugs from 168.0 to 171.0 ft

-w/clayfilledvugsfrom 136.0 to 136.5fi
-w/clay filled vugs from 137.0 to 137.4 ft

II
(6)

90
(8)

10
(5)

o
(0)

65
(0)

89
(20)

50
(24)

77
(55)

78
(32)

COMPLETION DEPTH: 180.0 ft DEPTH TO WATER: See Note

DRILL DATE: 09/21/05 PIEZOMETER LEGEND
r-\") ~ _Grout SiI- Bentonite E]I- Sand 1mI- Cave-in-(W -~-------------~-----.~-~-

U=Unconfined (1sI) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf} Is = Point Load (psi)

________~ gLA-TE-5d



LOG OF BORING B-3

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

'" '$.
::r:o:::::! of:

1:~ ci~ c5~ ""f- (I) W~,...:;
<.JN'< >-u J:

c, -' zwf- ",e: o~ z 0" Zui t;UJ ~OCl --w LAYER OS: ",0-
:i 0 .....J ooE-O' c{Jo.o STRATUM DESCRIPTION Wz :s E-~ 0'" 0> Of-"

'" f-w E=x t;~ z'" Zf- ;;i c, ~oe ELEVI
~~

0- 00 en f-J: w0- ;;i 00- _;;i ww "'- -co '"'" >- < ....u.... u -':3 ""0 ",'" "'0 z-
0 '" Vl cc ~

DEPTH 0 -'z ,,~ ",,0 ;:J""" f-
U 0-_ 0- O-N i$ '"

SURF. EL. 770.3 ft± Job No. 1004-0125

NOTES:
uso.o

- 1) Boring was advanced dry to the 5.0-ft depth
- and groundwater was not encountered above that

H8~
depth prior to coring.
2) N 13, 791,274.5, E 2,219,702.4, coordinates
were provided by CH2MHill, Inc.
3) Boring caved in at the 117.0-ft depth with no
water observed above that depth.
4) Boring wa backfilled with bentonite holeplug.

H91T 5) Approximately 19,000 gallons of water was
used during coring operations.

-
-
-19~
-
-
-
-
-201T
-
-
-

~

f-20~

~

-21 IT
-
-
-
-
-21~

~

~

f-221T

~

-

COMPLETION DEPTH: 180.0 ft DEPTH TO WATER: See Note

DRlLL DATE: 09/21105 PIEZOMETER LEGEND

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T -e Torvane

Undrained Triaxial(tsf) Is = PointLoad (psi)

~ - Grout 8iI- Bentonite !lill- Sand a- Cave-in E'.LATE.5e



LOG OF BORING B-4

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ '$.
J:o::::!

'" t~ ci;:R O;,f. c,f- UN'" ::!ZJ >.Qp:::,......:; Zwf- Q~ ZW' ,.Uc, 6 l.r.l ~oo --w LAYER ~ E-"
b~

z 0, 0:"- f-
:Ii -J VlE-0 NQ.o. STRATUM DESCRIPTION wz S E-" OW 0> "eO 0

Ol f-w ;::~ z> zw Zf- :E Q., ~oo ELEV'/ "'f- ry- _w U)U) f-:: w"- :E 0 O~ above "5
_:E ~w

~- -0 0:ro ,.
~ ...H';' ..~ grade DEPTH ..0::; "''' ~~ ~o Z_ f-c ~ ..oz

"'~ "'0 Ol~~ Ol 0: tt U "-- c, ,,-N ~

A SURF, EL, 7883 ft± Job No, 1004-0125

-

~
I I foc~own lean CLAY with sand, w/trace limestone rIIM,U

ravel. CL (Residual Soil) 03
l- 22 Tan lean CLAY with sand, w/scattered limestone 46 17 00 63

~ fragments, rootlets, calcareous pockets and some

f- 5 -

~
32 ferrous staining, CL (Completely Weathered

Limestone)
f-

~
27 65 42 99 90

~
36

f-1O-
f- ~
~ 775,7

- Tan LIMESTONE, moderately weathered, 12,6
f:r= 50/3"

72 moderately hard to hard, w/scattered marly
-15

~
(22) seams and layers, (Edwards)

-
87 -w/numerous marly seams and layers from 15.a

P= (13) to 18.0ft
-

~-
-20 7683

f-L--- 93 Light gray to tan LIMESTONE, moderately 20,0- P= (23) weathered, hard, fractured, w/numerous ferrous-

~
stained fractures, abundant fossil fragments and-

- occasional vuggy zones. (Edwards)

-25
-w/multiple ferrous stained verticalfractures

~
100 from 21.1 to 23.9 ft

-
(30) -core blocked 23.aft.

~
-w/ferrous stained verticalfracture from 23.9 to

- 25.Oft
- -w/numerous marly laminations from 25.0 to 758.3Ho 26.1 ft 30.0I- I-w/open vugs (up to l/a") from 26.2 to 26.5 ft I
- :-w/jerrous stained vertical fracture from 26.3 to I
- 127.1 ft I
- vw/multiple fractures (-45 0) from 27.1 to 27.5ft:
-35- ~P~~~~~P~~______________ J
- NOTES:
- I) Boring was advanced dry to the 135-ft depth
- and groundwater was not encountered above that
- depth prior to coring.
-40- 2) N 13,792,321.0, E 2,219,783,0, coordinates
- were provided by CH2MHill, Inc.
-
-
-

COMPLETION DEPTH: 30,0 ft DEPTH TO WATER: See Note

DRILL DATE: 07/11/08 PIEZOMETER LEGEND
/,---", ~ - Grout Bil-Bentonite 1ITillI- Sand mll- Cave-in-tlt;t::; -------.--~_.-------
~~\-'

U = Unconfined (tsf) P = Pocket Penetrometer
Q= Unconsolidated T = Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)



LOG OF BORING B-5

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

a:: ?f. l:O= :!'
i::~ 0:::,: 0$ c,

f- o N"( ;><U '"c,
'"'

r;/) tJ..la::~ zwf-
~~" 0$ Zoo Z(.lJ" f-

~ c, 0 Cl ~a:~ LAYER Q~
",,,

~
0 .....1 U'l E- 0' STRATUM DESCRIPTION f-z S E-" ow 0> o E-" 0

'" f->< z> zw Z
:E 0.. ~oe ELEV.I «::; 0- Cije:1 -- f-'" roc, :E OO~ above _:E OOw 0000

"'5 «0 -0 '"ro ;>< -e .....1(.l..,~ '"':3 0000 000 Z_
0 00 grade DEPTH '"'Z «~ «0 ::>w f-

00 '" '" ft U ,,- c, "N
'"

00

A SURF. EL 769.5 ft± Job No. 1004-0125

~
22 I\~~wn lean CLAY with sand, w/trace limestone I /0"04

-
avel. CL (Residual Soil) 001

-
- ~ 50/5" Tan lean CLAY with sand, w/scattered limestone

-

~
fragments, rootlets, calcareous pockets and some

-5- 59 ferrous staining. CL (Completely Weathered 31 II 00 89
Limestone)

-

~~
34

50/6"-
23 5 96 7131-

50/5"-10-

~'/
756.84'/

~

100 Tan LIMESTONE, moderately weathered, 12.7
=c= (83) moderately hard to hard, w/scattered marly

f-15

~
68 seams and layers. (Edwards)

(7) ow/siltfilled vugs from 1402 to 150 0 ft
-calcite-coated vug (3/4'J at 1505ft
ow/numerous marly seams and layers from 16.1

- to 19.2ft
f-20
~ 97

k-core blocked 17.0 r 749.5

Light gray to tan LIMESTONE, moderately 20.0

-
=c= (65) weathered, hard, fractured, w/numerous ferrous

~
stained fractures, abundant fossil fragments,

- occasional vuggy zones and chert. (Edwards)
-25 -clay seam w/limestone fragments from 22.3 to
- ~

77 22.5 ft
- (57) ow/scattered chert nodules (up to l ")from 24.0 to
- =c= 25.3 ft
- =c= -chert seam from 25.6 to 25.8ft

ow/occasional clayfilledvugsfrom 26.4 to 28.9 739.5-30
~ I 30.0-

- rcalcite-coated vugs (up to 2'J from 27.4 to 27. 7 1

- 1ft I
~

~~~~~~~~~~l~~~__________ J
NOTES:

-35- 1) Boring was advanced dry to the 13.0-ft depth
and groundwater was not encountered above that
depth prior to coring.

~
2) N 13,792,114.1, E 2,219,725.6, coordinates
were provided by CH2MHill, Inc.

f-40-

-

-

~

COMPLETION DEPTH: 30.0 ft DEPTH TO WATER: See Note

DRILL DATE: 07/11/08 PIEZOMETER LEGEND

U= Unconfined (tst) P = Pocket Penetrometer
Q=Unconsolidated T <Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~ - Grout SiI- Bentonite ![ji - Sand B- Cave-in ___,2LA-lEoL



LOG OF BORING B-6

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

0:: $.
IO::::!

"' ~~ ci~ O~ 0-f-< ON« :t
0- -' if.! P.1 ~.-':. zwf-< ",,", 0.'* z 0, Z '""

>-u f-<>J.1 0.. 0 0. ~o::~ LAYER Q& ",,,
I' 0 ...:l <Zl f-< 0' STRATUM DESCRIPTION !"z S f-<~ 0'" 0> o f-<' 0

'" ~'" f-<>< z> z'" Zf-< =< 0.. 3:0 ~ ELEV./ «f-< CY- -'" (iJ:'ll f-<:t coc, =< 00- above "6 -=< "''" "'- -0 '"'" >- -c .....l>.I-<U grade DEPTH -'::l <0 "'~ ~o 501 f-<0 '" '" '" i:j -'z «7 «0
'"rt U ,,- c, "N "rr=il SURF. EL 758.7 ft± Job No. 1004-0125

-

~
49 It~own lean CLAY with sand, w/trace limestoneI1/"~.o 30 9 92 54

raveL CL (Residual Soil) 0.1
-

Tan lean CLA Y with sand, w/scattered limestone- ~
13

- fragments, rootlets, calcareous pockets and some

- 5 ~ 60 ferrous staining. CL (Completely Weathered 23 5 82 25

-
Limestone) 752.7

- 5= 48 Tan LIMESTONE, moderately weathered, 6.0

- (0) moderately hard to hard, w/scattered marly

E seams and layers. (Edwards)

-10
-100% water loss from 6.0 ft to TD

- ~ 85 -w/multiple ferrous stained vertical fractures

-

~
(37) from 10.0 to 13.0 ft

-

-

-15

~ 87 -w/numerous marly seams from 15.0 to 16.9 ft
(481 741.8- f:= Light gray to tan LIMESTONE, moderately 16.9-

E weathered, hard, fractured, w/numerous ferrous-
stained fractures, abundant fossil fragments,

-20

~
100 occasional vuggy zones and chert. (Edwards)

-
(8) -w/ferrous stained vertical fracture from 16.9 to

- 17.8ft
- -w/numerous clay filled vugsfrom 20.0 to 21.5 ft-1=

=
25

1
-core blocked 22.Oft.

73 -chert seam from 22.2 to 22.3 ft

(60) -w/numerous vertica/fracturesfrom 22.3 to 25.0
ft 731.2

-~ -clay filledvoidfrom 25.0 to 27.5 ft 27.5
-
~ -chert nodule from 28.1 to 28.3 ft

-30

~
93

-limestone breccia from 28.1 to 28.9 ft
-

(78)
-chert nodule from 29.8 to 30.0 ft

-

E
-w/occasional open vugs from 29.8 to 30.5 ft

- -fracture (_25 0
) at 30.5 ft

- -pittedfrom 30.5 to 37.5ftrr--35

~
93-

(43) -w/clay coatedfractures from 35.6 to 44.0 ft
-
-
-
-40

fi= 72-
(42)-

E-
-w/clay filled vugs, some calcite coated from

tr; 44.0 to 61.5 ft

COMPLETION DEPTH: 130.0 ft DEPTH TO WATER: See Note

DRILL DATE: 07/14/08 PIEZOMETER LEGEND
~ - Grout BS- Bentonite !iEEI- Sand m-Cave-in

U= Unconfined (tsf) P = Pocket Penetrometer
Q= Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

--PbA+E-8a



~.----_._.. --- -- -~------ -------- - - ------------ ---------

LOG OF BORING 8-6
~-_.------------------_._-...._------------, ..__..~-------------_._---------- -----".~.._----- .- ..-._------------------ _-.-._-----------

Dry Carnal Creek Flood Retarding Structure
Carnal County, Texas

TYPE: Sample/Wet Rotary LOCATlON: See Plate 2

" "$.
:::co::::!

" >-"$. o~ O"$. "-f-< UN'" '"c, -' r.Il ~",...:; zwf-< ",e: o;f f-<", z 0, Zui ""U f-<>r-l p-<oQ --w LAYER uS:: ",,,
",' 0 .....l U)E-0 Nc..O STRATUM DESCRIPTION "'z S E-" 0'" 0> oe: 0

'" f-<", f=~ z> Z'" Zf-< :E 0.. ~oc ELEVi -<f-< a- -'" r;;Vi f-<J: '"" ~ 00---
~5

_:E "'''' "'- -0 '"'" "" -':l -<0 ",,,, "'0 z-0 '"
< >_HI., ii DEPTH -'z -<"" -<0 =>~

f-<

co '" '" u ,,- c, "N '"
SURF. EL. 758.7 ft± Job No. 1004-0125

f-L- 58 -core blocked 44.0 pipe was pulled up-
~ (20) Light gray to tan LIMESTONE, moderately-

~
weathered, hard, fractured, w/numerous ferrous
stained fractures, abundant fossil fragments,

f-50
occasional vuggy zones and chert. (Edwards)

~
92

(61)

~
-vertical fracture from 52.6 to 53.4 ft

-

f-55
75

~
(9)

-60

~
98

- (77)
-pittedfrom 61.5 to 65.5 ft

~- -fracture (_45°) at 63.6ft
-65

100- ::r= (72)-

~-
-
~-70

_"I
62

(32)
-open voidfrom 71.6 to 72.8 ft 685.9

-open voidfrom 73.4 to 74.4 ft
72.8

684.3

95 -w/occasional open vugsfrom 75.0 to 77.5 ft 74.4
- ::r=

~
(52)

- -w/numerous vertical fractures from 77.5 to 79.0
f- ::r= ft
f-80

~ 77
(43)

::r=
f- ~f-85

~
40 -crystalline coated vertical fracture from 84.6 to

(7) 85.Oft
-w/numerous calcite coated vugs, some clay
filled. pittedfrom 85.0 to 114.0ft

-

COMPLETlON DEPTH: 130.0 ft DEPTH TO WATER: See Note

DRlLL DATE: 07/14/08 PlEZOMETER LEGEND
(;D ~ -Grout BiJ - Bentonite [] - Sand 11m -Cave-in-«j<9 ----.-------

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)



LOG OF BORING B-6

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

c::::: '$.
Io:::! $. >-'$. o~ o"$. c,

f- UN'" ,.U J:
"- ..l r.t:J >.Q 0::::"-:: ZOlf-

'" f-" a'$. f-.-< Zoo Z," ",0. f-
:i 0 ~ ~oCl ~o:~ LAYER

~z 51-<" tic:: 0'" 0> 0

'"
....J VlE-O' STRATUM DESCRIPTION ~x z> zOl 0": zf- :E Q.. ~o5 ELEV.I ",f" 2:1 ~Ol Vj::9 Vir;] f-J: '"0. :E 00- :<8 "'0 -0 '"'" >- -c ...n_~ ..l::i ~~ ~o z_

0 ~ DEPTH ..lz "'"" "'0 :0'" f-
~'" 0.- Q. o.N :< ~

SURF. EL. 758.7 ft± Job No. 1004-0125
f-l- 77 Light gray to tan LIMESTONE, moderately

~
(52) weathered, hard, fractured, w/numerous ferrous

stained fractures, abundant fossil fragments,

~
occasional vuggy zones and chert. (Edwards)

f-95 tr; 70-

- l-r-r- (24)

- I:I=
-

~-10IT
53
(0)-

~
~ tr;
HO:>"

~
48
(0)

-

-lilT
~ 648.2

40 -open void from 110.0 to 110.5 ji

~
(17) 110.5

-

-11 Q.
-w/numerous vertical fractures from 114.0 to

~
100 120.0ji
(72) -w/numerous vertical to steepiy inclined

P= fractures, some ferrous stainedfrom 115.0 to

g= 1l9.5ji

-12

~
92

- (26)

-
- NOTES:

1) Boring was advanced dry to the 6.0-ft depth-12

~
97 and groundwater was not encountered above that-

(78) depth prior to coring.

~
2) N 13,791,930.7, E 2,219,736.9, coordinates
were provided by CH2MHill, Inc.

-13'T - f------------------------- 628.7
130.0

-

-

COMPLETION DEPTH: 130.0 ft

DRILL DATE: 07/14/08
__ r~l.C ~~ .__

"C<;;

DEPTH TO WATER: SeeNote

PIEZOMETER LEGEND
1mI- GrOllt SiI- Bentonite flli] - Sand Bo Cave-in

U=Unconfined (tsf) P = Pocket Penetrometer
Q= Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~---gl.A-TE-8c



LOG OF BORING B-7

Dry Carnal Creek Flood Retarding Structure
Carnal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ "$ ::co= ;R
~~ ci~ at: "'f- UN"" r U 0:

c, ..l ell ~ ~ '""" zwf-

"'"' Cl~ ZO Z(.l.l" f-P-1 Q" 0 Cl ~c::~ LAYER Q~ 0'"
,,"-

0:' 0 ~ Ulf-O' STRATUM DESCRIPTION Wz 5 f-" 0> Of-' 0

'" f-w f-X 2:G; zw zf- ;;: Q" ~oe ELEY.I ""f- 2:1 COw (;len ta ::!c, ~ 00-'" above ~z
co-

W r -c _H~U grade DEPTH ..l:J ""0 ",,,, "'0 z_
e-0 '" GIl ~ ~ 0 ..lZ ",,'" ",,0 ::>wn U "-- c, ,,-N

~ '"
A SURF. EL. 747.3 ft± Job No. 1004-0125

~
Tan lean CLA Y with sand, with scattered 26 8

- limestone fragments. (completely weathered 7453
f-L--- 50 Iwmestone) I 2,0-

~
(28) limestone boulder 0,8 - 13 ft.

-5
Light gray to tan LIMESTONE, moderately 600 (D

~
65 weathered, hard, fractured, with numerous

(38) ferrous stained fractures, abundant fossil
fragments, occasional vuggy zones and chert.
(Edwards)

737.9-5,0 to 6,5 ft. with multiple fractures and clay 550 (D-10 =r=
80 seams 9.4

~ (43) -8,1 to 9,4 ft. clay filled void
-10 to 12,2 ft. multiple fractures and clay seams

-

~
and layers

- -multiple healed to partially healed vertical
-15

~
100

fractures with occasional pits and vugs, 700 (D
(92) [100% water lossfrom 16ft to termination

- ~
depth]

-

-20
,--

19.6 to 20,4 ft. extremely fractured, healed

~
73 550 (D-

(57)- -21.3 to 27.0 fl. abundant calcite coated and clay
- coated vugs (up to 2.5")
-
f-25 --'--- 87 250 (]

=
(80) -264 to 30fl. multiple healed vertical fractures

f-30

~
92 -30 to 30.1 fl. chert nodule 200 (]

-
(18) -30.1 to 30.3 fl. limestone breccia

C
::r:= -31.1 to 35.0fl. extremely fractured with

f-35- occasional open vugs (up to 1'~

-vertical void from 33.6 to 35 fl 7123
28 35 to 35.1 fl. chert nodule 35.0 600 (I- ::r:= (13) -35,4 to 43.0 fl. abundant calcite coated and clay-

~
coated vugs (up to 3'~-

-
-40

~
87 550 (]-

(55)
-40.3 to 40.6fl. chert layer with healedfractures

- -vuggy with calcite crystals 41.3 to 43 ft.

~ -43.0 to 45ft, pitted with healedfractures

COMPLETION DEPTH: 60.0 ft DEPTH TO WATER: See Note

DRILL DATE: 10/13/08 PIEZOMETER LEGEND
/~·;::'l !§I- Grout Eli - Bentonite ~ - Sand 1l!lI- Cave-in

--rx)::';
'~j,,J

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = PointLoad (psi)

.~~~__gLA:rE-9a



LOG OF BORING B-7

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

cz:: t?- IC::::!
'" >-~ ci~ c5;t '"f-<

if.) co C::::,....::
UNO:

,.U :t
c, ...< zw .... "' ..... 0;,': f-<--< z 0" Zoi bro Q" 0 Ci ~a:~ LAYER u~ ","-
:t" 0 .....:I Vl~O' STRATUM DESCRIPTION "'z ;S...." 0'" 0> or-:

"' f-<", ;::~ z> z'" zf-< :E 0.. ::;-oE::.. ELEV'/ « .... a- -'" V)Vl .... :t coc, :E OO~
''is

_:E "'''' "'- -0 '"'" ,. < .....:I~u DEPTH .....:l:J «0 "'''' "'0 z- to0 '" U'.l III ~ '"'z «7 «0 ::0'"U "-- c, ,,-N

"SURF. EL. 747.3 ft± Job No. 1004-0125

- E
87 -45 to 47.0 ft. abundant calcite coated and clay 400 (1

(61) coated vugs (up to 1 'J
-46.8 to 48.6 ft. abundant calcite coated pits

- -48.2 to 51.2 ft. abundant calcite coated and clay
-50 IT- coatedvugs

~
82

(72) 500 (1

-
-

~
-53.7 to 55.4 ft. abundant calcite coated and clay

-55
77 coatedvugs

-
~ (55) -55.4 to 55.9 ft. limestone breccia

-

~- 600 (I

-
-60 I ------------------------- 687.3-
- 60.0

- NOTES:

- I) Boring was advanced dry to the 2.0- ft depth

- and groundwater was not encountered above that

f-65-
depth prior to coring.
2) N 13,791,770"8, E 2,219,722.1, coordinates

~
were provided by CH2MHill, Inc.

-70-
-
-
-
-
-75-
-
-
-
-
-80-
-
-
-

-85-
-

COMPLETION DEPTH: 60.0 ft DEPTH TO WATER: See Note

DRILL DATE: 10113/08 PIEZOMETER LEGEND

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~ - Groll! BiI- Bentonite [ill- Sand mII-Cave-in ___-'PLAIE9.b



------_._-_._"'---------- .,,--.- ------------ --,- --------~,---------- - --,..-------------'" -------~,.-----,----~-,-------_.

LOG OF BORING B-8

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

0::: ;;..
r.o::::!

'" >-'" o~ 0;;" u,
f-< UN'"

t~ >-U ::c
"-

'""'
r.n (.lJO:::;,.-!; zwf-< "eO 0;;" z 0, Zui f-<(.lJ P-. 0 0 --w LAYER ,,'"::c. 0 ....l co E-< 0' Nc..O STRATUM DESCRIPTION wz ;Sr-: u'" OW 0> oeO 0

'" f-<w E=:x ~G zW zf-< :E P-. ~oc ELEYI '"'f-< 0-
~w OOVl E-<=

~c, ~ OOU above "5
_:E

~- -"w >- '""'::i '"'0 ~~ ~o z-
0 ~

-c ,-HI.<>-:.1 grade DEPTH '""'Z "'~
,",0 ;JW f-<

~ '" " rt U "-- c, ,"N

"
~

A SURF.EL 7l5,5ft± Job No. 1004-0125

-
~'t;

29 Tan GRA VEL, COBBLES and BOULDERS,

- w/brown fat CLA Y seams. (Alluvium)

- '.:,' 28 41 25 90 34
~,. 50/6"
~.. ,.

62- 5-

~I 45 31 18 89 31
50/6"

707.0'" 'AO>
-'---

33 Tan LIMESTONE, moderately weathered, hard, 8.5
-10 ,- fractured, w/abundant clay filled vugs and(0)

I~
50 fractures, scattered voids and secondary calcite.

(10) (Edwards)
- -w/numerous clayfilledvugsfrom 8.5 to 32.8.ft
-

-w/verticalfracturefrom 14.0 to 14.5ft-15 I-l- 85

- ~
(19) -w/vertical fracture from 16.0 to 16.6 ft 698.1

- -open voidfrom 17.2 to 17.4 ft 17.4

~ -50% water loss at 172 ft
-20

~
90

(40)

~
692.1

-open voidfrom 23.2 to 23.4 ft 23.4
-w/multiple vertical fractures from 23.4 to 25.6ft~25 ...L- 100

=i (43)
-crystalline coated vertical fracture from 26.5 to 687.7
27.4 ft 27.8

~30 ~
-calcite coated voidfrom 26.7 to 278. ft

685.5

-~ 100 -open voidfrom 29.6 to 30.0 ft 30.0

- 1== (58)

~
-35

97 ow/numerous clay filled vugsfrom 34.6 to 35.Oft

~
(78) ow/multiple vertical fractures from 36.3 to 37.9 ft

-
- ::r:=
-40

~
78

(13)
ow/numerous clayfilledvugsfrom 40.2 to 67.0ft

-

-core blocked 43.Oft.

COMPLETION DEPTH: 115.0 ft DEPTH TO WATER: See Note

DRILL DATE: 07/15/08 PIEZOMETER LEGEND
_'/';'\?\ ~______ ~-Grout Elil-Bentonite Ii:illl-Sand I!lI-Cave-in

\(-.-}()

U = Unconfined (tst) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

PbA-lE--10a



LOG OF BORING B-8

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

0::: ;t-
IO::::!

'" ~~ ci~ O~ c,

t UN" '"~
GIl '-QO:::~ Zw>- '" "

a:t z 0. Z u..:f ,.u
>-"'-lo..oo ;;::;o::~ LAYER W~ 00: ",'"

"," 0 ....l <Zl f- 0' STRATUM DESCRIPTION S E-" OW 0> 0,", 0
'" >-00 ~~ z> ZOO Z>- :>; o- ~oe:., ELEV./ ,,>- 0-

Cii::9 -- E-:I: 00c, ~ 00""" ;::z -:>; C/l>.!-1 ~~ -0 '"00 ,. -c .....l~~ DEPTH ~:J "0 ~~ ~o z_ >-0 ~ 0 ~z """ "0 ;:000

~ '" '" u '"- c, ,"N ;:: ~

SURF. EL. 715.5 ft± Job No. 1004-0125
-'--- 62 Tan LIMESTONE, moderately weathered, hard,-

~
(27) fractured, w/abundant clay filled vugs and-

-
fractures, scattered voids and secondary calcite.

-
(Edwards)

-50
,-

~
18-
(0)

-
-
-55

18-

~
(0)-

-
-
-60

~
48-
(0)

- ::r:=
- =;=
f-65

~
60

(22) 648.5
Light gray to tan LIMESTONE, moderately 67.0
weathered, hard, fractured, w/numerous ferrous

f-70
stained fractures, abundant fossil fragments,

= 100 occasional vuggy zones and chert. (Edwards)

~
(62) -core blocked 69.0 ft.

-w/verticalfracturefrom 71.0 to 71.8ft

- -chert nodule at 73.8ft
-75

33 ow/numerous clay ftlled vugsfrom 74.0 to 79.0ft
-

~ (0)-
-

~
-80 -core blocked 79.0pipe was pulled up= 57 ow/numerous open vugsfrom 80.0 to 91.0 ft

-

~
(0) -core blocked 81.0ft.

- -pipe was pulled up due to burned out core bit

f-85

~
80
(0)

~ -core blocked 88.0 ft.

COMPLETION DEPTH: 115.0 ft DEPTH TO WATER: See Note

DRJLL DATE: 07/15/08 PIEZOMETER LEGEND
~ - Grout EIil-Bentonite ~ - Sand mII-Cave-in

U= Unconfined (tsf) P = Pocket Penetrometer
Q= Unconsolidated T = Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

"__~ ~LAIE.-tOb



LOG OF BORING B-8

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ '# IO::::!

" ~~ 0'$ c,
f- UN" ~$ >-U :I:

"' -' ca ~ ~...-:: ZUJf- o:e-' o::R Zoi f-
(.l.l ~OCl ~o:~ LAYER GS: c ~.f

0:"-
:i 0 .....:l U)E-0 STRATUM DESCRIPTION UJz Sf--<" 0> Oe-' 0
f- cc P..3=oS ELEV'/

f-UJ a- ~X Z> zUJ f-:I: Z
c, :E "f-

:i~
~UJ

_UJ (ZiCil ::l:E OO~ 30z ~- -0UJ >- -c -J""", U «0 ~~ ~o z_
0 ~ ~ cc ::l DEPTH 0 ,..JZ ".,. "0 O~

f-
U "-- c, ,,-N ~

SURF. EL. 715.5 ft± Job No. 1004-0125
--'---- 67 Light gray to tan LIMESTONE, moderately- .- (8) weathered, hard, fractured, w/numerous ferrous-

- stained fractures, abundant fossil fragments, 622.5
r occasional vuggy zones and chert. (Edwards) 93.0-
r- -core blocked 92.0 fl.

-95

~
87 -clay filled void from 92.0 to 93.0 ft

-
(13) -w/numerous clay fliled vugs from 93.0 to 95.0 fl

~ -core blocked 94.0 fl.

riO
47

~ ~ (II)

~
-core blocked 103.5 fl.

-10 ::r:=

= '=iii 35
(17) -clayfllledvoidfrom 106.0 to 107.0fl 608.5

~
107.0-

-
-11

17-

~
(12)

-

HI5-~ -- ------------------------- 600.5r--' 115.0
~

NOTES:

- 1) Boring was advanced dry to the 8.5-ft depth
and groundwater was not encountered above that

H2()-
depth prior to coring.
2) N 13,791,552.2, E 2,219,769.6, coordinates

- were provided by CH2MHill, Inc.
-
-
-
-125-

H3()-
-

-

-

COMPLETION DEPTH: 115.0 ft DEPTH TO WATER: See Note

DRILL DATE: 07115/08 PIEZOMETER LEGEND

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~ - Grout Bil- Bentonite !IT! - Sand B- Cave-in ~~ . ~ f.!LA_1=E_1-0c



LOG OF BORING B-9

Dry Carnal Creek Flood Retarding Structure
Carnal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

0::: '$.
:co::::!

'" ~~
0;1: c,

f- ON"
~'$. ,.U ~c, ..J

ell UJ 0::: ~ zwf- ",,", o'$. z,"
UJ Q., 0 0 --w LAYER OS:: 0'" "'~:i 0 .....:l GIl &- 0' Na.O STRATUM DESCRIPTION Wz 5&-0 0> Of-' 0

rn f-w ~x z> Zw Zf-
:E 0.. ~o5 ELEV/ "f- G- _w Vi Vi f-:t Clc, :E OO~ above ;.Z

_:E ~Cl
~- -0 '"ui ,. -c ..J c, gj ..J::1 "0 ~~ ~o z_

0 ~
grade DEPTH 0 ""z "'" "0 :>~

f-
~ rn ft U "-- c, ~N

~

In SURF, EL 768,8 fti Job No, 1004-0125
/// 8 Light brown lean CLAY with sand, w/trace 767,8 84 55 89 47

~
50/1S r'\limestone gravel. CL (Residual Soil) r 1,0

100 Tan LIMESTONE, moderately weathered, hard,

- ~
(79) fractured, w/scattered zones of secondary

- 5
calcite, micro-vugs and some ferrous staining,

- t:r= 95 (Edwards)

~
(95)

-
-10 :::= 62 -vertical weatheredfracture from 9.8 to 14.2 fl

(10)

~-15

~
100-

(100)-
-
- ~-20

= 85

~
(65)

-calcite coated vugsfrom 22.4 to 28.Oft

~25--
-open voidfrom 24.1 to 24.7 fl 744.1

-~
73 -100% water loss at 24.1 ft to TD 24.7

(52)- 1=-
lI=

-30 rr-- -w/numerous vertical fractures from 29.4 to 34.0

~
100
(93)

fl

-
-
-35

~
98-

(98) -steeply inclined fracture at 35.6fl

-vertical weatheredfracturefrom 38.2 to 38.6fl
tr;

-40

~
100-

(100)-
-

~
COMPLETION DEPTH: 146.5 ft DEPTH TO WATER: See Note

DRILL DATE: 07/07/08 PIEZOMETER LEGEND

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

1mI- Grout BiI- Bentonite lliili! -Sand BB - Cave-in ~ ELAIE_1_1 a



LOG OF BORING B-9

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

.:::: '$. IO=

'" >-* ci~ ci~ c,
f- UN'" '""" ...< VJ '"-l p:: ..-::. ZWf-

~!-<" 0* gg Zoo Zoi >-U f-'.il i:l-.oO ~a:~ LAYER ","-

t" 0 ....:l r;/) f-< 0' STRATUM DESCRIPTION f-z :3f-.; OW 0> c s- 0

'" f-X z> z"' Z
~

Q.., ~o~ ELEV.I ","' z';1 -"' Vi en !-<:I: co2:00- ~!< "'"' "'- -0 '""' >- ...c ....Ht.. U
DEPTH "'<::1 <0 ",,,, "'0 513 f-0 '" IJJ Q:l ~ 0 ...<z <7 <0 '"u "-- c, ,,-N

~
SURF" EL. 768"8 ft± Job No" 1004-0125

J- 78 Tan LIMESTONE, moderately weathered, hard,-

~
- (43) ~~/scattered zones of secondary calcite,

r
721.7

micro-v~~s and some ferrous staining. 47.1
Edwards

e-50
Tan LIMESTONE, moderately weathered,

= 32 moderately hard to hard, w/numerous clay filled
-

::r= (8) vugs and solution features, some calcite filled,
- and ferrous staining. (Edwards)
-

~
-w/numerous clayfilledvugsfrom 47.1 to 75.4ft

-
-55
-

~
62

(37)

- ~
f-60

F
90

- (23)

-

f- 65 i-T-

~
83

- (44)

-

~-
-70

~
87

(57)

~-
h-

-75 693.3
- --,

Light gray to tan LIMESTONE, moderately 75.5

~
(62)

weathered, hard, fractured, w/numerous ferrous
stained fractures, abundant fossil fragments,
occasional vuggy zones and chert. (Edwards)

-80

~ 70-
(38)- 0=

- b=
b;:;;:;

-clay filled void from 84.5 to 85.0 ft 683.8-85 fi= 50 85.0

l::c (0) -w/numerous clay filled vugs from 85.0 to 124.0
-

~
ft
-possible core blocked 87.5 ft.

-

COMPLETION DEPTH: 146.5 ft

DRILL DATE: 07/07/08

DEPTH TO WATER: See Note

PIEZOMETER LEGEND
~ Grout 8i!I-Bentonite !!iliI- Sand UBI - Cave-in

U= Unconfined (tsf) P = Pocket Penetrometer
Ov-Unconsolideted T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)



LOG OF BORING B-9

Dry Cornal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ '$.
IO.::! oR

~~ o~ O~ "-E- UN"" r U '"c, -'
Vi >.Q,e.:::,..--:; ZwE- ~ E-" Q~ Zo. z; >.r.,f ","- E-'.Ll c, 0 Ci --w LAYER Oi:i:

'"
0 ....J en E- a Na...O STRATUM DESCRIPTION wz S E-~ ow 0> 0>-' 0

E- Ol
Q., ~o~ ELEV'/

E-w 0- f=::'< z> zw E-'"
Z

c, :E ~ 00--
«E-

::3~
~w 2rj=== CiiVi -0 g;!ro r -<:::: ._n·I., &i DEPTH "'5 «0 ~~ ~o z_ E-o ~ -'z «~ ",,0 ::oW

~Ol '" U '-- c, ,,-N

'"
~

SURF. EL. 768.8 ft± Job No. 1004-0125

-

~
8 Ligbt gray to tan LIMESTONE, moderately

- (0) weathered, hard, fractured, w/numerous ferrous

- stained fractures, abundant fossil fragments,

- occasional vuggy zones and chert. (Edwards)

-95 r-r- -core blocked 91.0 ft.

~
13 -w/numerous clayfilledvugsfrom 85.0 to 124.0

- (0) ft

-

~
-core blocked 97.0 ft.

-
-10

5= 35 -core blocked 100.0 ft. not receiving good-
(25) recovery from 90.0 ft.-

~-

-IO~
tr;

~
28 -core blocked 105.0 ft. pipe was pulled up

- (0)

-
-
-11

48-

~
(0)-

-
-
-11~

~
62 -core blocked 115.0 ft. pipe was pulled up
(8)

~-]2

~
60
(0)

-]2

~
58

(13)
:::r=

~
-13~

~
77

(32)

:::r=

COMPLETION DEPTH: ]46.5 ft DEPTH TO WATER: See Note

DRILL DATE: 07/07/08 PIEZOMETER LEGEND
~ - Grout Silo Bentonite !ITI- Sand 1mI- Cave-in

U=Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

______________________ E'LA-TE_'l1 c



LOG OF BORING B-9

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

>Z '$. Io:::!

" >-<'#. ci~ 0'$ c,
f- "N« >-u :t
c, -' sa u:l IX ...-:: zwf- "'e' o'$. f---' Zoo zwo f-
:i 0 \.I.l CL..OO ~o:~ LAYER p.1z Sf-<" OC:; 0"' 0> ",0. 0

OJ ..J CI) f- 0' STRATUM DESCRIPTION ~w f:>< z> ZOO Oe' zf- :; o..3=of:S ELEV./ «f- a- _w CilUl E-:r: w0. ~ 00"- "5
-:; "'w "'- -0 '"w >- -c ,_H"'..~ DEPTH -':1 «0 ",,,, "'0 z- f-0 '" -'z -<7 «0 ;:JW

'" '" '" U 0._
0. o.N " '"

SURF. EL. 768.8 ft± Job No. 1004-0125
-'--- 90 Light gray to tan LIMESTONE, moderately

~
(23) weathered, hard, fractured, w/numerous ferrous

stained fractures, abundant fossil fragments,
occasional vuggy zones and chert. (Edwards)

-14v. 67
(18) -clay filled voidfrom 140.7 to 142.0ft 626.8

~
-core blocked 142.0 ft. pipe was pulled up due to 142.0
worn out bit

-14
17

-chert seam from 144.5 to 144.6ft
-,---

-EDt ~------------------------
622.3

-pulledpipe up due to wearing out a second 146.5
diamond bit and terminated boring.
NOTES:

-ISG- 1) Boring was advanced dry to the 1.1-ft depth
and groundwater was not encountered above that
depth prior to coring.

- 2) N 13,791,265.6, E 2,219,800.7, coordinates
were provided by CH2MHill, Inc.

-155-

-16G-
-

-

-165-
-
-

-
-170-
-
-
-
-
-175-

-

COMPLETION DEPTH: 146.5 ft DEPTH TO WATER: See Note

DRILL DATE: 07/07/08 PIEZOMETER LEGEND
~ - Grout 8i!I-Bentonite ~ - Sand B - Cave-in

U = Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T <Torvane

Undrained Triaxial (tsf) rs = Point Load (psi)

~~__~~LAIE.1.1d



LOG OF BORING B-10

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ '$.
IO::::! :!' >-~ 0;,R 0$ 0-

f- UN'" ,.U :J:
0- -'

(J) P-1~"'-::' zOlf-
" f-: a$ f---' Zo Zoi f-lr.l 0.. 0 Cl ~o:~ LAYER uS: 0""

,,0-
:i 0 .....J CI) t- 0' STRATUM DESCRIPTION Olz ;:; 1-.: 0> 0": 0

'" f-", ~x z> z'" i:if- =< Q., 3:oS ELEYI "'f- a- Ci)::9 Vi{/) f-:J:0- =< 00- above
"6 -=< "0", -0 c;

'" ,. -< _...H •. U -':i -<0 uoUO "00 z_
0 "0

"0 '" ::J
grade DEPTH

i~ "'.,.. -<0 "", f-
ft U 0- O-N

"
uo

rr=il SURF, EL. 775.9 ft± Job No. 1004-0125
-:./. 14 Brown lean CLAY with sand, w/trace limestone 774.9

~
\grave1. CL (Residual Soil) ! 1.0

- 28 Tan lean CLAY with sand, w/scattered limestone 45 31 85 35

~
50/5.5' fragments, rootlets, calcareous pockets and some

-
ferrous staining. CL (Completely Weathered

~5
15

~ 50/4.5' Limestone) 769.7 57 39 92 57-
-

~
jUlj' Tan LIMESTONE, moderately weathered, hard, 6.2

79 fractured, w/scattered zones of secondary-
(33)- calcite, micro-vugs and some ferrous staining.

-10 (Edwards)

P= 60 -w/r-Zt)" bedding planes from 6.2 to 15.0ft

~
(0)

P=
-15

=
100
(93)

-vertical weatheredfracture from 17.2 to 17.9 ft
-

-20

~
100-
(68)-

- -vertical weathered fracture from 22.0 to 22.6 ft

-
-chert nodule at 24. 0ft-25

~ 100
(50)

:r=

~
-30 --- ~'!'!c!i£a.!..':!'..e!!tJ!"!'!!!jrQc!u.!:..ejr..!J'!! 1'2.cQ..!Q... ~...oc2iL745.9--

30.0-

- NOTES:
I) Boring was advanced dry to the 6.3-ft depth

-35 and groundwater was not encountered above that
depth prior to coring.
2) N 13,791,220.9, E 2,219,542.4, coordinates
were provided by CH2MHill, Inc.
4) Approximately 26,000 gallons of water was

- used during coring operations.
-40
-

-

COMPLETION DEPTH: 30.0ft DEPTH TO WATER: See Note

DRILL DATE: 07110/08 PIEZOMETER LEGEND
'[~J~~~ ~ -Grout BiI- Bentonite ~ - Sand m!I- Cave-in

--()c,\j-
'\.....{-

U= Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (IS£) Is = Point Load(psi)



LOG OF BORING B-11

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

0::: ~
IO::::!

'" >-~ o 0 O'$. c,
e< UN''' J:c, -' IZl P.1~"--::' zw ....

~~ Cl~ '"""'" zO' Zw' >-u
b(.l.J c, 0 Cl ~a:~ LAYER DE:: ",ui ",0-

:Ii 0 .....J r.I) t-< 0' STRATUM DESCRIPTION e<z ;:if-'" ~~ 0"';co E=~ ~~ ze< :1 o- ~o~ ELEV; <{w 0- ;;]00 e<J: w0- :1 OO~ above ~!Z: _:1 "'w "'- -'" '"W >- <C ....l .... U grade DEPTH -'::1 <{a ",,,, ~o z_ e<0 ~
if) III ~ 0 -'z <{7 <{o :oW ~ft U 0-_

0- O-N ~
Fil SURF. EL. 704.8 ft± Job No. 1004-0125

~ ;•. Tan GRAVEL, COBBLES and BOULDERS,
w/tan fat CLAY layers. (Alluvium)

ft~-

- 5
~ 699.3

- Light gray to tan LIMESTONE, moderately 5.5
-

~
(35)

weathered, hard, fractured, with numerous
- ferrous stained fractures, abundant fossil
- fragments, occasional vuggy zones and chert.

400 (L)f-IO 0= (Edwards)

~
73 -9.1 to 9.6 ft. multiple healed fractures (45°)

(45) -9.8 to 11.4 ft. abundant clay coated vugs (up to
- :::r= 1.5')
- I--r-- 850 (]J-15

~
85 -14.5 to 15.3 ft. multiple healed/partially healed

(35) fractures
-15.8ft. claycoatedfracture (40°)
-16ft. clay coatedfracture (40°)
-17. 7 to 18.1 ft. clay layer

250 (t)f-20

~
90

-18.1 to 20.9 ft. abundant clay coated vugs (up to
-

(57)
1')

- -22.3 to 26.4 ft. abundant clay coated vugs (up to
- 1')

850 (L)-25 t= 90- b= (63) [100% water loss from 25.2 ft. to termination

~
depth]

-

f,--
-28.4 to 50 ft. abundant calcite coated and clay

150 (L)-30

!
55

coated vugs (up to 3')

- (27)

f-35 800 (L)
0= 55

-

~
(22)

-
-
f-40

~
40

(16) 450 (] 1

~-

COMPLETION DEPTH: 50.0 ft DEPTH TO WATER: See Note

DRILL DATE: 10/16/08 PIEZOMETER LEGEND
._(~D· ~ -Grout 8iI- Bentonite IillJ - Sand IlD - Cave-in-\c:x9 ---~-~----------------- --

U= Unconfined (tsf) P = Pocket Penetrometer
Qw Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = PointLoad(psi)

_________RLATE-13a



LOG OF BORING B-11

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

" '#
IO.::::! <f. ?:~ 0:;R 0* c.f- UN'" ,"U :tc. Vl ~ e:::...-::. ZWf- ffir-: O~ Zui f-

'""' >l.l 0...00 ~o:~ LAYER 00:
zo_ o:"":Ii 0 .....J CI) E- 0' STRATUM DESCRIPTION f-@ Sr-" OW 0> o f-- 0

'" E=$< ~~ z"' Zf- :E o...~oe:, ELEV/ <f- ry- U)VJ E-Z W0- ;E OO~ "6
_:E ~w

~- -0 0:"' '" -c ._H.l... &i DEPTH '""'::1 <0 ~~ ~o z- f-0 ~ '""'z <-. <0 :>"'~ '" 0: U "-- 0- o-N

"
~

SURF_EL 704_8 ft± Job No. 1004-0125
~ 18
::r:= (0)

~-50 654.8- r------------------------
50.0-

- NOTES:

- 1) Boring was advanced dry to the 5.5-ft depth

- and groundwater was not encountered above that

-55-
depth prior to coring.
2) N 13,791,483.0, E 2,219,878.6, coordinates
were provided by CH2MHill, Inc.

-

-
-60-
-

-65-
-
-
-

-70-

-

-
-75

-
-80

-85-

-

COMPLETION DEPTH: 50.0 ft

DRILL DATE: 10116/08
OJ--<:6<9 ---~~-~--

DEPTH TO WATER: See Note

PIEZOMETER LEGEND
ma -Grout Eli. - Bentonite ~ - Sand BIll Cave-in

U = Unconfined (tst) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~TE.i3b



LOG OF BORING B-12

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: SamplelWet Rotary LOCATION: See Plate 2

P:::: ~
:co::::!

'" ~~ ci~ O'$. c,fo- iZl >LiP::::"-::'
UN"

""U :t
c, ..l Zwfo- fa f-<" ad'( z 0_ Zd f0-Ul 0..0 0 --w LAYER Q& ,,""
:t" 0 .....J {/)t-<O' NC.O STRATUM DESCRIPTION fo-z :3 f...; OW 0> Cl f-" 0
f0- m

0... :s: 0 e;, ELEV./ "I': 9'51 fo-X z> ZW fo-:t Z
c, :E :E 0 o~ ~w (j)s:1 00 00 w
w ""

above

"15 ..l:J <to -0 "< -l c, ~ grade DEPTH ~~ ~o z_ s-0 ~ ~Ol ..lZ <t7 <to ;:>w
~ft U ""- c, ,,"N

"A SURF. EL. 705.2 ft± Job No. 1004-0125

-

I
Tan GRAVEL, COBBLES and BOULDERS, 39 23

- w/tan lean CLAY layers. (Alluvium)

-
-
- 5 699.7
- -'--- 38 Light gray to tan LIMESTONE, moderately 5.5
-

~
(0) weathered, hard, fractured, with numerous

- ferrous stained fractures, abundant fossil
- fragments, occasional vuggy zones and chert.
-10 (Edwards) 100 IL1

-

~
67 -5.5 13.8fl. abundant clay coated vugs and

- (37) numerous fractures (up to 2 'j
-

-
-15 = 100

-

~
(70)

-16.5 to 18.5 ft. fractures 500 (lJ

-20

~
93 -20.3 to 20.6fl. limestone breccia 400 (L)

- (52) -20.6 to 22.3 fl. abundant clay coated vugs and
- ::r:= numerous fractures

-25
::r:=

-

~
100 -25.2 to 27.2fl. abundant clay coated vugs and 600 (t)

- (85) numerous fractures
-

-

-30 -,--
-

~
82 450 (L)

- (43) -31.2 to 60.7 ft. abundant calcite coated and clay
-

~
coated vugs (up to 3'j with multiple healed

- fractures

-35

~
73 550 (t)-

(40)

- ~-

-40
,--

~
57 550 (t)

- (35)

-
-

COMPLETION DEPTH: 100.0 ft DEPTH TO WATER: See Note

DRILL DATE: 10/17/08 PIEZOMETER LEGEND
-~A ~ -Grout 8iI- Bentonite ffi] - Sand 1lmI- Cave-in

---~(,A(":L!
'~.....J.,J

U = Unconfined (tsf) P = Pocket Penetrometer
Q= Unconsolidated T = Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

______~LAIE..1Aa



LOG OF BORING B-12

Dry Carnal Creek Flood Retarding Structure
Carnal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ ;g(
IO::::! :§:

~~ ci~ o$. c,f- UN'" J:
c,

is
r.Il '-U c::: --' Zwf-

"''"' Q$ ZO z U..l >-u f-ur c, 0 Cl ~o::~ LAYER 00: 0:"
J:" .....l Vl .... 0' STRATUM DESCRIPTION '"z ;s...." ow" 0> o f-" 0
f- Ol

o...~oes ELEV'/
f-w 0- ~~ z> Z'" f-:l: Z

c,
~ :2: 00"'- <Cf- -"' "''"

_w 00 00 ::lw ;;:z -'] <Co "'- -0-< .....l ~ u DEPTH "'~ ~o z- f-0 ~
if) etl ~ 8 -'z <C7 <co :>'" ~'"- c, "N ;;:

SURF. EL. 705.2 ft± Job No. 1004-0125
f-L- 48- f:r=- (20) 550 (t)

~-

-

-50 tT-
b= 42

~
(20)

-
-
-55

48- P= (8)-

~-60 550 (t)

~
65

(35)

~-65 -64.3 ft. steep ferrous stainedfracture (45") 700 (L)

-

~
40

(20) -65.7 to 69.6 ft. abundant vugs and fractures
-
-

- P= 750 (I.)-70

~
80

(19)

~-75 - 76ft. ferrous stainedfracture (45°) 750 (L)

f:r= 90-
(67)-

~- -77. 5 to 80ft. with multiple healedfractures
- P=
-80

~
38 -80 to 100ft. abundant clay coated vugs (up to

- (0) 3'J

f-
f-85 650 (L)

~
65

(22)

-
400 (])

COMPLETION DEPTH: 100.0 ft DEPTH TO WATER: See Note

DRlLL DATE: 10/17/08 PIEZOMETER LEGEND
ID ~ -Grout Bil- Bentonite ~ - Sand 1m -Cave-in--">..;'-(\-(ex:>

U= Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)



LOG OF BORING B-12

Dry Comal Creek Flood Retarding Structure
Comal County, Texas

TYPE: Sample/Wet Rotary LOCATION: See Plate 2

~ '$.
IO::::!

'" >-<~ 0;:R O~ c,
f- '-'w< :I:
"- -'

if] ~ ~,.-:: zwf-
'" f-- 0$ f-..< z, ZW' ""U f->r-l Q., 0 Cl ~c::~ LAYER OC:: ",0.

Ji 0 .....l ca f- 0- STRATUM DESCRIPTION Wz Sf-<" ow' 0> c f-- 0
OIl f-w 1=;;< z> ZW Zf- :E 0.. ~oe:- ELEV.! ""f- CI- _W VIr;} f-:I: W0. :E 00-

~5 :J~
~w

~- -0 '"is "" < ._H.L., U DEPTH «0 ~</O </00

5'" f-</0 {/} rn ~ -'z «7 ",,0
~U 0._ 0. o.N ~

SURF. EL. 705.2 ft± Job No. 1004-0125

-

~
5

- (0)

-
-
-95

~
20
(0)

l:I=
l:I=

10l}b=- --- ~------------------------
605.2
100.0-

- NOTES:
1) Boring was advanced dry to the 5.5-ft depth-
and groundwater was not encountered above that-

-105-
depth prior to coring.
2) N 13,791,454.2, E 2,219,776.5, coordinates-
were provided by CH2MHill, Inc.

-

I-
~11l}

-
-
-
~115-
-
-
-
-
-12l}

l-
I-

H25-

-
-
~13l}
-

-
-

COMPLETION DEPTH: 100.0 ft DEPTH TO WATER: See Note

DRlLL DATE: 10/17/08 PIEZOMETER LEGEND

U= Unconfined (tsf) P = Pocket Penetrometer
Q=Unconsolidated T =Torvane

Undrained Triaxial (tsf) Is = Point Load (psi)

~ - Grout 8iI- Bentonite [TIl- Sand m-Cave-in
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TERMS AND SYMBOLS USED ON BORING LOGS FOR SOIL
SOIL TYPES SAMPLER TYPES

~
CH, fat f2] SC, clayey

~
GC, clayey

~
CL, lean • Thin-Walled Tube

clays sands gravels clays

OJ SM, silty ru GM, silty illJ] ML, silts D SW,weli [J Auger Sample
sands gravels .:::. graded

~
GW,weli

~
Fill, D SP, poorly- [J GP, poorly [ZJ Standard

graded unclassified graded sands graded Penetration
gravels gravels

Test
SOIL GRAIN SIZE ref -Indicates failure to attain the initial 6 inchesu.s. STANDARD SIEVE

of sampler penetration with 50 blows (seating).
6R 3" 3/4" 4 10 40

IBOULDERS I COBBLES I GRAVEL I SAND

I COARSE I FINE I COARSE I MEDIUM I

200

I
FINE I

SILT I ClAY I
152 76.2 19.1 4.76 2.00 0.420

SOIL GRAIN SIZE IN MILLIMETERS

0.074 0.002

CONSISTENCY OF COHESIVE SOILS 1
21

UNDRAINED
CONSISTENCY SHEAR STRENGTH

Kips Per SQ. Ft.

Parting

Very Moist

sz
y

MOISTURE
-No water evident in sample; fines less than
plastic limit.

-Sample feels damp; fines near the plastic
limit

-Water visible on sample: fines greater than
plastic limit and less than liquid limit

-sample bears free water; fines greater than
liquid limit

Free water first observed.

Final water measurement
INCLUSIONS 11)

-Inclusion <1/8" thick extending through
sample.
-lnclusjon 1/8" to 3" thick extending through
sample.
-Inclusion >3" thick extending through
sample.
-<5% of sample.
-5% to 10% of sample.
-10 to 25 % of sample.

CONDITION OF GRANULAR SOILS 12)

NUMBER OF BLOWS RELATIVE
PERFL N DENSITY

0-4 Very Loose

4~10 Loose

10~30 Medium

30~50 Dense

Over 50 Very Dense

Dry

Moist

Wet

Seam

Layer

Trace
Few
Little

Alternating layers of varying
material or color with layers at
least 6 mm thick.

Cohesive soil that can be broken
down into small angular lumps
which resist further breakdown.

Alternating layers of varying
material or color with the layers
less than 6 mm thick.

Fracture planes appear polished
or glossy, sometimes striated.

Breaks along definite planes of
fracture with little resistance to
fracturing.

CRITERIA

Less Than 0_25

0_25 to 0_50

0_5to 1.00

1.00 to 2.00

2.00 to 4.00

greater than 4.00

STRUCTURE 111

Firm

Stiff

Very Stiff

Hard

Very Soft

Soft

Slickensided

Fissured

Stratified

BlOCKy

Laminated

DESCRIPTION

Lensed Inclusions of small pockets of
different soils.

Some -30% to 45% of sample.

REFERENCES:
1) ASTM D 2488

2) Peck, Hanson, and Thornburn, (1974),
v, Foundation Engineering.

Information on each boring log is a compilation of subsurface conditions and soil and rock
classifications obtained from the field as well as from laboratory testing of samples. Strata
have been interpreted by commonly accepted procedures. The stratum lines on the logs may
be transitional and approximate in nature. Water level measurements refer only to those
observed at the times and places indicated, and may vary with time, geologic condition or
construction activity.

-~~GRO CONSULTANTS PLATE 15



TERMS AND SYMBOLS USED ON BORING LOGS FOR ROCK

ROCK TYPES SAMPLER TYPES

W § [J I
Thin-

LIMESTONE DOLOMITE . - SANDSTONE mRockwalled
Tube Core

~ WEATHERED 11 [gJ ~
Standard

~Penetration Auger
LIMESTONE SHALE CONGLOMERATE SampleTest

ba CHALK ~ CLAYSTONE ~ GRANITE ~ THO Cone 0 Dry Core

HARDNESS WEATHERING GRADES OF ROCKMASS (1)

Friable -Crumbles under hard pressure TERM DESCRIPTION
Low Hardness -Can be carved with a knife Slightly Discoloration indicates weathering of
Moderately Hard -Can be scratched easily with a knife rock material and discontinuity
Very Hard -Cannot be scratched with a knife surfaces

SOLUTION & VOID CONDITIONS

Void Interstice: a general term for pore Moderately Less than half of the rock material is

space or other openings in rock. decomposed or disintegrated to a soil

Cavities Small solutional concavities. Highly More than half of the rock material is
decomposed or disintegrated to a

Vuggy Containing small cavities, usually soil.
lined with a mineral of different
composition from that of the Completely All rock material is decomposed and/or
surrounding rock. disintegrated to soil. The original mass

structure is still largely
Vesicular Containing numerous small, unlined intact.

cavities, formed by expansion of gas
bubbles or steam during solidification Residual Soil All rock material is converted to soil. The
ofthe rock. mass structure and material fabric are

destroyed.
Porous Containing pore, interstices, or other

openings which mayor may not
interconnect.

Cavernous Containing cavities or caverns,
sometimes quite large. Most frequent
in limestones and dolomites.

JOINT DESCRIPTION

SPACING INCLINATION SURFACES

Very Close <2" Horizontal 0-5 Slickensided-Polished. orooveo

Close 2"-12" Shallow 5-35 Smooth-Planar

Medium Close 12"-3' Moderate 35-65 Irregular-Undulating or granular

Wide >3' Steeply 65-85 Rough-Jagged or pitted

Vertical 85-90

BEDDING THICKNESS (')

Very Thick >4'
Thick 2'-4'
Thin 2"-2'
Very Thin 1/2"-2"
Laminated 0.08"-1/2"
Thinly-Laminated <0.08"

REFERENCES:
1) British Standard (1981) Code of Practice for Information on each boring log is a compilation of subsurface conditions and soil and rock
Site Investigation, BS 5930. classifications obtained from the field as well as from laboratory testing of samples. Strata

have been interpreted by commonly accepted procedures. The stratum lines on the logs
2) The Bridge Div.,Tx. Highway Dept. may be transltlonat and .observed at the time and places indicated, and may vary with
Foundation Exploration.& Design Manual 2nd time, geologic condition or construction activity.
Ediflon, revised June, 1974.

_____--,E.LA..TE-1-lL



Report No. 04.10040125

Recovery, percent
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RECOVERY V5. ELEVATION

DRY COMAL CREEK FLOOD RETARDING STRUCTURE
COMAL COUNTY, TEXAS
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Report No. 04.10040125

Rock Quality Designation (RQD)

780
o 20 40 60 80 100

760~-'~~
~

740

720

700

<::

g 680

~
ill

660

640

620

600

580 -'------------

--e-B-1 -+-B-2 -<!>-B-3 -.!r-B-4 ~B-5 ~B-6 __ B-7 --<>--B-8

~B-9 -B-10 -'.'+-B-11 -+-B-12

ROCK QUALITY DESIGNATION V5. ELEVATION
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

FUGRO CONSULTANTS PLATE 18



Report No. 04.10040125

o
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Point Index, psi
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POINT INDEX vs. ELEVATION
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS
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Unconfined Compressive Strength. psi
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UNCONFINED COMPRESSIVE STRENGTH vs. ELEVATION
DRY COMAL CREEK FLOOD RETARDING STRUCTURE
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APPENDIX A
Photographs of Rock Cores



Report No. 04.10040125
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Boring 1 (0' to 10')

Boring 1 (13.1' to 23.9')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

Fl-!:<;3RO CONSULTANTS
~C<,Xi

~V

APPENDIX A-1



Report No. 04.10040125

Boring 1 (23.9' to 34.8')

Boring 1 (34.8' to 47.8')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

_~~~RO CONSULTANTS APPENDIX A-2
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Report No. 04.10040125

Boring 1 (47.8' to 51.1')

Boring 1 (57.1' to 70')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

_~RO CONSULTANTS APPENDIX A-3
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Report No. 04.10040125

-------------------- ----- ------- -- - --- - -- ---- - ----- -- ------------ - -- ---- --- -----

Boring 1 (70' to 83.5')

Boring 1 (83.5' to 95')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

FlJ-GRO CONSULTANTS--r;tl)--------- APPENDIX A-4



Report No. 04.10040125

Boring 1 (95' to 107.4')

Boring 1 (107.4' to 126.7')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

FtA-~O CONSULTANTS
-Ir-v."-I

~,,J
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Report No. 04.10040125

Boring 1 (120' to 130')

Boring 1 (138.5' to 150')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

i~G<\RO CONSULTANT~S _
\e:,{J

APPENDIX A-6
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Report No. 04.10040125

.._._----_._~-_.~--------_._--~_._-­
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Boring 1 (150' to 163.8')

Boring 1 (163.8' to 175.9')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

FU~,RO CONSULTANTS
-C;S<9
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Report No. 04.10040125

Boring 1 (175.9' to 180')

Boring 2 (0' to 22')

PHOTOGRAPHS OF ROCK CORES
DRY COMAL CREEK FLOOD RETARDING STRUCTURE

COMAL COUNTY, TEXAS

FUGRO CONSULTANTS-ztS-------- APPENDIX A-a


































































































































