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Figure 2.

SPT N60 Values for Birch Creek Dam
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4.4 Index Properties

4.4.1 Particle Size Distribution

A summary of the size distribution of soil particles statistical analysis and design values for each stratum is included as Table
9 and Table 10Error! Reference source not found., where the basis of the design values are highlighted in bold. Statistical
analyses and selection of design values were conducted in accordance with the methods described in Section 3.3. For each
stratum, the average of the laboratory testing is the preferred basis of design. Plots of the percent finer than sieve number
200 data and design values are included as Figure 3 and Figure 4Error! Reference source not found..

Table 9. Percent Finer than No. 200 Statistical Analysis, Data Comparison, and Design Values— Walnut
Laboratory Data

Stratum Bottom Depth (feet) | Sample Size (n) | Avg. (%) | Min. (%) | Max (%) | Design Value (%)
Silty Sand and Clayey Sand 37 5 19 11 25 19
Silty Clay and Sandy Clay 69 5 36 6 67 36
Silty Sand and Clayey Sand 82 3 41 17 69 41
Silty Clay and Sandy Clay 97 2 36 8 63 36
Silty Sand and Clayey Sand 120 2 13 7 19 13

Table 10. Percent Finer than No. 200 Statistical Analysis, Data Comparison, and Design Values— Birch

S r— Laboratory Data
Bottom Depth (feet) | Sample Size (n) | Avg. (%) | Min. (%) | Max (%) | Design Value (%)
Silty Sand and Clayey Sand 40 4 32 21 45 32
Silty Clay and Sandy Clay 58 2 46 9 83 46
Silty Sand and Clayey Sand 120 8 22 5 64 22
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Figure 3. Percent Finer than No. 200 for Walnut Creek Dam
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Percent Finer than No. 200 for Birch Creek Dam
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4.4.2 Total Unit Weight

A summary of the total unit weight statistical analysis and design values for each stratum is included as Table 11 and Table
12, where the basis of the design values is highlighted in bold. Statistical analyses and selection of design values were
conducted in accordance with the methods described in Section 3.1.

The average SPT resistance of Neo ranges from 18 to 50 bpf for the design sandy layers and from 29 to 43 bpf for the design
clay layers at Walnut Creek. At Birch Creek, the average Neorange from 25 to 43 bpf for the design sandy layers and is equal
to 33 bpf for the clay layers.

Based on the overall average SPT Neo range of values and Reference 18, the sandy soils are classified as medium dense
consistency with total unit weight ranging from 110 to 140 pcf (17 to 22 kN/m3). Considering the higher confining stresses
with soil depth which results in generally denser soils with depth, unit weight for deeper soil units is greater than shallow
units for sand layers.

Based on the overall average SPT Neo range of values and Reference 18, the clayey soils are classified as very stiff to hard
consistency with total unit weight ranging from 120 to 140 pcf (18 to 22 kN/m3). Considering the relatively wide range of

soils consistencies, conservatively lower values for total unit weight have been for the clay layers.

Plots of the total unit weight data and design values are included as Figure 5 and Figure 6.

Table 11. Total Unit Weight Statistical Analysis, Data Comparison, and Design Values— Walnut
Laboratory Data
Stratum Bottom Depth Sample Size Avg. Min. Max Design Value

(feet) (n) (pcf) (pcf) (pcf) (pcf)

Silty Sand and Clayey 37 2 128 127 130 125
Sand

Silty Clay and Sandy Clay 69 3 127 119 137 125

Silty Sand and Clayey 82 1 135 135 135 130
Sand

Silty Clay and Sandy Clay 97 — — — — 125

Silty Sand and Clayey 120 . _ _ . 130
Sand

Table 12. Total Unit Weight Statistical Analysis, Data Comparison, and Design Values— Birch
Laboratory Data
Stratum Bottom Depth Sample Size Avg. Min. Max Design Value

(feet) (n) (pcf) (pcf) (pcf) (pcf)

Silty Sand and Clayey 40 2 139 135 143 125
Sand

Silty Clay and Sandy Clay 58 1 123 123 123 123

Silty sa”:air;d Clayey 120 1 137 137 137 130
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Total Unit Weight Design Profiles for Walnut Creek Dam
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Total Unit Weight Design Profiles for Birch Creek Dam
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4.4.3 Moisture Content

A summary of the moisture content (MC) statistical analysis and design values for each stratum is included as Table 13 and
Table 14, where the basis of the design values are highlighted in bold. Statistical analyses and selection of design values
were conducted in accordance with the methods described in Section 3.4. The basis of all design values is the average of
the laboratory test results. Plots of the moisture content and design values are included as Figure 7 and Figure 8.

Table 13

Moisture Content Statistical Analysis, Data Comparison, and Design Values— Walnut

Laboratory Data

Stratum :?zr:;(,:s Ave. (%) Min. (%) Max. (%) Design Value - MC(%)
Silty Sand and Clayey Sand 8 13 6 20 13
Silty Clay and Sandy Clay 7 24 16 32 24
Silty Sand and Clayey Sand 3 22 20 26 22
Silty Clay and Sandy Clay 3 20 20 21 20
Silty Sand and Clayey Sand 2 21 20 22 21

Table 14

Moisture Content Statistical Analysis, Data Comparison, and Design Values— Birch

Laboratory Data

Stratum :?zrz,():‘e) Ave. (%) Min. (%) Max. (%) Design Value - MC(%)
Silty Sand and Clayey Sand 7 15 9 23 15
Silty Clay and Sandy Clay 4 25 23 27 25
Silty Sand and Clayey Sand 10 20 17 23 20
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4.4.4 Lliquid Limit

A summary of the liquid limit (LL) statistical analysis and design values for each stratum is included as Table 15 and Table
16, where the basis of the design values is highlighted in bold. Statistical analyses and selection of design values were
conducted in accordance with the methods described in Section 3.4. The basis of all design values is the average of the
laboratory test results. Plots of the liquid limit data and design values are included as Figure 9 and Figure 10.

Table 15 Liquid Limit Statistical Analysis and Design Values— Walnut
Laboratory Data Design
Stratum Sample Value -
Size (n) Avg. (%) Min. (%) Max. (%) LL(%)
Silty Sand and Clayey Sand 2 32 26 37 32
Silty Clay and Sandy Clay 3 48 26 60 48
Silty Sand and Clayey Sand - — — — —
Silty Clay and Sandy Clay 1 32 32 32 32
Silty Sand and Clayey Sand 1 18 18 18 18
Table 16 Liquid Limit Statistical Analysis and Design Values— Birch
Laboratory Data Design
Stratum Sample Value -
Size (n) Avg. (%) Min. (%) Max. (%) LL(%)
Silty Sand and Clayey Sand 3 30 21 38 30
Silty Clay and Sandy Clay 2 65 64 66 65
Silty Sand and Clayey Sand 4 32 23 42 32




Client
Project

SJRA

SCW Flood Control Dams Unit

Project No. 411500
Title Evaluation of Project Soil Parameters

File No.

Computed By P. Turkson

Date  10/25/2024

Approved By David Bentler

Date  12/6/2024

Page 30
Liquid Limit (%)
0 10 20 30 40 50 60
0 = I N R e
1 LL=32%
20 +
1 |
n
a0
1 [
[
- LL =48%
£60 }
=
& N
o
80
LL=32%
100
LL=18%
120
= Strata = Model-LL ]
Figure 9. Liquid Limit Profiles for Walnut




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date  10/25/2024

Project No. 411500 File No. Approved By David Bentler

Title Evaluation of Project Soil Parameters Date  12/6/2024

Page 31
Liquid Limit (%)
0 10 20 30 40 50 60 70
0 =t
[
20 +
| LL =30%
[
40
LL=65%

£
60 1
< [ [
=}
Qo
[}
o

80 +

1 |
100 +
LL=32%
|
120
e Strata = Model-LL m L |
Figure 10.

Liquid Limit Profiles for Birch




Client SJRA Computed By P. Turkson
Project SCW Flood Control Dams Unit Date  10/25/2024
Project No. 411500 File No. Approved By David Bentler
Title Evaluation of Project Soil Parameters Date  12/6/2024

Page 32

4.4.5 Plasticity Index

A summary of the plasticity index (PI) statistical analysis and design values for each stratum is included as Table 17 and
Table 18, where the basis of the design values are highlighted in bold. Statistical analyses and selection of design values
were conducted in accordance with the methods described in Section 3.4. The basis of all design values is the average of
the laboratory test results. Plots of the plasticity index data and design values are included as Figure 11 and Figure 12.

Table 17 Plasticity Index Statistical Analysis and Design Values— Walnut
Laboratory Data
Stratum Sample
Size (n) Avg. (%) Min. (%) Max. (%) Design Value - PI(%)
Silty Sand and Clayey Sand 2 18 13 22 18
Silty Clay and Sandy Clay 3 29 13 38 29
Silty Sand and Clayey Sand — — — — —
Silty Clay and Sandy Clay 1 16 16 16 16
Silty Sand and Clayey Sand 2 2 2 2
Table 18 Plasticity Index Statistical Analysis and Design Values— Birch
Laboratory Data
Stratum Sample
Size (n) Avg. (%) Min. (%) Max. (%) Design Value - PI(%)
Silty Sand and Clayey Sand 3 15 4 24 15
Silty Clay and Sandy Clay 2 42 40 44 42
Silty Sand and Clayey Sand 4 19 12 27 19
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4.5 Soil Strength Parameters
4.5.1 Q-Case

A summary of the Q-case strength statistical analysis and design values for each stratum is included as Table 19, where the
basis of the design values are highlighted in bold. Statistical analyses and selection of design values were conducted in
accordance with the methods described in Section 3.5.1. Two UC tests on samples from relatively shallow subsurface
depths up to 14 feet, and four UU tests on samples from deeper subsurface depths were performed for Walnut Creek Dam.
Only UC tests were performed for Birch Creek Dam borings. The tests were performed on both clays and clayey sands.

The measured minimum sy value for clayey sands is the basis of design value with justification based on the average Neo
value of 25 bpf for Birch Creek. Table 8-10 in Reference 12 present range of s, (2000 to 4000 psf) for N values ranging from
15 to 30 bpf.

Plots of the strength data and design values are included as Figure 13.

Table 19 Q-Case Statistical Analysis and Design Values— Walnut
Laboratory (UU and UC)
Std. Design
Sample deviation Min. Value
Stratum Size (n) (psf) (psf) | Avg. (psf) | 33™ Percentile (psf) | 95% Lower Confidence Limit (psf) (psf)
Silty Sand and Clayey Sand? 1 — - 1030 — — 1030
Silty Clay and Sandy Clay? 5 1351 690 2400 1924 722 722
1.  Applicable to all sandy strata.
2. Applicable to all clayey strata.
Table 20 Q-Case Statistical Analysis and Design Values— Birch
Laboratory (UU and UC)
Std. Design
Sample deviation Min. Value
Stratum Size (n) (psf) (psf) Avg. (psf) | 33" Percentile (psf) | 95% Lower Confidence Limit (psf) (psf)
Silty Sand and Clayey Sand? 3 335 1090 1327 1149 494 1000
Silty Clay and Sandy Clay? - - — — 722

1.  Applicable to all sandy strata.
2. Adopted from Table 19 based on similar soil description.
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Figure 13. UC and UU Triaxial Strength versus Depth of Soil Sample for All Borings

4.5.2 S-Case

A summary of the S-case strength statistical analysis and design values for each stratum is included as Table 21 and Table
22, where the basis of the design values are highlighted in bold. Statistical analyses and selection of ¢’ design values were
conducted in accordance with the methods described in Section 3.5.2.

For fine-grained strata, design envelopes were developed from CU laboratory testing of effective friction angle. The CU test
data sheets that present the selection of a and calculation of ¢’ are included as Attachment 3 of this calculation package.

The average of the two sets of CU triaxial tests performed on clayey soils is the basis of design effective friction for the clay
strata. One CU triaxial test was performed on sandy soils, hence a single CU triaxial test is the basis of design effective
friction for sand strata. Correlations using Pl were considered for comparison. In general, the Pl correlation results are
closely matched to the design envelope especially for the clay layers.

Recognizing the presence of sand and silt, and the uncertainty in the effective cohesion and its important influence at low
normal stress, effective design cohesion for all strata is assumed to be zero (0) psf.

Figure 14 shows design envelopes assuming zero cohesion.
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Table 21 S-Case Analysis — All Strata, Walnut
Laboratory Data Index Properties ¢’ Correlations (PI)
Avg. Design Design
Sample cu Min. | Max. Envelope Sample Value
Stratum Size (n) | ¢’ (°) (°) (°) ¢’ (°) Size (n) | Avg. Pl (%) | Sorensen & Okkels (2013) (°) (°)
Silty Sand and Clayey Sand 1 31 31 31 31 2 18 26 31
Silty Clay and Sandy Clay 2 21 18 24.4 21 3 29 24 21
Silty Sand and Clayey Sand 1 31 31 31 31 — — — 31
Silty Clay and Sandy Clay 2 21 18 24.4 21 1 16 27 21
Silty Sand and Clayey Sand 1 31 31 31 31 1 2 40 31
Table 22 S-Case Analysis — All Strata, Birch
Laboratory Data Index Properties ¢’ Correlations (PI)
Avg. Design Design
Sample Cu Min. | Max. Envelope Sample Value
Stratum Size (n) | ¢’ (°) (°) (°) ¢’ (°) Size (n) | Avg. Pl (%) | Sorensen & Okkels (2013) (°) (°)
Silty Sand and Clayey Sand 1 31 31 31 31 3 15 28 31
Silty Clay and Sandy Clay 2 21 18 24.4 21 2 42 21 21
Silty Sand and Clayey Sand 1 31 31 31 31 4 19 26 31
30
Silty Sand and Clayey Sand: c= 0 psi, $’'=31 deg
25 =« = Silty Clay and Sandy Clay: c¢'= 0 psi, ¢’= 21 deg
f‘; 20
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4.5.3 R-Case

A summary of the R-Case ¢r and cr design values for each stratum is included as Table 23. The analysis and selection of
design values were conducted in accordance with the methods described in Section 3.5.3. Two CU tests were available for
the clayey soils and one for the sandy soils. The lower of calculated cR and ¢R is the design basis for the clayey soils. cR and
R from single test result is the design basis for sandy soils. Figure 15 shows design R-envelopes.

Table 23 R-Case Design Values— Walnut Creek and Birch Creek
Laboratory Data
¢R (°) CR (psf) Design Envelope
Stratum Sample Size (n) Min. Max. Min. Max. $R (°) CR (psf)
Silty Sand and Clayey Sand? 1 23.6 23.6 210 210 23.6 210
Silty Clay and Sandy Clay? 2 14.6 18 240 830 14.6 240

1.  Applicable to all sandy strata.
2. Applicable to all clayey strata.

250 L
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235

Silty Sand and Clayey Sand: ¢R = 23.6 deg, CR = 210 psf
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Figure 15. R-Envelope Shear Strength Design Envelope from CU Tests
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4.6 Hydraulic Conductivity

A summary of the hydraulic conductivity statistical analysis and design values for each stratum is included as Table 24,
where the basis of the design values is highlighted in bold. Statistical analyses and selection of design values were
conducted in accordance with the methods described in Section 3.6.1. Four permeability tests were performed on clayey
soils and three on sandy soils. The geometric mean of available permeability laboratory testing is the preferred design
basis. The geometric mean for clayey soils permeability is the design value for Silty Clay and Sandy Clay stratum and the
geometric mean for sandy soils permeability is the design value for Silty Sand and Clayey Sand stratum. A sensitivity
seepage analyses is recommended based on the range of design values.

Table 24 Hydraulic Conductivity Statistical Analysis— Walnut Creek and Birch Creek
Laboratory Data
Sample Design Values Range of Design
Stratum Size (n) | Geometric Mean (cm/s) | Min. (cm/s) | Max. (cm/s) (cm/s) Values (cm/s)

Silty Sand and Clayey Sand! 3 1.20x107 1.09x107 1.28x107 1x107 1x105 — 1x10°8

Silty Clay and Sandy Clay? 4 1.38x10-8 8.89x10° 2.83x108 1x10-8 1x106 — 1x10-°
1. Applicable to all sandy strata.
2. Applicable to all clayey strata.

4.7 Consolidation Parameters

4.7.1 Initial Void Ratio (eo)

A summary of the void ratio statistical analysis and design values for each stratum is included as Table 25, where the basis
of the design values is highlighted in bold. Statistical analyses and selection of design values were conducted in accordance
with the methods described in Section 3.7.1. The average of available laboratory testing is the design basis, where typical
values from Das (2010) (Reference 19), Table 3.2 were provided for comparison. No consolidation testing was performed
on the Silty Sand and Clayey Sand stratum, hence void ratio was calculated based moisture content (MC) from Table 13, an
assumed specific gravity (SG) of 2.7 and an assumed saturation (S) of 100%.

Table 25 Initial Void Ratio Statistical Analysis, Data Comparison, and Design Values— Walnut Creek
Typical Values from Das
(2010) (Reference 19,
Table 3.2) Laboratory Data
Typical Calculated Design
Void Sample Value based on | Value —
Stratum Soil Type Ratio Size (n) | Avg. Min. Max. MC, SG, S—eo €o
Dense
. Angular-
Silty Sand and Clayey Sand Grained Silty 0.4 — — — — 0.351 0.4
Sand
Silty Clay and Sandy Clay Stiff Clay 0.6 2 0.7093 | 0.5121 | 0.9065 — 0.6
Dense
. Angular-
Silty Sand and Clayey Sand Grained Silty 0.4 — — — — 0.594 0.59
Sand
Silty Clay and Sandy Clay Stiff Clay 0.6 1 0.5459 | 0.5459 | 0.5459 - 0.5
Dense
Silty Sand and Clayey Sand Ahgular'- 0.4 — — — — 0.567 0.56
Grained Silty
Sand
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Table 26. Initial Void Ratio Statistical Analysis, Data Comparison, and Design Values—Birch Creek
Typical Values from Das
(2010) (Reference 19,
Table 3.2) Laboratory Data
Typical Calculated Design
Void Sample Value based on | Value -
Stratum Soil Type Ratio Size (n) | Avg. Min. Max. MC, SG, S—eo €o
Dense
Silty Sand and Clayey Sand Al"\gular'- 0.4 — —_ — — 0.405 0.4
Grained Silty
Sand
Silty Clay and Sandy Clay Stiff Clay 0.6 1 0.7329 | 0.7329 | 0.7329 — 0.7
Dense
Silty Sand and Clayey Sand AI;\gular.- 0.4 — — — — 0.54 0.54
Grained Silty
Sand

4.7.2 Virgin Compression Index (Cc)

A summary of the compression index statistical analysis and design values for each fine-grained stratum is included as Table
27, where the basis of the design values is highlighted in bold. Analysis and selection of design values were conducted in
general accordance with the methods described in Subsection 3.7.2. Index properties used in correlations are the design
values specified in Table 13 and Table 14 for Moisture Content (MC), Table 15 and Table 16 for Liquid Limit (LL), and Table
25 and Table 26 for Void Ratio (eo).

In strata where consolidation laboratory testing is available, the average of the C: values from the Casagrande Method are
the design basis. Full calculations detailing the Casagrande method for determination of Cc are provided as an Attachment 4
of this calculation package.

Correlations for Cc based on index properties (MC, LL, PL) using BV template (Reference 15) is included as Figure 16 and
Figure 17 for comparison.

Table 27 Virgin Compression Index Statistical Analysis, Method Comparison, and Design Values— Walnut Creek
Casagrande Method (Consolidation
Testing) Correlations (Index Testing)
Sample Void Average of eo, MC Design
Stratum Size (n) Avg. Min. Max. Ratio MC LL and LL Correlations Value - C.
Silty Sand and
Clayey Sand o
Silty Clay and 2 0.2304 | 0.1498 | 0.3109 | 0.413 | 0.288 | 0.35 0.350 0.23
Sandy Clay
Silty Sand and
Clayey Sand B
Silty Clay and
1 0.111 0.111 0.111 0.225 0.24 | 0.19 0.218 0.11
Sandy Clay
Silty Sand and
Clayey Sand B
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Table 28. Virgin Compression Index Statistical Analysis, Method Comparison, and Design Values— Birch Creek
Casagrande Method (Consolidation
Testing) Correlations (Index Testing)
Sample Void Average of eo, MC Design
Stratum Size (n) Avg. Min. Max. Ratio MC LL and LL Correlations Value - C.
Silty Sand and
Clayey Sand
Silty Clay and 1 0.2362 | 0.2362 | 0.2362 | 0.440 | 0.30 | 0.52 0.42 0.24
Sandy Clay
Silty Sand and
Clayey Sand
Consolidation Parameters for Clay
Profile: SCW Flood Control Dams
Inputs:
Layer No. 2 4
Liquid Limit (wl or LL) (%): 48 32
Plastic Limit (PL) (%): 19 16
Water Content (Wn) (%) 24 20
Plasticity Index (Pl or Ip)(%) 29 16
Liquidity Index (LI) (%) 0.17 0.25
Su (ksf) 0.72 0.72
Ngo: (used in preconsolidation stress only) 29 43
Include Include
Minimum LL in in
Equation Description Source (develogor WC Value Average | Cc/Cr Value Average | Cc/Cr
Cc = 0.007 (wl-7) Remolded clay Skempton, 1944 7 0.287 0.175
Cc =0.009 (wl - 10) Normally Consolidated Clay Terzagi & Peck|| 10 0.342 0.198
Cc=0.01(LL-13) Clay USACE EM 111 13 0.350 X 0.350 0.190 X 0.190
Cc = 0.0046 (wl - 9) Brazilian clay (Motley Clay) Cozzolino, 1961 9 0.179 0.106
Cc =0.0186 (wl - 30) Brazilian clay (soft silty Clay) Cozzolino, 1961 30 0.335 0.037
Cc = 0.006 (wl - 9) Clays from Greece & some parts of U.S. |Azzouz et al, 19 9 0.234 0.138
Cc =0.003 (wl - 10) Cohesive soils of the Rhonme Alpes region Gielly, Lareal & 10 0.114 X 0.114 0.066 X 0.066
Cc =0.21 + 0.008*wl Weathered & Soft Bangkok Clays Adikari, 1977 NA 0.594 0.466
Cc = 0.00797 (wl - 8.16) Indiana soils Lo & Lovell, 1994 9 0.318 0.190
Cc = (w)M.673 / 2040 Hong Kong soft marine clay Lumb & Holt, 19 N/A 0.318 0.162
Cc =0.008 (wl - 5) Dredging materials Salem & Krizek,| 5 0.344 0.216
Cc = 0.83 ((wl/100) - 0.09) Remolded clay Schofiled & Wo 10 0.324 0.191
Cc =0.0035 (wl - 10) Clays from the environs of Paris Kerisel, 1974 10 0.133 0.077
Cc =0.54 (2.6Wn - 0.35) All clays Nishida, 1956 25
Cc =0.0115*Wn Organic soils - meadow mats, peats, and (Moran, Proteco NA 0.276 0.230
Cc = 0.0001766*Wn"2+0.00593*Wn-0.135 |Chicago Clay Reck & Reed, 1 15 0.109 0.054
Cc =0.01*Wn Chicago Clay Osterberg, 197. N/A 0.240 0.200
Cc = 0.01*(Wn-5) Clays for Greece & some parts of US Azzouz et. al, 1 5 0.190 0.150
Cc = 0.20+0.008*Wn Weathered & soft bangkok clay Adikari, 1977 N/A 0.392 0.360
Cc = 0.0002(Wn"2-106.2727) Indiana soils Goldberg et al, 10 0.094 0.059
Cc =0.0133(Wn - 12.1886) Crawford upland Goldberg et al, 13 0.157 0.104
Cc =0.0147Wn - 0.213 French clays Vidalie, 1977 15 0.140 0.081
Cc = Wn*(0.0093+.01)/2 Cohesive soils in Alberta, Canada Koppula, 1981 N/A 0.232 0.193
Cc =0.0126Wn - 0.162 Indiana soils Lo & Lovell, 199 13 0.140 0.090
Cc = 0.0323*Wn Saturated sedimented fine grain soils R-Herrero, 198! N/A 0.775 X 0.775 0.646 X 0.646
Cc = 0.010(Wn-7.549) Soils from nine states in US R-Herrero, 198: 8 0.165 X 0.165 0.125 X 0.125
Cc = 0.85 SQRT((Wn/100)"3) Finnish muds and clays Helenelund. 195 N/A 0.100 0.076
Cc = 0.009Wn + 0.002wl -0.10 Clays from Greece & some parts of U.S. |Azzouz et al, 19 N/A 0.212 X 0.212 0.144 X 0.144
Cc = Pl/74 Clay with specific gravity of 2.7 Worth and Woo| N/A 0.392 X 0.392 0.216 X 0.216
AVERAGE Cc 0.335 0.231

Figure 16.

Consolidation Settlement Parameters of Clay (Reference 15) — Walnut
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Consolidation Parameters for Clay
Profile: SCW Flood Control Dams
Inputs:
Layer No. 2
Liquid Limit (wl or LL) (%): 65
Plastic Limit (PL) (%): 23
Water Content (Wn) (%) 25
Plasticity Index (PI or Ip)(%) 42
Liquidity Index (LI) (%) 0.05
Su (ksf) 0.72
Nso: (used in preconsolidation stress only) 33
Include
Minimum LL in

Equation Description Source (develogor WC Value Average | Cc/Cr
Cc = 0.007 (wl-7) Remolded clay Skempton, 1944 7 0.406
Cc =0.009 (wl - 10) Normally Consolidated Clay Terzagi & Peck, 10 0.495
Cc =0.01 (LL - 13) Clay USACE EM 111 13 0.520 X 0.520
Cc = 0.0046 (wl - 9) Brazilian clay (Motley Clay) Cozzolino, 1961 9 0.258
Cc = 0.0186 (wl - 30) Brazilian clay (soft silty Clay) Cozzolino, 1961 30 0.651
Cc = 0.006 (wl - 9) Clays from Greece & some parts of U.S. |Azzouz et al, 19 9 0.336
Cc =0.003 (wl - 10) Cohesive soils of the Rhonme Alpes regior|Gielly, Lareal & 10 0.165 X 0.165
Cc =0.21 + 0.008*wl Weathered & Soft Bangkok Clays Adikari, 1977 N/A 0.730
Cc = 0.00797 (wl - 8.16) Indiana soils Lo & Lovell, 198 9 0.453
Cc = (wl)M.673 / 2040 Hong Kong soft marine clay Lumb & Holt, 19 N/A 0.529
Cc = 0.008 (wl - 5) Dredging materials Salem & Krizek, 5 0.480
Cc = 0.83 ((wl/100) - 0.09) Remolded clay Schofiled & Wol 10 0.465
Cc = 0.0035 (wl - 10) Clays from the environs of Paris Kerisel, 1974 10 0.193
Cc = 0.54 (2.6Wn - 0.35) All clays Nishida, 1956 25 0.162
Cc = 0.0115*Wn Organic soils - meadow mats, peats, and {Moran, Proteco N/A 0.288
Cc = 0.0001766*Wn"2+0.00593*Wn-0.135 |Chicago Clay Reck & Reed, 1 15 0.124
Cc =0.01*"Wn Chicago Clay Osterberg, 1971 N/A 0.250
Cc = 0.01*(Wn-5) Clays for Greece & some parts of US Azzouz et. al, 1 5 0.200
Cc = 0.20+0.008*Wn Weathered & soft bangkok clay Adikari, 1977 N/A 0.400
Cc = 0.0002(Wn"2-106.2727) Indiana soils Goldberg et al, 10 0.104
Cc = 0.0133(Wn - 12.1886) Crawford upland Goldberg et al, 13 0.170
Cc =0.0147Wn - 0.213 French clays Vidalie, 1977 15 0.155
Cc = Wn*(0.0093+.01)/2 Cohesive soils in Alberta, Canada Koppula, 1981 N/A 0.241
Cc =0.0126Wn - 0.162 Indiana soils Lo & Lovell, 194 13 0.153
Cc =0.0323*Wn Saturated sedimented fine grain soils R-Herrero, 1983 N/A 0.808 X 0.808
Cc = 0.010(Wn-7.549) Soils from nine states in US R-Herrero, 1987 8 0.175 X 0.175
Cc = 0.85 SQRT((Wn/100)"3) Finnish muds and clays Helenelund. 195 N/A 0.106
Cc = 0.009Wn + 0.002wl -0.10 Clays from Greece & some parts of U.S. |Azzouz et al, 19 N/A 0.255 X 0.255
Cc = PI/74 Clay with specific gravity of 2.7 Worth and Woo N/A 0.568 X 0.568
AVERAGE Cc 0.415

Figure 17.

4.7.3 Recompression Index (C:)

Consolidation Settlement Parameters of Clay (Reference 15) — Birch

A summary of the recompression index statistical analysis and design values for each fine-grained stratum is included as
Table 29, where the basis of the design values is highlighted in bold. Analysis and selection of design values were
conducted in accordance with the methods described in Section 3.7.2. Where laboratory testing is available, only in clay

strata, the average of the C; values from the Casagrande Method are the design basis. Using BV template (Reference 15), C:
from Cc correlations are presented as for comparison as Figure 18 and Figure 19.

Full calculations detailing the Casagrande method for determination of C; are provided as an Attachment 4 of this

calculation package.
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Table 29

Recompression Index Analysis and Design Values— Walnut Creek

Casagrande Method (Consolidation Testing)

Sample

Assumption C: = 1/5C.

Stratum Size (n) Avg. Min. Max. (C. from Consolidation Testing) Design Value
Silty Sand and Clayey Sand -
Silty Clay and Sandy Clay 2 | 0.0443 ‘ 0.0116 ‘ 0.0769 ‘ 0.046 0.044
Silty Sand and Clayey Sand -
Silty Clay and Sandy Clay 1 | 0.0133 ‘ 0.0133 ‘ 0.0133 ‘ 0.022 0.013
Silty Sand and Clayey Sand -
Table 30 Recompression Index Analysis and Design Values— Birch Creek
Casagrande Method (Consolidation Testing)
Sample Assumption C; = 1/5C.
Stratum Size (n) Avg. Min. Max. (C. from Consolidation Testing) Design Value
Silty Sand and Clayey Sand -
Silty Clay and Sandy Clay 1 ‘ 0.0341 ‘ 0.0341 0.0341 0.047 0.034

Silty Sand and Clayey Sand
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Consolidation Parameters for Clay
Profile: SCW Flood Control Dams
Inputs:
Layer No. 2 4
Liquid Limit (wlor LL) (%): 48 32
Plastic Limit (PL) (%): 19 16
Water Content (Wn) (%) 24 20
Plasticity Index (Pl or Ip)(%) 29 16
Liquidity Index (LI) (%) 0.17 0.25
Su (ksf) 0.72 0.72
Nso: (used in preconsolidation stress only) 29 43
Include Include
Minimum LL in in
Equation Description Source (develogor WC Value Average | Cc/Cr Value Average | Cc/Cr
Cc =0.007 (wl-7) Remolded clay Skempton, 1944 7 0.287 0.175
Cc = 0.009 (wl - 10) Normally Consolidated Clay Terzagi & Peck|| 10 0.342 0.198
Cc=0.01(LL-13) Clay USACE EM 111 13 0.350 X 0.350 0.190 X 0.190
Cc = 0.0046 (wl - 9) Brazilian clay (Motley Clay) Cozzolino, 1961 9 0.179 0.106
Cc =0.0186 (wl - 30) Brazilian clay (soft silty Clay) Cozzolino, 1961 30 0.335 0.037
Cc = 0.006 (wl - 9) Clays from Greece & some parts of U.S. |Azzouz et al, 19 9 0.234 0.138
Cc =0.003 (wl - 10) Cohesive soils of the Rhonme Alpes regior|Gielly, Lareal & 10 0.114 X 0.114 0.066 X 0.066
Cc =0.21 + 0.008*wl Weathered & Soft Bangkok Clays Adikari, 1977 NA 0.594 0.466
Cc = 0.00797 (wl - 8.16) Indiana soils Lo & Lovell, 199 9 0.318 0.190
Cc = (wl)™.673 / 2040 Hong Kong soft marine clay Lumb & Holt, 19 N/A 0.318 0.162
Cc =0.008 (wl - 5) Dredging materials Salem & Krizek,| 5 0.344 0.216
Cc = 0.83 ((wl/100) - 0.09) Remolded clay Schofiled & Wo 10 0.324 0.191
Cc =0.0035 (wl - 10) Clays from the environs of Paris Kerisel, 1974 10 0.133 0.077
Cc = 0.54 (2.6Wn - 0.35) All clays Nishida, 1956 25
Cc =0.0115*Wn Organic soils - meadow mats, peats, and (Moran, Proteco N/A 0.276 0.230
Cc = 0.0001766*Wn"2+0.00593*Wn-0.135 |Chicago Clay Reck & Reed, 1 15 0.109 0.054
Cc =0.01*"Wn Chicago Clay Osterberg, 197 N/A 0.240 0.200
Cc = 0.01*(Wn-5) Clays for Greece & some parts of US Azzouz et. al, 1 5 0.190 0.150
Cc = 0.20+0.008*Wn Weathered & soft bangkok clay Adikari, 1977 N/A 0.392 0.360
Cc = 0.0002(Wn”"2-106.2727) Indiana soils Goldberg et al, 10 0.094 0.059
Cc =0.0133(Wn - 12.1886) Crawford upland Goldberg et al, 13 0.157 0.104
Cc =0.0147Wn - 0.213 French clays Vidalie, 1977 15 0.140 0.081
Cc = Wn*(0.0093+.01)/2 Cohesive soils in Alberta, Canada Koppula, 1981 N/A 0.232 0.193
Cc =0.0126Wn - 0.162 Indiana soils Lo & Lovell, 1994 13 0.140 0.090
Cc = 0.0323*Wn Saturated sedimented fine grain soils R-Herrero, 198! N/A 0.775 X 0.775 0.646 X 0.646
Cc = 0.010(Wn-7.549) Soils from nine states in US R-Herrero, 198 8 0.165 X 0.165 0.125 X 0.125
Cc = 0.85 SQRT((Wn/100)"3) Finnish muds and clays Helenelund. 195 N/A 0.100 0.076
Cc =0.009Wn + 0.002wl -0.10 Clays from Greece & some parts of U.S. |Azzouz et al, 19 N/A 0.212 X 0.212 0.144 X 0.144
Cc = Pl/74 Clay with specific gravity of 2.7 Worth and Woo| N/A 0.392 X 0.392 0.216 X 0.216
AVERAGE Cc 0.335 0.231
Cr = PI/370 Clay with specific gravity of 2.7 Worth and Woo| N/A 0.078 X 0.078 0.043 X 0.043
Cr = 20 percent of Cc Clay EPRI N/A 0.067 X 0.067 0.046 X 0.046
Cr = 10 percent of Cc Clay Rule of Thumb N/A 0.033 X 0.033 0.023 X 0.023
Cr = 5 percent of Cc Clay Rule of Thumb N/A 0.017 0.012
AVERAGE Cr (recompression) 0.060 0.038

Figure 18.

Consolidation Settlement Parameters of Clay (Reference 15) — Walnut
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Consolidation Parameters for Clay
Profile: SCW Flood Control Dams
Inputs:
Layer No. 2
Liquid Limit (wl or LL) (%): 65
Plastic Limit (PL) (%): 23
Water Content (Wn) (%) 25
Plasticity Index (PI or Ip)(%) 42
Liquidity Index (LI) (%) 0.05
Su (ksf) 0.72
Nso: (used in preconsolidation stress only) 33
Include
Minimum LL in
Equation Description Source (develogor WC Value Average | Cc/Cr
Cc = 0.007 (wl-7) Remolded clay Skempton, 1944 7 0.406
Cc =0.009 (wl - 10) Normally Consolidated Clay Terzagi & Peck, 10 0.495
Cc=0.01(LL-13) Clay USACE EM 111 13 0.520 X 0.520
Cc = 0.0046 (wl - 9) Brazilian clay (Motley Clay) Cozzolino, 1961 9 0.258
Cc =0.0186 (wl - 30) Brazilian clay (soft silty Clay) Cozzolino, 1961 30 0.651
Cc = 0.006 (wl - 9) Clays from Greece & some parts of U.S. |Azzouz et al, 19 9 0.336
Cc =0.003 (wl - 10) Cohesive soils of the Rhonme Alpes regior|Gielly, Lareal & 10 0.165 X 0.165
Cc =0.21 + 0.008*wl Weathered & Soft Bangkok Clays Adikari, 1977 N/A 0.730
Cc = 0.00797 (wl - 8.16) Indiana soils Lo & Lovell, 19§ 9 0.453
Cc = (wl)™.673 / 2040 Hong Kong soft marine clay Lumb & Holt, 19 N/A 0.529
Cc = 0.008 (wl - 5) Dredging materials Salem & Krizek, 5 0.480
Cc = 0.83 ((wl/100) - 0.09) Remolded clay Schofiled & Wo 10 0.465
Cc = 0.0035 (wl - 10) Clays from the environs of Paris Kerisel, 1974 10 0.193
Cc = 0.54 (2.6Wn - 0.35) All clays Nishida, 1956 25 0.162
Cc =0.0115*"Wn Organic soils - meadow mats, peats, and {Moran, Proteco N/A 0.288
Cc = 0.0001766*Wn"2+0.00593*Wn-0.135 |Chicago Clay Reck & Reed, 1 15 0.124
Cc =0.01*Wn Chicago Clay Osterberg, 197] N/A 0.250
Cc = 0.01*(Wn-5) Clays for Greece & some parts of US Azzouz et. al, 1 5 0.200
Cc = 0.20+0.008*Wn Weathered & soft bangkok clay Adikari, 1977 N/A 0.400
Cc = 0.0002(Wn"2-106.2727) Indiana soils Goldberg et al, 10 0.104
Cc =0.0133(Wn - 12.1886) Crawford upland Goldberg et al, 13 0.170
Cc =0.0147Wn - 0.213 French clays Vidalie, 1977 15 0.155
Cc = Wn*(0.0093+.01)/2 Cohesive soils in Alberta, Canada Koppula, 1981 N/A 0.241
Cc =0.0126Wn - 0.162 Indiana soils Lo & Lovell, 198 13 0.153
Cc = 0.0323*Wn Saturated sedimented fine grain soils R-Herrero, 1983 N/A 0.808 X 0.808
Cc = 0.010(Wn-7.549) Soils from nine states in US R-Herrero, 1983 8 0.175 X 0.175
Cc = 0.85 SQRT((Wn/100)"3) Finnish muds and clays Helenelund. 195 N/A 0.106
Cc = 0.009Wn + 0.002wl -0.10 Clays from Greece & some parts of U.S. |Azzouz et al, 19 N/A 0.255 X 0.255
Cc = PI/74 Clay with specific gravity of 2.7 Worth and Woo N/A 0.568 X 0.568
AVERAGE Cc 0.415
Cr = PI/370 Clay with specific gravity of 2.7 Worth and Woo N/A 0.114 X 0.114
Cr = 20 percent of Cc Clay EPRI N/A 0.083 X 0.083
Cr =10 percent of Cc Clay Rule of Thumb N/A 0.041 X 0.041
Cr = 5 percent of Cc Clay Rule of Thumb N/A 0.021
AVERAGE Cr (recompression) 0.079

Figure 19.

4.7.4 Overconsolidation Ratio (OCR)

A summary of the overconsolidation ratio statistical analysis and design values for each fine-grained stratum is included as
Table 31 and Table 32, where the basis of the design values is highlighted in bold. Analysis and selection of design values

were conducted in general accordance with the methods described in Subsection 3.7.2. Where laboratory testing is
available, the average of the OCR values from the Casagrande Method are the design basis. OCR with depth trends towards
normally consolidated conditions shown as Figure 20.

Consolidation Settlement Parameters of Clay (Reference 15) — Birch
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Table 31 Overconsolidation Ratio Statistical Analysis, Data Comparison, and Design Values— Walnut
Casagrande Method (Consolidation Testing)
Sample
Stratum Size (n) Avg. Min. Max. Design Value

Silty Sand and Clayey Sand -

Silty Clay and Sandy Clay 2 ‘ 3.05 l 2.9 ‘ 3.2 3.05
Silty Sand and Clayey Sand -

Silty Clay and Sandy Clay 1 ‘ 14 l 14 ‘ 14 1.4

Silty Sand and Clayey Sand

Table 32

Overconsolidation Ratio Statistical Analysis, Data Comparison, and Design Values— Birch

Casagrande Method (Consolidation Testing)

Sample
Stratum Size (n) Avg. Min. Max. Design Value
Silty Sand and Clayey Sand -
Silty Clay and Sandy Clay 1 3.8 3.8 3.8 3.8
Silty Sand and Clayey Sand -
OCR
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Figure 20 OCR From Laboratory Consolidation Tests
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4.7.5 Coefficient of Consolidation (C,)

A summary of the cv design values for each fine-grained stratum is included as Table 33, where the basis of the design
values is highlighted in bold. The design cv were selected from laboratory tests as described in Subsection 3.7.3. Where
laboratory data was available, the design value for C,was taken as the geometric mean of C,evaluated at each load
increment.

Table 33 Summary of Interpolated Coefficient of Consolidation Design Values
Laboratory Tests
Stratum Number of Consolidation Tests ‘ Sample Size (n) ‘ Geometric Mean of C, (m?/day) | Design Value
Walnut
Silty Sand and Clayey Sand B
Silty Clay and Sandy Clay 2 ‘ 6 ‘ 9.50x10* I 9.50x10*
Silty Sand and Clayey Sand -
Silty Clay and Sandy Clay 1 ‘ 3 ‘ 1.55x10° | 1.55x107
Silty Sand and Clayey Sand -
Birch
Silty Sand and Clayey Sand B
Silty Clay and Sandy Clay 1 ‘ 3 4.57x10™* 4.57x10*

Silty Sand and Clayey Sand

4.7.6 Secondary Compression Index (Cq)

A summary of the correlation results and Cx design values for each fine-grained stratum is included as Table 34 and Table
35, where the basis of the design values is highlighted in bold. Analysis and selection of design values were conducted in
general accordance with the methods described in Subsection 3.7.4.

Table 34 Secondary Compression Index Analysis and Design Values— Walnut
EM1110-1-1904 C,/C. Correlation (Reference 13)
Stratum Soil Type ‘ Mid-Range C,/C. ‘ Design C. ’ Calculated C, Design Value
Silty Sand and Clayey Sand -
Silty Clay and Sandy Clay Clay | 0.055 | 0.23 | o013 | 0.013
Silty Sand and Clayey Sand -
Silty Clay and Sandy Clay Clay | 0.055 | 0.11 | 0.006 | 0.006

Silty Sand and Clayey Sand

Table 35 Secondary Compression Index Analysis and Design Values— Birch

EM1110-1-1904 C,/C. Correlation (Reference 13)

Stratum Soil Type ‘ Mid-Range C,/C. ‘ Design C. ‘ Calculated C, Design Value

Silty Sand and Clayey Sand

Silty Clay and Sandy Clay Clay ‘ 0.055 ‘ 0.24 ’ 0.013 0.013

Silty Sand and Clayey Sand

4.7.7 Modulus of Elasticity (Es)

A summary of the modulus of elasticity statistical analysis and design values for each coarse-grained stratum is included as
Table 36 and Table 37, where the basis of the design values is highlighted in bold. Analysis and selection of design values
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were conducted in accordance with the methods described in Section 3.7.5. The average from the SPT N-Value Correlation
is the design basis for all strata. It should be noted that range of strain for estimates of Es from in-situ tests (CPT and SPT) is
on the order of 0.1-1%, resulting in a conservative estimate. Modulus values may need to be scaled to match the
appropriate range of strain obtained from deformation analyses (Reference 16). Correlations for Es using BV template
(Reference 15) are presented as Figure 21 and Figure 22.

Table 36 Modulus of Elasticity Analysis, Data Comparison, and Design Values— Walnut
SPT N-Value Correlation EM1110-1-1904 Typical E; Values (Reference 13) Design
Sample Size Avg. Avg. Lower Bound Upper Bound Value
Stratum (n) Neo (ksf) | Soil Type (ksf) (ksf) (ksf)
Silty Sand and Clayey Sand 16 18 Silty Sand 500 4000 380
Silty Clay and Sandy Clay 7 29 - - - -
Silty Sand and Clayey Sand 6 40 Silty Sand 500 4000 770
Silty Clay and Sandy Clay 2 43 — - - -
Silty Sand and Clayey Sand 5 50 Silty Sand 500 4000 940
Table 37 Modulus of Elasticity Analysis, Data Comparison, and Design Values— Birch
SPT N-Value Correlation EM1110-1-1904 Typical E; Values (Reference 13) Design
Sample Size Avg. Avg. Lower Bound Upper Bound Value
Stratum (n) Neo (ksf) | Soil Type (ksf) (ksf) (ksf)
Silty Sand and Clayey Sand 12 25 Silty Sand 500 4000 510
Silty Clay and Sandy Clay 4 33 — - - -
Silty Sand and Clayey Sand 19 43 Silty Sand 500 4000 820




Client SJRA Computed By P. Turkson
Project SCW Flood Control Dams Unit Date  10/25/2024
Project No. 411500 File No. Approved By David Bentler
Title Evaluation of Project Soil Parameters Date  12/6/2024

Page 49

Young's Modulus for Sand/Gravel

1 kg/cm 2.0482 ksf

NC Normally Consolidated
Profile: SCW Flood Control Dams oC Over Consolidated
Inputs: pa Atmospheric pressure (14.7 psi, 2.116 ksf)
Layer No. 1 3 5
Neo: 18 40 50
CONSISTENCY Medium Dense Dense Very Dense
Value | Include in Value | Include in Value | Include in
Equation Description (ksf) Average |Es (ksf)| (ksf) Average |Es (ksf)| (ksf) Average | Es (ksf)
Es/pa = 5*Ngg Sands with Fines 190 X 190 423 X 423 529 X 529
Es/pa = 10*Ngg Clean NC Sands 381 846 1058
Es/pa = 15*Ngo Clean OC Sands 571 1270 1587
Epmt/pa = 9.08*N"0.66 Japanese Sands DMT 129 219 254
E = 196+7.9*N (in tsf), limit 1500 ksf (N=70) |NC Sand 676 1024 1182
E = 416+10.9*N (in tsf), limit 1700 ksf (N=40) |Pre-loaded/OC Sand 1224 1700 1700
E =5 (N+15) (in tsf) Submerged SP & SW Sands 330 550 650
E = 3.3 (N+5) (in tsf) Submerged SP Clayey Sands 152 297 363
E = 4N (in tsf) Silts, Sand Silts, Slightly Cohesive Silt-Sand Mix 144 X 144 320 X 320 400 X 400
E = 7N (in tsf) Clean, Fine to Medium Sands & Slightly Silty Sands 252 X 252 560 X 560 700 X 700
E = 10N (in tsf) Course Sand and Sands w\Little Gravel 360 800 1000
E = 12N (in tsf) Sandy Gravels and Gravel 432 960 1200
E = 25N (in kg/cm"2) Sands 922 X 922 2048 X 2048 | 2560 X 2560
E = 12(N+6) N<15 (in kg/cm"2) Gravel (w/Sand)
E = 40+12(N-6) N>15 (in kg/cm"2) Gravel (w/Sand) 377 918 1163
E = 10(N+6) N<15 (in kg/cm"2) Sand (w/Gravel)
E = 40+10(N-6) N>15 (in kg/cm"2) Sand (w/Gravel) 328 778 983
E = 7(N+6) N<15 (in kg/cm”"2) Coarse Sand
E = 40+7(N-6) N>15 (in kg/cm”2) Coarse Sand 254 569 713
E = 4.5(N+6) N<15 (in kg/cm"2) Medium Sand
E = 40+4.5(N-6) N>15 (in kg/cm"2) Medium Sand 193 395 487
E = 3.5(N+6) N<15 (in kg/cm"2) Fine Sand
E = 40+3.5(N-6) N>15 (in kg/cm"2) Fine Sand 168 X 168 326 X 326 397 X 397
E = 3(N+6) N<15 (in kg/cm"2) Silt with Sand
E = 40+3(N-6) N>15 (in kg/cm"2) Silt with Sand 156 291 352
E = 7*N0.5 (in MPa) Sand 620 X 620 925 X 925 1034 X 1034
AVERAGE MODULUS OF ELASTICITY (KSF) 383 767 937
DESIGN MODULUS OF ELASTICITY (KSF) (can be overwritten) 380 770 940

Figure 21.

Elastic Settlement Parameters of Sandy Soils (Reference 15)— Walnut




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date  10/25/2024

Project No. 411500 File No. Approved By David Bentler

Title Evaluation of Project Soil Parameters Date  12/6/2024

Page 50
Young's Modulus for Sand/Gravel 1 kg/cm 2.0482 ksf
NC Normally Consolidated
Profile: SCW Flood Control Dams oC Over Consolidated
Inputs: pa Atmospheric pressure (14.7 ps
Layer No. 1 3
Neo: 25 43
CONSISTENCY Medium Dense Dense
Value | Include in Value | Include in

Equation Description (ksf) Average [Es (ksf)| (ksf) Average |Es (ksf)
Es/pa = 5*Ngo Sands with Fines 265 X 265 455 X 455
Es/pa = 10*Ngg Clean NC Sands 529 910
Es/pa = 15*Ngg Clean OC Sands 794 1365
Epmt/pa = 9.08*N"0.66 Japanese Sands DMT 161 230
E = 196+7.9*N (in tsf), limit 1500 ksf (N=70) [NC Sand 787 1071
E = 416+10.9*N (in tsf), limit 1700 ksf (N=40) |Pre-loaded/OC Sand 1377 1700
E =5 (N+15) (in tsf) Submerged SP & SW Sands 400 580
E = 3.3 (N+5) (in tsf) Submerged SP Clayey Sands 198 317
E = 4N (in tsf) Silts, Sand Silts, Slightly Cohesive Silt-Sand Mix 200 200 344 X 344
E = 7N (in tsf) Clean, Fine to Medium Sands & Slightly Silty Sands 350 350 602 X 602
E = 10N (in tsf) Course Sand and Sands w!\Little Gravel 500 860
E = 12N (in tsf) Sandy Gravels and Gravel 600 1032
E = 25N (in kg/cm"2) Sands 1280 X 1280 | 2202 X 2202
E = 12(N+6) N<15 (in kg/cm"2) Gravel (w/Sand)
E = 40+12(N-6) N>15 (in kg/cm"2) Gravel (w/Sand) 549 991
E = 10(N+6) N<15 (in kg/cm"2) Sand (w/Gravel)
E = 40+10(N-6) N>15 (in kg/cm”2) Sand (w/Gravel) 471 840
E = 7(N+6) N<15 (in kg/cm"2) Coarse Sand
E = 40+7(N-6) N>15 (in kg/cm"2) Coarse Sand 354 612
E = 4.5(N+6) N<15 (in kg/cm"2) Medium Sand
E = 40+4.5(N-6) N>15 (in kg/lcm"2) Medium Sand 257 423
E = 3.5(N+6) N<15 (in kg/cm"2) Fine Sand
E = 40+3.5(N-6) N>15 (in kg/cm"2) Fine Sand 218 X 218 347 X 347
E = 3(N+6) N<15 (in kg/cm"2) Silt with Sand
E = 40+3(N-6) N>15 (in kg/cm"2) Silt with Sand 199 309
E = 7*N"0.5 (in MPa) Sand 731 X 731 959 X 959
AVERAGE MODULUS OF ELASTICITY (KSF) 507 818
DESIGN MODULUS OF ELASTICITY (KSF) (can be overwritten) 510 820

Figure 22.

Elastic Settlement Parameters of Sandy Soils (Reference 15)— Birch

4.8 Compacted Fill Properties

4.8.1 Embankment Fill

No test pit samples were collected from potential borrow sources as part of the preliminary field exploration program at
the time this work was performed. Embankment fill properties for seepage analysis and slope stability analysis have been

adopted from analysis of the field explorations and laboratory test data in this calculation package. It is assumed that

embankment fill will be constructed from in situ materials or imported materials of similar properties to in situ materials.

Silty Clay and Sandy Clay stratum is hereafter referred to as Zone A and Silty Sand and Clayey Sand stratum is hereafter
referred to as Zone B when used in embankment fill.

Total unit weight for embankment fill is adopted from Table 11 and Table 12, and with guidance from Reference 20
(Attachment 5). The design total unit weight for compacted fill is presented as Table 38.
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Table 38. Total Unit Weight for Embankment Fill
Z

one Design Value (pcf)

A 125

B 130

Hydraulic conductivity for embankment fill is adopted from Table 24 and is presented as Table 39. These values have been
adopted for seepage analysis for this work. A sensitivity seepage analyses is recommended based on the range of design
values.

Table 39. Hydraulic Conductivity for Embankment Fill
Zone Design Value (cm/s), (ft/s) Range of Design Value (cm/s)
A 1x108, (3x10-10) 1x107 to 1x10°°
B 1x107, (3x10-°) 1x10°6 to 1x10°8

Reported undrained strength from Table 19 is adopted for embankment fill and is presented as Table 40. Drained strength
parameters for embankment fill reported as Table 40 is adopted from Table 21. The parameter ¢’ was assumed to be 0 psf.
For the R-Case, R-Envelope values for cohesion intercept (cr) and friction angle (¢r) presented as Table 23 have been
adopted for embankment fill and is presented as Table 40. These values have been adopted for stability analysis for this
work.

Table 40 Selected Embankment Fill Design Values
. Drained Strength R-Envelope
Zone Undrained Strength (psf) 5 ;
c' (psf) ¢’ (deg) cR (psf) ¢R (deg)
A 720 0 21 240 14.6
B 1000 0 31 210 23.6

4.8.2 Dispersive Soils

The dispersive characteristics of the subsurface soils were evaluated as part of the laboratory testing program. Test data
sheets and test methods are provided in Appendix A of the DBM. Six (6) dispersion tests were performed using the Double
Hydrometer test (ASTM D4221) and Crumb test (ASTM D6572). Results for the dispersion tests are presented as Table 41
and Table 42. Crumb test results indicate dispersion potential for both Zone A (Silty Clay and Sandy Clay) and Zone B (Silty
Sand and Clayey Sand) materials. Dispersive clay soils are easily eroded and carried away by waterflow under certain
conditions. Reference 21 provides engineering considerations on the use of dispersive soils in embankment fill.

Table 41. Double Hydrometer Test Results
Unit?! Dispersion (%) Dispersive Classification Remarks
3 24.46 Non-dispersive
3 29.10 Non-dispersive Soils are classified as Zone B based on soil description
3 8.27 Non-dispersive

1Unit 3- Clayey Sand (SC). Tests were performed on the clayey portion of the samples.
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Table 42. Crumb Test Results
Unit* Dispersive Grade Dispersive Classification Remarks
2 2 Intermediate Soils are classified as Zone A based on soil description
3 1 Non-dispersive
- - Soils are classified as Zone B based on soil description
7 3 Dispersive

1Unit 2- Lean Clay; Unit 3- Clayey Sand (SC); Unit 7- Silty Clayey Sand.

4.8.3 Compaction Properties

As part of the laboratory testing program, standard Proctor compaction tests based on ASTM D 698 Method A standard
were performed on composite samples remolded from soils samples which were used to perform other laboratory tests. A
total of two tests were performed on composite samples comprising CL from borings B-1 and B-2 together and boring B-3.
Results of compaction tests (i.e., the optimum moisture content and maximum dry unit weight) are summarized in Table
43,

Table 43. Standard Proctor Results
Composite Sample from Soil Description Maximum Dry Density (pcf) Optimum moisture, %
B-1 and B-2 Sandy Lean Clay (CL) 107.2 16.7
B-3 Sandy Lean Clay (CL) 107.1 18.6

4.8.4 Filter, Riprap Rock, and Soil-bentonite cutoff (SBC)

The unit weights for filter and riprap materials have been selected based on records from past work. Table 9-5 of Reference
22 manual presents reported dry densities and moisture contents from post-construction testing of backfill material from
soil-bentonite slurry trench cutoff (SBC). The average dry density and moisture content of 112.9 pcf and 17 percent
respectively were used to calculate a total unit weight of 132 pcf. However, given the typically low strength of SBC walls
immediately after construction, a dry unit weight of 90 pcf was adopted for design and a saturated unit weight of 100 pcf
was for assumed SBC wall.

The permeability of filter materials has been selected based on typical soil permeability from Table 6-3 of Reference 12, and
the permeability of riprap has been selected based on past work/engineering judgement. The permeability of a completed
SBC wall is reported as 107 cm/s (3.28 X 107 ft/s) for walls consisting of > 1 percent bentonite (Reference 22). Table 44
presents a summary of selected unit weight and permeability properties for riprap, filter and SBC wall.

Table 44. Material Unit Weight and Hydraulic Properties
T Unit Weight, y (pcf) Saturated Hydraulic Conductivity, ks ft/s
Moist, Ymoist Saturated, ysat (cm/s)
SBC 90 100 3x10%°, (107)
Filter 120 130 3x10°®, (0.001)
Riprap 124 140 1, (30.48)

In the absence of strength test data for riprap rockfill and filter material, the shear strength of riprap and filter materials
were assumed. Conventionally, riprap and filter materials are considered free-draining and hence the strength properties
for the riprap and filter remain the same for both undrained and drained conditions. Strength values for the riprap was
assumed based on a study by Reference 2320 which recommends relationships for drained friction angle of rockfill as a
function of confining stress. Based on the assumption of a general riprap material characteristics of loose to medium-dense
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rockfill at a confining pressure range equivalent to the average depth of maximum flood loading between 7 to 10 pounds

per square inch (psi), drained friction angle based on Reference 23 is between 44 to 47 deg. An assumed drained strength
value of 40 degrees was adopted for stability evaluation for the riprap. A drained friction angle of 35 deg was assumed for
the filter materials based on past work and engineering judgment.

For stability analysis, Reference 22 recommends that a soil-bentonite slurry trench cutoff (SBC) should be considered to
have zero shear strength and exert only a hydrostatic force to resist failure of an embankment.

Table 45 presents a summary of selected strength properties for riprap, filter and SBC wall.

Table 45. Material Strength Parameters
. Drained Strength R-Envelope
Zone Undrained Strength (psf) ; ;
c' (psf) \ ¢’ (deg) cR (psf) | ¢R (deg)
SBC No strength
Filter - 0 36 —
Riprap - 0 40 —
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Attachment 1:

Subsurface Profile
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Attachment 2:

Interpreted Subsurface Profile from Boreholes
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Walnut Creek Dam |=| Birch Creek Dam

Note: The transition lines are based on general interpolation of the subsurface data and may be different at actual
locations.




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date  10/25/2024
Project No. 411500 File No. Approved By David Bentler
Title Evaluation of Project Soil Parameters Date  12/6/2024
Page 58
Attachment 3:

S-Case Selection of ¢’ for Design Envelopes




Client
Project
Project
Title

SJRA

SCW Flood Control Dams

Unit

No. 411500 File No.

Evaluation of Project Soil Parameters

Computed By P. Turkson

Date  10/25/2024

Approved By David Bentler

Date  12/6/2024

Page 59




Client
Project
Project
Title

SJRA

SCW Flood Control Dams

Unit

No. 411500 File No.

Evaluation of Project Soil Parameters

Computed By P. Turkson

Date  10/25/2024

Approved By David Bentler

Date  12/6/2024

Page 60




Client
Project
Project
Title

SJRA

SCW Flood Control Dams

Unit

No. 411500 File No.

Evaluation of Project Soil Parameters

Computed By P. Turkson

Date  10/25/2024

Approved By David Bentler

Date  12/6/2024

Page 61




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date  10/25/2024
Project No. 411500 File No. Approved By David Bentler
Title Evaluation of Project Soil Parameters Date  12/6/2024
Page 62
Attachment 4:

Casagrande Method for Determination of Consolidation Parameters
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Attachment 5:

Typical Compacted Fill Properties (Reference 20)
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1.0

Objective

Evaluate conditions of seepage through Walnut Creek Dam and Birch Creek Dam and their foundation materials as part of
the Spring Creek Watershed Flood Control Dams scope of work for SJIRA. Factors of safety (FoS) against exit gradients
associated with critical embankment and foundation sections, and discharge rates through the embankment body and its
foundation have been determined from 2-dimensional finite element analysis using the computer program SEEP/W (version
10.0.2.18035) by GeoStudio.

2.0 References

1. Black & Veatch 2024. “Spring Creek Watershed (SCW) Flood Control Dams Material Calculation Record.” Report
prepared for San Jacinto River Authority, dated October 2024.

2. Black & Veatch 2024. “Spring Creek Watershed Flood Control Dams Design Basis Memorandum.” Report prepared
for San Jacinto River Authority, dated December 2024.

3. VandenBerge, D. R., Duncan, J. M., & Brandon, T. L. (2015). “Limitations of transient seepage analyses for
calculating pore pressures during external water level changes.” JGGE, 141(5), 04015005.
https://doi.org/10.1061/(asce)gt.1943-5606.0001283

4, van Genuchten, M. T. (1980). “A closed-form equation for predicting the hydraulic conductivity of unsaturated
soils.” Soil Science Society of America Journal, 44(5), 892—-898.
https://doi.org/10.2136/sssaj1980.03615995004400050002x

5. Daniel, D. E. (1984). “Predicting hydraulic conductivity of clay liners.” JGE, 110(2), 285-300.
https://doi.org/10.1061/(ASCE)0733-9410(1984)110:2(285)
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3.0 Evaluation Basis

The following section provides the methodology for seepage analysis for Walnut Creek Dam and Birch Creek Dam (hereafter
referred to as the Project). Based on the soil boring logs and laboratory testing data from the 2024 Aviles geotechnical
investigations, the embankment and foundation zonation were developed, and the respective material properties were
selected in Reference 1. The selected material properties are used for seepage analysis, and for the determination of
factors of safety against exit gradients associated with critical embankment and foundation sections, and discharge rates
through the embankment body and its foundation. Embankment geometry and zonation is based on the Design Basis
Memorandum (DBM) (Reference 2). Three embankment alternative geometries from Reference 2 have been evaluated for
seepage behavior. Sensitivity analysis was performed to determine the influence of various embankment elements and soil
properties on the behavior of seepage.

3.1 Design Water Surface Elevations

The basis of design water surface elevations is presented in the DBM based on Hydrologic and Hydraulic Calculations
(Reference 2). The design water surface elevation for seepage analysis is presented as Table 1.

Table 1. Seepage Analysis Design Flood Elevations

Flood Pool Elevation (ft-msl)
Walnut Creek Dam Birch Creek Dam
Seepage analysis 261.6 257.1

Design Condition

3.2 General Material Properties and Seepage Control

The general material properties for the embankment and foundation zonation have been adopted from Reference 1. The
embankment and foundation zonation for seepage control for the three alternatives is presented as Figure 1, Figure 2 and
Figure 3.

Alternative 1 comprises a 20-foot-deep cutoff trench followed by a sheet pile wall which is keyed a minimum 2 feet into the
impervious foundation stratum. Additionally, a vertical chimney drain and horizontal blanket drain is provided to collect
seepage through the embankment and foundation and to channel collected seepage water into a ditch which will be
located on the downstream toe of the embankment.

In addition to similar seepage control measures to Alternative 1, Alternative 2 comprises an impervious clay core and a filter
drain aligned with the core to collect embankment through-seepage.

Alternative 3 comprises a soil-bentonite cutoff (SBC) wall which extends a minimum 6 feet above foundation level and
keyed a minimum 2 feet into the impervious foundation stratum. A vertical chimney drain and horizontal blanket drain is
provided to collect seepage through the embankment and foundation and to channel collected seepage water into a ditch
at the downstream toe of the embankment.
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Figure 1. Alternative 1 Embankment Geometry
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Figure 2. Alternative 2 Embankment Geometry
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Figure 3. Alternative 3 Embankment Geometry

3.3 Hydraulic Properties

The hydraulic properties of the soil required for seepage analysis include the saturated permeability and the unsaturated
hydraulic functions of the soil. The unsaturated hydraulic functions include soil-water characteristic curves (SWCCs) and
hydraulic conductivity functions (HCFs). The SWCCs for the different soils were estimated using the sample functions
method option in the seepage analyses software SEEP/W, and the corresponding HCFs were estimated based on the SWCC
using the Van Genuchten method option in SEEP/W. The SWCC for the different embankment zones was estimated based
on soil classifications and typical SWCCs in SEEP/W as summarized in Table 2. The foundation soils were assumed to be
saturated for the seepage analysis. The soil parameters selected for the seepage analyses are summarized in Table 3.

In the seepage analysis to establish long-term phreatic surface, volumetric compressibility (my) values have been selected
such that coefficients of consolidation (cv) values calculated from my, and saturated permeability (ks) will fall within typical
range of values presented in Reference 3 for the soil or material type and the anticipated function.

The values of field permeability tests are generally 10 to 1000 times higher (Reference 5) than would be expected from
laboratory tests on either undisturbed or recompacted samples based on the soil types encountered from the geotechnical
exploration. A sensitivity seepage analysis to determine seepage through the embankment alternatives has been
performed as part of this preliminary design based on the range of values presented in Table 4. During detailed design, an
updated sensitivity analysis using permeability values obtained from site-specific permeability tests is recommended.
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Table 2. SEEP/W Material Sample for SWCC
Zone SEEP/W Material Sample
A Silty clay
B Silty sand
SBC Clay
Filter Sand
Riprap Gravel
Foundation- silty and sandy clays —
Foundation- silty and clayey sands —
Table 3. Design Soil Parameters for Seepage Analyses
Saturated
Permeability, ks ft/s Anisotropy, Compressibility* Volumetric
Zone (cm/s) kv:kh (1/psf) Water Content?
A 3x1071°, (1x108) 0.11 9%x107 0.3
B 3x107%, (1x107) 0.25 9x10°® 0.3
SBC 3.28x107, (107) 0.11 2x10® 0.4
Filter 3x107, (0.001) 0.25 4x10* 0.35
Riprap 1, (30.48) 1 4x10° 0.4
Foundation- silty and sandy clays 3x10719, (1x108)) 0.5 5x108 0.3
Foundation- silty and clayey sands 3x107%, (1x107) 0.5 5x107 0.3
Sheetpile wall® N/A
1Compressibility values from typical compressibility from Reference 3.
2Estimated volumetric water content from Reference 4.
3Impervious sheetpile wall assighed a no-flow boundary condition.
Table 4. Range of Soil Permeability for Seepage Analysis
Range of Design Values, ft/s (cm/s) Compressibility* (1/psf)
Zone Lower Upper Lower Upper
A 3x10™, (1x10°) 3x10%, (1x10°) 9x108 9x10°
B 3x101°, (1x108) 3x107, (1x10%) 9x107 9x10*
Foundation- silty and sandy clays 3x101%, (1x109)) 3x10%, (1x10%)) 5x108 5x10°®
Foundation- silty and clayey sands 3x1071°, (1x10%) 3x107, (1x107) 5x107 5x10°®

1Compressibility values from typical compressibility from Reference 3.
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4.0 Seepage Analysis Methodology

The following section describes the methods used for seepage analysis.

4.1.1 Steady-State versus Transient Analysis

Seepage through an embankment dam can be analyzed under steady-state and transient flow conditions. Steady-state
seepage represents the long-term operating condition of an impoundment dam. Flow conditions through the embankment
body and foundation materials are assumed to be steady (i.e., unchanging). However, for flood protection embankments
which typically experience short duration storm surge or flooding, a transient seepage analysis is more appropriate to
characterize flow through the dam. In a transient seepage model, both the initial and future hydraulic boundary conditions
are specified to determine the response of embankment materials to the change in boundary conditions.

Steady-state analysis was used to evaluate seepage in this preliminary design because prediction of the required pore
pressures under changing external boundary loads using transient analysis tends to be complex and inaccurate for many of
the commercial seepage analysis computer programs, which makes it difficult to obtain valid results from subsequent
effective stress stability analyses of the embankment slopes. Also, uncertainties associated with the future boundary
conditions (i.e., flood events) and material properties make the use of a steady-state approach more pragmatic.

Use of steady-state analysis in this preliminary design implies that estimates of seepage quantity are therefore expected to
be conservative, i.e. too high, and steady-state analysis provides conservative basis for assessing stability (higher pore
pressures).

4.1.2 2-D Seepage Model Set-up

Specified analysis convergence options used for seepage analysis are summarized in Table 5. In some cases, the model was
simplified by removing the upstream riprap, the significant digits for maximum pressure head difference were increased
from two to three, and 0.65 and 0.01 were selected for the initial rate and minimum rate respectively to achieve
convergence for some mesh nodes. Illustration of the model geometry with material zones and boundary conditions as well
as mesh discretization is shown as Figure 4, Figure 5 and Figure 6.

Table 5. Convergence Options Used in Seepage Analyses
Convergence Parameter SEEP/W Default Value Specified Value?!
Maximum iterations 500 —
Maximum pressure head difference 0.005 feet Significant digits were increased from two to three

Maximum number of reviews 10 —

Initial rate 1 0.65

Minimum rate 0.1 0.01
Rate reduction factor 0.65 —
Reduction frequency 10 —

1. Specified values were applied to Alternative 2 models using upper range permeability values from Table 4.
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4.1.3 Sensitivity Analysis

To determine the influence of the finite element model length (extents upstream and downstream of dam), anisotropic
ratio of the foundation soils, foundation stratigraphy extent, permeability, and depth of SBC wall, five sensitivity analyses
were performed on Alternative 1 and Alternative 3 of the selected preliminary design geometries for Walnut Creek Dam.
Sensitivity to model length, anisotropic ratio of the foundation soils and thickness of subsurface soils were evaluated for the
Alternative 1 model to determine the extent of model and foundation parameters above which there is insignificant change
in seepage results. For the purposes of comparison and a baseline estimate, Alternative 1 was modeled without the
foundation cut-off trench and sheet pile in the sensitivity analysis exercise. Sensitivity of permeability and depth of SBC wall
was performed on Alternative 3 to determine SBC wall parameters above which there is insignificant change in seepage
results. These sensitivity analyses were undertaken to examine how the results would vary if the technical assumptions that
form the basis of preliminary design were modified to represent upper and lower bounds of credible limits of these factors.
The sensitivity analyses will also inform future investigations related to final design and construction planning. Baseline
assumptions were made regarding the relevant parameters for the sensitivity analysis as summarized in Table 6.

Table 6. Baseline Assumptions for Sensitivity Analysis
Sensitivity Analysis Parameter Baseline Assumption
Model foundation horizontal extent 360 feet away from both upstream and downstream toes
Anisotropic ratio of foundation soils kv/ku= 0.5, (kn/kv= 2)
Total thickness of subsurface soil 120 feet below bottom of dam
Permeability of SBC wall ks= 3.28x107° ft/s
Depth of SBC wall below bottom of dam 20 feet below bottom of dam

Each sensitivity analysis was evaluated for steady state seepage conditions at peak design flood elevation of 261.6 feet and
based on design soil parameters from Table 3. The sensitivity analyses were performed as follows:

i Length of the model: The extent of both upstream and downstream sections of the finite element seepage model
may influence seepage results and lead to inaccuracies due to boundary effects. Studies have shown that finite
element seepage analysis models with both upstream and downstream extents reaching a minimum of three times
the model foundation thickness is sufficient to effectively minimize boundary effects on seepage results. The
minimum required length of the seepage models beyond the embankment was determined by extending the
SEEP/W models for the preliminary design section to lengths at both the upstream and downstream sides beyond
the centerline of the embankment. Both the upstream and downstream boundaries was modeled as three times
the model foundation thickness and then varied for five distances beyond the embankment centerline by adding to
both sides of the model extents: 250, 500, 1,000, 2,000, and 3,000 feet. The sensitivity analysis results
demonstrated that total flow through the embankment do not vary when the model length is extended beyond
the baseline length. However, the exit gradient at the downstream toe of the embankment varied slightly when
the baseline length of model was extended beyond 2000 feet. The sensitivity analysis results are presented as
Attachment 1.

ii. Anisotropic ratio of the foundation soils: The preliminary design anisotropy (kv/ku) of the foundation soil strata
underlying the embankment may vary for each soil type. The influence of varying the anisotropy of the foundation
soils was evaluated by changing the anisotropy of the foundation soil strata to values of 0.1, 0.25, 1 and 2.5 within
the preliminary design section and re-running the seepage models. The results of the seepage analysis were used
to determine whether selected preliminary design anisotropy values of the foundation soil strata are conservative.
The sensitivity analysis results for the baseline geometry indicated that the total flow through the embankment
increases with anisotropy (kv/kn), i.e. when vertical permeability increases. Horizontal permeability is generally
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higher than vertical permeability for stratified deposits. Considering that the geologic formation exposed in the
area of the proposed dams comprise the Willis Formation created by the deposition of sediments, the design k-
ratio values for the various foundation soil strata are considered reasonable for the preliminary design. The
sensitivity analysis results presented in Attachment 1 show that kv/ku values selected for design can influence
predicted discharge rates and the required drainage capacities. Hence, seepage models should be updated with
site-specific kv/kn values from permeability tests during detailed design.

iii. Thickness of subsurface soils: Preliminary subsurface investigations may provide limited data on subsurface
conditions and may not show depth of bedrock below embankment foundation. The thickness of subsurface soil
on top of bedrock may vary at different locations within the preliminary embankment section. Hence, the effect of
model bottom extension on seepage flow and exit gradient was evaluated by varying the bottom of the final layer
at the depth of borehole termination in increments of 20 feet up to a cumulative total increment of 100 feet.
Results of the sensitivity analyses are summarized in Attachment 1. The results indicated that increasing the
thickness of silty and clayey sands stratum underlying the silty and sandy clay stratum generally resulted in
increased quantity of total flow through the embankment foundation. The percent increase in total flow was
reduced as the bottom of the silty and clayey sands stratum was lowered to 60 feet downward extension, beyond
which the magnitude of percent increase in flow fluctuated. The exit gradient at the downstream toe of the
embankment increased with incremental extension of subsurface soil depth up to 40 feet, beyond which the exit
gradient does not vary substantially with further subsurface soil depth extension. Based on the sensitivity analysis
results, the effective bottom of silty and clayey sands layer of 200 feet below ground surface (bgs) was selected for
SEEP/W analyses.

iv. Permeability of Soil-Bentonite Cutoff Wall: Selected permeability for the soil-bentonite cutoff wall was varied by
an order of magnitude up to four orders of magnitude in the selected design section to determine the influence of
permeability of cutoff wall on seepage flow within the embankment section. The sensitivity analysis results
indicated that the total flow through the embankment decreases substantially with decrease in SBC wall
permeability up to two orders magnitude. Based on the results of the sensitivity analyses, the design permeability
value for the SBC wall was selected as 3.28x10!! ft/s. The sensitivity analysis results are presented in Attachment
1.

V. Depth of Soil-Bentonite Cutoff Wall: Due to the anticipated subsurface geology of relatively porous silty and sandy
materials to be encountered within the foundation soil underlying the dam, the depth of the cutoff wall was varied
in the design section to determine the influence of depth of cutoff wall on seepage flow and hydraulic gradients
within the embankment section. Seepage analyses were completed for 7 conditions: cutoff wall depth from
embankment base ranging from 20 feet to 50 feet in 5-foot increments. The sensitivity analysis results presented
in Attachment 1 indicated no change in total seepage flow through the dam with increasing SBC wall depth.
Similarly, the exit gradient at the downstream toe of the embankment do not vary when the SBC wall is extended
beyond the baseline model depth. Based on the sensitivity analysis results, the design depth of the cutoff along the
earth embankment alignment is considered sufficient.

4.1.4 Boundary Conditions

The SEEP/W models require input regarding surface water levels and flow boundaries within the embankment fill and
subsurface materials. Each alternative geometry was evaluated for steady state seepage conditions for peak design flood
which equates to elevation 261.6 feet for Walnut Creek Dam and 257.1 feet for Birch Creek Dam. Based on the sensitivity
analysis results, all seepage analyses were modeled to a minimum additional distance of 500 feet upstream and
downstream of the baseline embankment length. Within the foundation soils, the models were extended to a bottom of
200 feet, below which no flow was assumed to occur. The SBC wall along the earth embankment alignment for Alternative
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3 was anchored 2 feet into impervious strata below the dam and the SBC wall permeability was assigned 3x10!
feet/second (ft/s).

5.0 Seepage Analysis Results

This section presents seepage analyses results that focus on exit gradients and discharge rates through critical sections of
the embankment. Factor of safety against exit gradient (FSexit) was calculated based on the equation:

i
_‘c
FSeyxit -

e

where ic is the critical gradient and /e is the exit gradient. The critical gradient is given by the following equation:

Vt_yw

i =
c
Yw

where y: is the total unit weight of soil and yw is the unit of weight of water, which is equal to 62.4 pcf.

The critical exit gradient occurs when very high pore pressures exist, resulting in an effective stress of soil equal to zero.
This condition allows for upward flow conditions and potential erosion piping. The downstream foundation section is
assumed to be the most critical section for exit gradient evaluation, hence a depth of up to 10 feet from the top of the
downstream foundation and up to 20 feet away from the downstream toe of the embankment was evaluated for exit
gradient. An average vertical gradient was calculated from the node locations at the downstream section of the foundation
up to 10 feet from the top of foundation and up to 20 feet away from the downstream toe of the embankment. The
assumed saturated unit weight of 135 pcf was used to calculate the critical gradient for the foundation material as 1.16. The
calculated average vertical hydraulic gradient is summarized in Table 7 for each alternative geometry for both Walnut Creek
and Birch Creek Dams. A minimum factor of safety (FoS) of 4 was selected as the criteria to check against soil movement
because of the exit gradient. The basis of selection of FoS criteria is provided in Section 3.5.10 of the DBM. The calculated
factors of safety against exit gradient are summarized in
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Table 8.
Table 7. Average Vertical Hydraulic Gradient
Average Vertical Hydraulic Gradient
Dam Permeability Alternative 1 Alternative 2 Alternative 3
Lower 0.02 0.03 0.02
Walnut Creek Design 0.03 0.04 0.02
Upper 0.09 0.05 0.09
Lower 0.04 0.04 0.04
Birch Creek Design 0.05 0.05 0.04
Upper 0.10 0.07 0.10
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Table 8. Factor of Safety Against Exit Gradient
Factor of Safety Against Exit Gradient
Dam Permeability Alternative 1 Alternative 2 Alternative 3
Lower 54 44 55
Walnut Creek Design 46 28 50
Upper 13 22 14
Lower 29 27 29
Birch Creek Design 25 26 28
Upper 11 17 11

Discharge was determined generally at two locations: (i) combined flow through the dam body and foundation, and (ii) flow
through filter. The predicted flows are summarized in Table 9. Sections where total discharge rates through the embankment
body and foundation as well through the blanket drain were obtained are shown on Attachment 2.

Table 9. Predicted Flow from Seepage Analysis
Discharge (ft3/day/ft)
Combined Flow Through Dam and Foundation Flow Through Filter
Dam Alternative Lower ks Design ks Upper ks Lower ks | Design ks | Upper ks
1 0.0006 0.006 0.50 0.0005 0.005 0.40
Walnut Creek 2 0.0002 0.002 0.19 0.0001 0.001 0.11
3 0.0006 0.005 0.48 0.0006 0.005 0.38
1 0.0006 0.006 0.56 0.0004 0.004 0.36
Birch Creek 2 0.0003 0.003 0.28 0.0001 0.001 0.11
3 0.0007 0.006 0.55 0.0006 0.005 0.35
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6.0 Seepage Analysis Conclusions and Recommendations

The steady-state seepage analyses were completed using inputs, modeling methods, and assumptions previously described
in this calculation package. The calculated factor of safety against exit gradient for all alternatives is more than the
minimum factors of safety included in the DBM and are acceptable for preliminary design. Comparison of the factors of
safety to design criteria shows that the considered embankment alternatives are acceptable against seepage behavior. The
estimated combined discharge from the embankment body and foundation is required to determine the seepage capacity
of the selected filter material and seepage collection systems for an advanced design. The following recommendations for
analysis during detailed/final design are provided for consideration:

B Because the selected soil parameters are based on soil borings outside of the Project footprint, a robust field
exploration and soil testing program at the dam sites is recommended to verify and validate selected soil design
parameters used in this analysis for an advanced design.

B Following site-specific investigations and verification of preliminary design assumptions, it is recommended that
the seepage models be validated after the model uncertainties are reduced.

B Also, considering the primary function of the Project is establishing dry detention dams, considerations for
modifications to the foundation treatment methods proposed for the three alternatives with the potential to
reduce construction cost are provided in Section 7.0 of the DBM. These modifications should be evaluated using
project site specific field exploration and soil testing results.
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Al-1. Effect of Model Horizontal Extension on Seepage Flow and Exit Gradient

Alternative 1
Model Combined Flow Thrf)ugh Dam and Percentage Flow :I'hrough Exit
Extent Foundation Change Filter Gradient
(ft3/day/ft) of the Flow (ft3/day/ft)

Baseline 0.0088 — 0.0083 0.088
250 0.0088 0% 0.0083 0.088
500 0.0088 0% 0.0083 0.088
1000 0.0088 0% 0.0083 0.088

2000 0.0087 -1% 0.0080 0.087
3000 0.0087 0% 0.0080 0.087

Al1-2. Effect of Anisotropic Ratio (k-ratio) of Foundation Soils

Anisotropic Ratio (k-ratio) of Combined Flow Through Dam and Percentage Decrease or Bo Through
Foundation Soils Foundation (ft®/day/ft) Increase of the Flow* JULC
(ft3/day/ft)
Kv/kn=0.5 (Design Values) 0.0078 — 0.0074
kv/kn=0.1, (kn/kv=10) 0.0068 -12% 0.0063
Kv/kn=0.25, (ku/kv= 4) 0.0074 8% 0.0069
Kv/kn=1, (kn/kv=1) 0.0083 13% 0.0079
Kv/kn=2.5, (kn/kv=0.4) 0.0089 6% 0.0086
1. Negative value denotes decrease of flow and positive value denotes increase of flow.
Al1-3. Effect of Model Bottom Extension on Seepage Flow and Exit Gradient
Model Alternative 1
Bottom Combined Flow Through Dam and Percentage Increase of FIOWF;I;:;:,ugh Exit
Extent (feet) Foundation (ft®/day/ft) the Flow (F/day/ft) Gradient
Baseline 0.0088 — 0.0083 0.087
-20 0.0091 2% 0.008 0.089
-40 0.0093 3% 0.0084 0.091
-60 0.0095 2% 0.0084 0.092
-80 0.0097 1% 0.0084 0.093
-100 0.0099 2% 0.0084 0.094
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Al1-4. Effect of Permeability of SBC Wall
:f;:: E\‘I:I)::Ityf:'/(l Combined Flow Through Dam and Foundation (ft>/day/ft) | Percentage Decrease of the Flow
Design Value 3.28x10°° 0.0036 _
3.28x1010 0.0031 -14%
3.28x101 0.0027 -13%
3.28x101? 0.0027 0%
3.28x10 %3 0.0027 0%
Al1-5. Effect of Soil-Bentonite Cut Off Wall Depth on Seepage Flow
SBC Wall Alternative 3
Bottom Elevation - ! b . -
Extended b ombined Flow Throug ercentage Change . .
(feet) v Dam and Foundation (ft3/day/ft) in Total Flow EduciediEnt
Baseline 0.0036 — 0.091
20 0.0036 0% 0.091
25 0.0036 0% 0.091
30 0.0036 0% 0.091
35 0.0036 0% 0.091
40 0.0036 0% 0.091
45 0.0036 0% 0.091
50 0.0036 0% 0.091
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Attachment 2:

Seepage Analyses Results Sections for Design Permeability
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<4+——Total flow section

Figure 7. Walnut Creek Alternative 1 Combined Flow Through Dam and Foundation= 0.006 ft3/day/ft
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Filter flow section

Figure 8. Walnut Creek Alternative 1 Flow Through Filter = 0.005 ft3/day/ft

<4——Total flow section

Figure 9. Walnut Creek Alternative 2 Combined Flow Through Dam and Foundation = 0.002 ft3/day/ft
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Filter flow section
Figure 10 Walnut Creek Alternative 2 Flow Through Filter = 0.001 ft3/day/ft
<+—Total flow section
Figure 11. Walnut Creek Alternative 3 Combined Flow Through Dam and Foundation = 0.005 ft3/day/ft
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Figure 12 Walnut Creek Alternative 3 Flow Through Filter = 0.005 ft3/day/ft

<+—Total flow section

Figure 13. Birch Creek Alternative 1 Combined Flow Through Dam and Foundation = 0.006 ft3/day/ft
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Filter flow section

Figure 14. Birch Creek Alternative 1 Flow Through Filter = 0.004 ft3/day/ft

<4—Total flow section

Figure 15. Birch Creek Alternative 2 Combined Flow Through Dam and Foundation = 0.003 ft3/day/ft
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/

Filter flow section

Figure 16. Birch Creek Alternative 2 Flow Through Filter = 0.001 ft3/day/ft

<4—Total flow section

Figure 17. Birch Creek Alternative 3 Combined Flow Through Dam and Foundation = 0.006 ft3/day/ft
Controlled Document No.: EDS-FM-0011 Template Rev. Date: 05/30/2023 Template Revision No.: 0
BLACK & VEATCH Page 26 of 27 CONTROLLED Version Online

Proprietary and Confidential Printed Copy is UNCONTROLLED




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date  10/29/2024
Project No. 411500 File No. Approved By
Title SCW Flood Control Dams Seepage Analysis Date

Page 27

Filter flow section

Figure 18. Birch Creek Alternative 3 Flow Through Filter = 0.005 ft3/day/ft
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1.0 Objective

Evaluate slope stability for the Walnut Creek and Birch Creek Flood Control Dams (hereafter referred to as the Project) for
San Jacinto River Authority (SJRA) by determining minimum factors of safety (FoS) and slip surface locations.

2.0 References

1. Aviles Engineering Corporation 2024. “Spring Creek Watershed Flood Control Engineering Feasibility Study
Geotechnical Investigation, Report No. G154-21.” Report prepared for San Jacinto River Authority.

2. Black & Veatch 2024. “Spring Creek Watershed (SCW) Flood Control Dams Material Calculation Record.” Report
prepared for San Jacinto River Authority, dated October 2024.

3. Black & Veatch 2024. “Spring Creek Watershed Flood Control Dams Design Basis Memorandum.” Report prepared
for San Jacinto River Authority, dated November 2024.

4, Texas Commission on Environmental Quality (TCEQ), 2009, Design and Construction Guideline for Dams in Texas,
RG-473, August 2009.

5. U.S. Department of Interior Bureau of Reclamation, Design Standards No. 13, Chapter 2: Embankment Design,
dated December 2012.

6. U.S. Army Corp of Engineers. 2003. Slope Stability. EM 1110-2-1902.

7. Unified Facilities Criteria (UFC). 2021.Soil Mechanics. DM 7.1.
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3.0 Evaluation Basis

The following section provides the methodology for deterministic static slope stability analysis for the Project. Based on the
soil boring logs and laboratory testing data from Reference 1, the embankment and foundation zonation was developed,
and the respective material properties were selected in Reference 2. The selected material properties are used for
deterministic static slope stability analysis. Embankment geometry and zonation is based on the Design Basis Memorandum
(DBM) by Black & Veatch (Reference 3), which was prepared for SIRA. The embankment geometries have been selected in
this study to achieve the required global slope stability for the loading cases considered in this work. The loading cases
considered for stability analysis in this work are: (i) End of Construction (EOC), (ii) Long-term seepage stability, and (iii)
Rapid drawdown (RDD).

Stability analysis was performed for the Project that includes the following three Alternative sections:
e Alternative 1 (homogenous embankment with cutoff trench).
e Alternative 2 (zoned embankment with impervious core and cutoff trench).
e Alternative 3 (homogenous embankment with soil-bentonite cutoff (SBC) wall)

The sections are primarily differentiated by the fill zonation and seepage control features.

The following calculation assumptions have been made:

e Spencer’'s method adequately captures the minimum factor of safety and critical slip surface; no other limit
equilibrium methods were used to compute the factor of safety of trial slip surfaces.

e The minimum factor of safety was considered to be the minimum factor of safety based on either noncircular or
circular slip surfaces.

e Applicable analysis method for rapid drawdown is the multi-stage analysis from Duncan et al. (1990).

3.1 General Material Properties

The general material properties for the embankment and foundation zonation have been adopted from Reference 3. The
natural strata are generally described as comprising alternating layers of silty and clayey sands, and silty and sandy clays.
The embankment and foundation zonation for the Project for the three geometry alternatives is shown on Figure 1, Figure
2 and Figure 3 for Walnut, and Figure 4, Figure 5 and Figure 6 for Birch.

RIPRAP EMBANKMENT FILL (Zone B) SILTY AND
DOWNSTREAM BERM CLAYEY
UPSTREAM BERM
M&/CHIMNEY(SAND) SAND

—
CUTOFF TRENCH (Zone A)™ | o SHEETPILE WALL {
SILTY AND SANDY CLAY

SILTY AND CLAYEY SAND

Figure 1. Alternative 1 Embankment Geometry and Zonation— Walnut
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RIPRAP EMBANKMENT FILL (Zone B) SILTY AND

DOWNSTREAM BERM CLAYEY

UPSTREAM BERM N\ /CH|MNEY(SAND) SAND

Y

SILTY AND SANDY CLAY
—
- SILTYANDCLAYEYSAND

Figure 2. Alternative 2 Embankment Geometry and Zonation— Walnut

RIPRAP EMBANKMENT FILL (Zone B) SILTY AND
DOWNSTREAM BERM CLAYEY
/CHIMNEY(SAND) SAND

UPSTREAM BERM

SILTY AND SANDY CLAY

e
- SILTYANDCLAYEYSAND

Figure 3. Alternative 3 Embankment Geometry and Zonation— Walnut
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EMBANKMENT FILL (Zone B)
RIPRAP

N

CHIMNEY(SAND) SILTY AND

DOWNSTREAM BERM CLAYEY
SAND

UPSTREAM BERM

SILTY AND SANDY CLAY

Figure 4. Alternative 1 Embankment Geometry and Zonation— Birch

EMBANKMENT FILL (Zone B) CHIMNEY(SAND) SILTY AND

DOWNSTREAM BERM CLAYEY
SAND

UPSTREAM BERM

SILTY AND SANDY CLAY

Figure 5. Alternative 2 Embankment Geometry and Zonation— Birch

EMBANKMENT FILL (Zone B)
RIPRAP
UPSTREAM BERM Y
Y

CHIMNEY(SAND) SILTY AND

DOWNSTREAM BERM CLAYEY
SAND

SILTY AND SANDY CLAY

Figure 6. Alternative 3 Embankment Geometry and Zonation— Birch
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3.2 Index Properties

Values for total unit weights for each material zone were selected from Reference 2. Total unit weights assigned to the
different material zones are summarized in Table 1. Loading conditions where embankment zone or foundation stratum is
anticipated to be saturated require saturated soil unit weight. In some cases, the total unit weight has been assumed to be
same as the saturated unit weight.

Table 1. Unit Weights for the Project Material Zones
Unit Weight (pcf)?
Material Type Dam Total, y: Saturated, ysat Loading case for ysat
Zone A 125 125 Long-term, RDD
Zone B 130 130 Long-term, RDD
SBC Both 90 100 EOC, Long-term, RDD
Filter 120 130 Long-term, RDD
Riprap 124 140 Long-term, RDD
. . Walnut 125 125
Foundation- silty and sandy clays Birch 123 123 EOC, Long-term, RDD
Walnut and Birch 125 125
. i 2 _
Foundation- silty and clayey sands Walnut and Birch 130 130 EOC, Long-term, RDD
1. Unit weight values from Reference 2
2. Lower unit weight values for sandy strata directly below dam and higher unit weight for deeper sandy strata.

3.3 Soil Strength Parameters

The following section describes the basis of evaluating shear strength parameters for the different material zones for the
Project stability analysis.

3.3.1 Q-Case — Undrained Condition

For the Q-Case, or undrained case, undrained shear strength (s.) values were evaluated for each fine-grained zone. Values
of su within each stratum were evaluated based on s, estimates from the Unconsolidated Undrained (UU) Triaxial
Compression (TC) tests, and/or on guidance from past work or published literature as described in Reference 2. The values
of sy adopted from Reference 2 for stability analysis are summarized in Table 2.

Table 2 Q-Case Design Values
Material Type Dam Undrained strength (psf)*
Zone A 720
Zone B 1000
SBC No strength
Filter Both NA
Riprap NA
Foundation- silty and
sandy cIaysy 722
Foundation- silty and Walnut 1030
clayey sands Birch 1000
1. NA — Not Applicable
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3.3.2 S-Case — Drained Condition

For the S-Case, or drained case, design values for effective friction angle (¢’) were evaluated for each stratum based on
Consolidated-Undrained (CU) triaxial testing, or based on guidance from past work or published literature where laboratory
data are not available as described in Reference 2.

In addition, design values for the ¢’ for soil strata that are considered fine-grained were evaluated based on CU triaxial
testing and with guidance from past work or published literature as described in Reference 2. The values of ¢’ and ¢’
adopted from Reference 2 for stability analysis are summarized in Table 3.

Table 3. Effective Stress Strength Parameters for the Project- Walnut and Birch
Effective Stress Strength Parameters
Material Type c’ (kPa) ¢’ (deg)

Zone A 0 21
Zone B 0 31

SBC No strength
Filter 0 36
Riprap 0 40
Foundation- silty and sandy clays 0 21
Foundation- silty and clayey sands 0 31

3.3.3 R-Case

For the R-Case, which is primarily used for RDD slope stability analyses, R-Envelope values for cohesion intercept (cg) and
friction angle (pr) were developed based on Reference 2. These parameters were developed from consolidated undrained
(CU) triaxial testing (also referred to as R testing by USACE) in Reference 1 and are summarized in Table 4.

Table 4. R-Envelope Parameters— Walnut and Birch
R-Envelope Strength Parameters
Material Type cR (kPa) ¢R (deg)
Zone A 240 14.6
Zone B 210 23.6
SBC No strength
F-|Iter NA
Riprap
Foundation- silty and sandy clays 240 14.6
Foundation- silty and clayey sands 210 23.6

4.0 Analysis

4.1 Water Levels Used in Stability Analysis

Hydrologic and hydraulic (H&H) modeling was performed to identify the project design floods (PDF) as part of the current
scope of work. The upstream water levels used in this study for stability analysis have been adopted from Reference 3. The
normal operating pool elevations and the project design flood (PDF) elevation are summarized in Table 5. Only one
drawdown elevation is specified in Table 5 for RDD analysis due to the primary function of the Project as detention dams
with uncontrolled spillway: full drawdown to existing grade elevation.
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The typical position of the steady state phreatic surface in the embankment and the tailwater elevation was specified based
on best judgment and experience and is shown on Figure 7, Figure 8 and Figure 9. It is noted that the two dams are flood
control structures that will only impound water for a several weeks following storm periods, and therefore given the low
hydraulic conductivity of the dam embankments steady state seepage conditions may not develop before the flood pool

recedes.

Table 5

Water Levels Used in Stability Analysis for the Project

Condition

| Headwater Elevation (feet)

| Tailwater Elevation? (feet)

Walnut Creek Dam

End of Construction

219
Maximum 100-year Flood (MaxNF) 256.2
Peak Design Flood (PDF) 261.6 Creek bed
RDD - start of drawdown? 256.2 and 261.6
Birch Creek Dam
End of Construction 218.2
Maximum 100-year Flood (MaxNF) 251.1
Peak Design Flood (PDF) 257.1 Creek bed
RDD - start of drawdown? 251.1 and 257.1

1.

Start-of-drawdown water level considered for both MaxNF and PDF.

Peak Design Flood

Figure 7.

Alternative 1 Typical Phreatic Surface Location Adopted for this Study
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Peak Desian Flood

Figure 8. Alternative 2 Typical Phreatic Surface Location Adopted for this Study

Peak Design Flood

Figure 9. Alternative 3 Typical Phreatic Surface Location Adopted for this Study

4.2 Design Criteria

In addition to information provided by Reference Error! Reference source not found., Reference 4 is selected as the design
basis for several analyses and activities associated with the Project. Reference 6Error! Reference source not found. is
included in the design basis for the RDD loading condition.

FoS design criterion for RDD loading generally varies with the estimated frequency of RDD loading. Pumped storage
reservoirs and flood control detention dams, for example, are operated with frequent drawdown loadings and require
higher computed FoS (greater than 1.3) than reservoirs with less frequent drawdown events. However, the assumption of
long-term seepage as the start-of-drawdown phreatic surface for RDD analysis of the detention dams evaluated in this work
may be sufficiently conservative. Hence, RDD minimum FoS criterion of 1.3 based on USBR recommendation has been
adopted for drawdown to dry creek channel grade.

End of construction, long-term, flood, and RDD loading conditions have been evaluated within the scope of this work. The
selected target FoS are summarized in Table 6.
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Table 6 Design Minimum Factors of Safety
TCEQ USBR Design Basis Shear Design
Loading Condition Min. FoS | Min. FoS | Strength Parameters Basis FoS Evaluated Slope
End of Construction 1.25 1.3-14 Undrained 1.3 Upstream (U/S) and
Downstream (D/S)
Long Term (Normal 100-year 15 15 Drained 15 D/S
Flood)
Peak Design Flood — 1.2-1.3 Drained 1.2-1.3 D/S
Drained
Full or Partial RDD 1.2 1.2-1.3 Undrained (R- 1.3-1.5 u/s
Envelope)

4.3 Stability Analysis

Deterministic calculated FoS from limit equilibrium calculations are presented in this section and are compared against
slope stability design criteria. Deterministic analyses that utilize selected design engineering parameters from Section 3.0
are presented for the loading conditions described in Section 4.2.

The slope stability software GeoStudio 2019 Version 10.0.2.180354 was used for this study and the Spencer (1967) slope
stability calculation method was specified. The “optimize critical slip surface location” option, which removed constraints
on the slip surface shape was selected. Specified analysis convergence options used for slope stability analysis are
summarized in Table 7 and Table 8. The typical design sections evaluated for stability against the loading conditions in
Section 4.2 are shown as Figure 10, Figure 11 and Figure 12.

Table 7 Convergence Options Used in Slope Stability Analyses
Convergence Parameter Value
Number of slices 30
Minimum slip surface depth 0.1 feet
Tolerable difference in FoS 0.001
Maximum iterations 100
Search method Root finder
Maximum absolute lambda 2
Table 8 Optimization Critical Slip Surface
Search Option Value
Maximum iterations 2,000
Tolerable difference in FS 1x1077

Number of points slip surface Starting: 8/Ending: 16

Number of complete passes 1

Maximum concave angle Driving side: 5 degrees/Resisting side: 1 degree
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{ 16 fw 2 feet below crest

Creek bed elevation 3 feet thick blanket

Figure 10 Alternative 1 Typical Section Used in Slope Stability Analysis
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3.5:1
Creek bed elevation

Figure 11 Alternative 2 Typical Section Used in Slope Stability Analysis
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Crest \J' 16ft "

onftw
3.5:1

Creek bed elevation 6 feet above foundation

Figure 12. Alternative 3 Typical Section Used in Slope Stability Analysis




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date  12/9/2024
Project No. 411500 File No. Approved By David Bentler
Title Slope Stability Analysis Date  12/9/2024

Page 15

4.4 Stability Analysis Results

The calculated FoS from static slope stability analysis are summarized in Table 9. The results signify that the stability design
criteria are satisfied for the proposed embankment geometries except for the end of construction and rapid drawdown
loading cases.

The basis of design value for s, for the silty and sandy clay foundation strata was the 95% lower confidence limit of the test
data. This presents significant conservatism in the selected value. The minimum average design Standard Penetration test
blow counts (SPT Neo-value) for silty and sandy clay foundation strata was 29 blows per foot (bpf) from Reference 2. Table
8-10 in Reference 7 present range of s, (2000 to 4000 psf) for N values ranging from 15 to 30 bpf. Hence the design s. value
was revised upwards to 1924 psf which is the 33rd Percentile value of the test data.

Also, the design sy value for Birch Creek silty and clayey sand strata was revised upwards to 1149 psf which is the 33rd
Percentile value of the test data considering the design average Neo value of 25 bpf for Birch Creek (Reference 2).

The end of construction FoS was recalculated, and the results are summarized in Table 10.

The start-of-drawdown phreatic surface in the dam was assumed to be at long-term steady state conditions. This conditions
often takes years to be established for dams which impound water continuously over a long time. Considering the primary
function of the Project as detention dams, the steady state condition may never be established and the use of such in rapid
drawdown analysis presents significant conservatism. When the extent of start-of-drawdown phreatic surface is specified
on the upstream slope face or up to 6 feet into the upstream section of the dam (illustrated on Figure 13), the calculated
FoS is 1.3. Considering the level of conservatism associated with the rapid drawdown analysis, the FoS presented in Table 9
are considered acceptable for this level of effort. A robust upstream slope protection including rock rip or soil cement
including bedding requirements is recommended. Other forms of embankment slope surface protection capable of
providing robust slope protection as provided by Section 6.1 of Reference 4 may also be explored.

The critical slip surface locations for the downstream and upstream slopes are shown on Attachment 1.

Start-of-drawdown flood level Extent of seepage before drawdown

Figure 13. lllustration of Truncated Phreatic Surface for Rapid Drawdown
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Table 9 Static Slope Stability Results
. . Min. Required FoS Black & Veatch FoS
L C t R k
oading Condition emarks (per Table 6) At.1 | At2 | A3
Walnut Creek Dam
1.0and 1.0 1.0and 1.0 1.0and 1.0
inml
End of Construction 1.3 (Note 1) (Note 1) (Note 1)
Long Term (Normal 100- — 15 18 19 18
year Flood)
Peak Design Flood 1.2-1.3 1.9 1.8 1.8
RDD from Normal 100- 13 13 13
year Flood Drawdown to 1315
RDD from Peak Design creek bed 13 1.2 (Note 2) 13
Flood
Birch Creek Dam
1.2and 1.1 1.2and 1.0 1.2and 1.1
ionl
End of Construction 1.3 (Note 1) (Note 1) (Note 1)
Long Term (Normal 100- — 15 18 16 18
year Flood)
Peak Design Flood 1.2-1.3 1.8 1.6 1.8
RDD from Normal 100- 13 13 13
year Flood Drawdown to 13-15
. k b d . =4,
RDD fron;lostk Design creekbe 1.2 (Note 2) 1.2 (Note 2) 1.2 (Note 2)

1. FoS for upstream and downstream slope face, respectively.
2. FoS=1.2is acceptable based on recommendations provided in this calculation package.

Table 10 Updated End of Construction Stability Results
Loading Min. Required FoS Black & Veatch FoS
. Remarks
Condition (per Table 6) Alt. 1 | Alt. 2 | Alt. 3
Walnut Creek Dam
End of Recalculated FoS using su = 1924 13 15and 15 | 1.7and1.7 | 1.4and1.3
Construction psf for clay strata and Zone A ’ (Note 1) (Note 1) (Note 1)
Birch Creek Dam
End of Recalculated FoS using su = 1924 16and1.6 | 1.8and1.3 | 1.5and 1.4
Construction psf for clay strata and Zone A, and 1.3 (Note 1) (Note 1) (Note 1)
su = 1149 psf for sand strata.

1. FoS for upstream and downstream slope face, respectively.
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5.0

Slope Stability Conclusions and Recommendations

The slope stability analyses were completed using soil design parameters, inputs, modeling methods, and assumptions
previously described herein. The calculated FoS generally equal or exceed the minimum FoS criteria stipulated in Section
4.2 and are considered to be acceptable. In the case of rapid drawdown where calculated FoS is less than the minimum FoS
criterion, the calculated FoS are considered acceptable based on the reasons provided and on condition that a robust
upstream slope protection method is implemented. Comparison of the FoS to design criteria shows the proposed
embankment alternative geometries are acceptable.

The following recommendations have been made for consideration in an advanced design effort:

The calculated end of construction FoS showed that the characterization and selection of undrained strength is
sensitive to embankment stability under rapid loading. Initial end of construction FoS calculation (see Table 9)
adopted a design undrained strength value which is equal to 95% lower confidence limit of the test data, resulting
in a relatively low undrained strength value. The predicted slope instability gives insight to the sensitivity of the
embankment stability to both the silty and sandy clay and silty and clayey sand strength, and shows the importance
of obtaining strength data from compacted borrow sources specimens and the need for site specific foundation
strengths from additional site specific geotechnical field exploration before construction. Furthermore, TCEQ
guidelines (Section 4.2) (Reference 4) outline potential treatment options for weak foundation materials to include
removal of problematic material or improve it in-place, or limit the rate of embankment construction to address
instability due to weak foundation.

The calculated FoS for rapid drawdown was less than the minimum FoS criteria for Alternative 2 of Walnut and for
all alternatives of Birch. The conservatism associated with assuming steady state conditions prior to drawdown is
significant and resulted in lower calculated FoS. This seepage condition may never be established in a dry
detention dam considering that the embankment will only impound water during floods and may experience long
periods of dryness. Recognizing the uncertainty associated with flood prediction and soil behavior, a robust
upstream slope protection system including rock rip and soil cement with bedding requirements is recommended.
Other slope protection systems appropriate for the primary function of the Project may be explored.
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Attachment 1:
Critical Slip Surfaces from Static Stability Analysis— Walnut
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Figure 14 Alternative 1 End of Construction Upstream Factor of Safety— Walnut
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o
Figure 15 Alternative 2 End of Construction Upstream Factor of Safety— Walnut
14
[ J

——

Figure 16 Alternative 3 End of Construction Upstream Factor of Safety— Walnut
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Figure 17 Alternative 1 End of Construction Downstream Factor of Safety— Walnut
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Figure 18 Alternative 2 End of Construction Downstream Factor of Safety— Walnut
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Figure 19 Alternative 3 End of Construction Downstream Factor of Safety— Walnut
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Figure 20 Alternative 1 100-Year Peak Flood Factor of Safety— Walnut

Figure 21 Alternative 2 100-Year Peak Flood Factor of Safety— Walnut
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Figure 22 Alternative 3 100-Year Peak Flood Factor of Safety— Walnut

Figure 23 Alternative 1 Peak Design Flood Factor of Safety— Walnut
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Figure 24 Alternative 2 Peak Design Flood Factor of Safety— Walnut

Figure 25 Alternative 3 Peak Design Flood Factor of Safety— Walnut
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Figure 26 Alternative 1 Rapid Drawdown from 100-Year Peak Flood Factor of Safety— Walnut

Figure 27 Alternative 2 Rapid Drawdown from 100-Year Peak Flood Factor of Safety— Walnut
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Figure 28 Alternative 3 Rapid Drawdown from 100-Year Peak Flood Factor of Safety— Walnut

Figure 29 Alternative 1 Rapid Drawdown from Peak Design Flood Factor of Safety— Walnut




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date 12/9/2024
Project No. 411500 File No. Approved By David Bentler
Title Slope Stability Analysis Date 12/9/2024

Page 26

Figure 30 Alternative 2 Rapid Drawdown from Peak Design Flood Factor of Safety— Walnut

Figure 31 Alternative 3 Rapid Drawdown from Peak Design Flood Factor of Safety— Walnut




Client SJRA Computed By P. Turkson

Project SCW Flood Control Dams Unit Date  12/9/2024
Project No. 411500 File No. Approved By David Bentler
Title Slope Stability Analysis Date  12/9/2024
Page 27
Attachment 2:

Critical Slip Surfaces from Static Stability Analysis— Birch
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Figure 32 Alternative 1 End of Construction Upstream Factor of Safety— Birch

Figure 33 Alternative 2 End of Construction Upstream Factor of Safety— Birch

Figure 34 Alternative 3 End of Construction Upstream Factor of Safety— Birch
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Figure 35 Alternative 1 End of Construction Downstream Factor of Safety— Birch

Figure 36 Alternative 2 End of Construction Downstream Factor of Safety— Birch
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Figure 37 Alternative 3 End of Construction Downstream Factor of Safety— Birch
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Figure 38 Alternative 1 100-Year Peak Flood Factor of Safety— Birch

Figure 39 Alternative 2 100-Year Peak Flood Factor of Safety— Birch
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Figure 40 Alternative 3 100-Year Peak Flood Factor of Safety— Birch
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Figure 41 Alternative 1 Peak Design Flood Factor of Safety— Birch

Figure 42 Alternative 2 Peak Design Flood Factor of Safety— Birch
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Figure 43 Alternative 3 Peak Design Flood Factor of Safety— Birch
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Figure 44 Alternative 1 Rapid Drawdown from 100-Year Peak Flood Factor of Safety— Birch
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Figure 45 Alternative 2 Rapid Drawdown from 100-Year Peak Flood Factor of Safety— Birch
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Figure 46 Alternative 3 Rapid Drawdown from 100-Year Peak Flood Factor of Safety— Birch
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Figure 47 Alternative 1 Rapid Drawdown from Peak Design Flood Factor of Safety— Birch

Figure 48 Alternative 2 Rapid Drawdown from Peak Design Flood Factor of Safety— Birch
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Figure 49 Alternative 3 Rapid Drawdown from Peak Design Flood Factor of Safety— Birch
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Appendix B-7 Foundation treatment modification
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(a)
Embankment
. w Partial Cutoff
Silty and clayey
Silty and sandy
Silty and clayey
Silty and sandy
Silty and clayey
®) Embankment
) H<— Partial sheetpile wall
Silty and clayey
Silty and sandy
Silty and clayey
Silty and sandy
Silty and clayey

Figure G-1 Cutoff Trench with Sheet Pile Wall Foundation Modification: (a) Partial Cutoff Trench and (b) Partial Sheetpile Wall
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Embankment
|
) l<— Partial soil-bentonite wall
Silty and clayey

Silty and sandy
Silty and clayey

Silty and sandy

Silty and clayey
Figure G-2 Soil-Bentonite Cutoff Wall Foundation Modification
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Appendix B-8 Elevation-storage curves
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Walnut Creek Elevation-Area-Storage Data

. Storage
Elevation (ft-msl) Area (acres) (acre-fege )
224.5 0 0
225.5 0 0
226.5 1 1
227.5 1 2
228.5 3 3
229.5 8 8
230.5 21 21
231.5 37 51
232.5 51 95
2335 65 153
234.5 78 224
235.5 91 308
236.5 107 408
237.5 122 522
238.5 138 652
239.5 156 799
240.5 175 965
241.5 197 1,150
242.5 223 1,360
243.5 250 1,597
244.5 279 1,862
245.5 309 2,155
246.5 344 2,481
247.5 381 2,844
248.5 418 3,243
249.5 456 3,680
250.5 499 4,157
251.5 546 4,679
252.5 594 5,248
2535 646 5,869
254.5 699 6,541
255.5 753 7,267
256.5 815 8,050
257.5 881 8,898
258.5 948 9,812
259.5 1,021 10,797
260.5 1,101 11,857
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. tora
Elevation (ft-msl) Area (acres) Storage
(acre-feet)
261.5 1,187 13,001
261.6 1,196 13,124
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Birch Creek Elevation-Area-Storage Data

. Storage
Elevation (ft-msl) Area (acres) (acre-feget)

225 0 0
226 1 !
227 2 2
228 4 >
229 7 10
230 14 20
231 25 40
232 34 69
233 49 109
234 69 168
235 87 246
236 106 342
237 122 456
238 140 586
239 160 736
240 180 906
241 199 1,095
242 222 1,305
243 247 1,539
244 276 1,800
245 310 2,092
246 348 2,421
247 387 2,787
248 428 3,193
249 471 3,642
250 515 4,134
251 559 4,671
252 605 5,252
253 656 5,882
254 710 6,564
255 766 7,301
256 818 8,092
257 875 8,937
257.1 880 9,025
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1 Introduction

Following the conceptual design of the detention basins, a cost estimate was developed to
determine the potential costs for acquiring land, as well as constructing and maintaining each
facility. The costs presented include the opinion of probable construction costs, land acquisition,
utility conflicts, and annual maintenance.

1.1 Scope of work

The scope of work for the probable project cost analysis included the following:

e C(Create Class 4 OPCC estimates for two recommended detention basins, with an accuracy
range of -30% to +50% as per AACE International standards. Use comparative costs to
differentiate between alternatives at each site, without preparing a complete OPCC for
each alternative.

e Estimate land costs based on a combination of land acquisition and flood easement
acquisition at various flood pool elevations, using local market prices.

e Use publicly available information to screen utilities in the general locations of the two
proposed sites.

e Assume all roads, cemeteries, and utilities will be relocated or raised outside the 100-year
flood pool, with houses and buildings purchased and demolished. Estimate costs for
utility conflicts and relocations.

e Develop an estimate of environmental mitigation cost based on current regional bank
credit costs or similar projects.

e Include annual operations, maintenance, and financing costs over a 30-year period with
financing and additional 20 years without financing costs, accounting for environmental
permitting schedules.
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2 Construction costs

2.1 Cost analysis

The cost estimate totals for both the Walnut Creek and Birch Creek detention basins include all
labor, materials and equipment to reflect the current scope of work as defined by the received
documents detailed in Basis of Estimate Section of this report. The estimates reflect the
preliminary nature of the projects, and costs have been derived using a unit cost estimating
approach. The cost estimates include a contingency markup based on unknown project site
conditions.

The scope of this task is to provide SJRA a detailed cost estimate for the construction of the
Walnut Creek and Brich Creek detention basins, located in Waller County west of Magnolia,
Texas. The drawings developed as part of the conceptual design task were utilized to perform
detailed take-off and estimate development. On-Screen Takeoff (OST), MS Excel, professional
judgment, and manual calculations were used to calculate and record the quantities.

2.1.1 Basis of Estimate
Documents

e Developed by Black and Veatch
0 Draft Spring Creek Watershed Flood Control Design Basis Memorandum
C-00-101
C-00-102
C-00-201
C-00-202
C-00-203
C-00-204
C-00-205
o C-00-206
e Developed by Halff
Utilities Map.
Birch Disturbance
Birch Embankment
Birch_Stabilization
Walnut_Disturbance
Walnut Embankment
0 Walnut Stabilization

O O0OO0O0OO0O0O0

@]

OO0Oo0OO0o

Unit Cost Sources

e TxDOT Bid Item Averages
e TPWD Projects with related materials and design

2.1.2 Assumptions

The following general assumptions were made in reference to the prepared cost estimates.
Assumptions specific to quantities and calculation methods are outlined in Sections 2.2 and 2.3.



= h alﬁ Spring Creek Watershed Flood Control Dams SJRA:
unm Conceptual Engineering Feasibility Study SAN JACINTO RIVER AUTHORITY

Competitive bidding from medium to large earthwork companies
Material availability onsite matches the design assumptions
Contingency markup based on unknown site conditions
Unit prices include the following markups:
e Taxes and Fees
e Direct Cost
e Subcontractor Markups
0 Jobsite Overhead
0 Home Office Overhead
O Profit
0 Bonds
e Prime Contractor Markups
O Jobsite Overhead
0 Home Office Overhead
0 Profit
O Bonds

2.2 Walnut Creek opinion of probable construction cost

Quantities and calculations are based off dimensions outlined in the Draft Spring Creek
Watershed Flood Control Dams Conceptual Engineering Feasibility Study Conceptual Design
Appendix prepared by Black and Veatch and the accompanying plan and section exhibits.

Access to the site is along existing ranch roads off the westbound lanes of FM 1488. It is
assumed that these roads will be widened to 24-feet and improved/prepared for construction
equipment traffic by placing roadway flexbase. The location of the staging and laydown area was
selected as existing slopes are relatively flat, it requires minimal clearing, and it is located
approximately equidistant from each dam location. It is assumed that the contractor will use this
area for field offices, an on-site batch plant, to stockpile materials, and to stage equipment.

Much of the proposed dam alignment is heavily treed and will require substantial clearing and
grubbing. For estimating purposes, a cost per acre was determined, assuming the use of large,
heavy machinery such as bulldozers and excavators to remove trees and root balls.

The unit cost for the preparation of the Storm Water Pollution Prevention Plan is based on the
size of the site. Implementation and maintenance costs of temporary sediment and erosion
controls are based off the total limits of disturbance and estimated duration of construction. The
unit cost for Care of Water assumes bypass pumping of Walnut Creek for the duration of
construction.

It is assumed that the top 2-foot layer of the site contains organics and other materials not
suitable for use as fill. Excavation quantities include the stripping of the top 2-feet of all
disturbed areas as well as the 20-foot wide, 20-foot deep with 1.5:1 (H:V) side slopes trapezoidal
cut-off trench (as shown in Embankment Sections WC-1 — WC-4). To limit hauling off a large
amount of material, the stripped material is proposed to be stockpiled on-site for potential reuse
as topsoil. It is assumed that the material excavated from the cut-off trench will be suitable for
use in the dam embankment. The remaining fill for the embankment will be sourced from two
(2) identified borrow sites north and west of the proposed dam location. The volume of the
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internal drainage system and square footage of the sheetpile walls were determined using
dimensions outlined in the conceptual design appendix.

The principal spillway outlet quantities were determined using the Spillway Section (WC-S) and
Walnut Creek Dam Alignment conceptual design sheets. Similar elements of the spillway were
grouped together for ease of quantification and estimating purposes.

Site stabilization includes a 36-inch layer of rock riprap across the entire back side of the dam
(upstream). A soil retention blanket is proposed along the entire front of the dam (downstream)
to aid in vegetation establishment. All disturbed areas, including borrow sites, will receive 6-
inches of topsoil as well as both temporary and permanent hydromulch seeding.
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Table 2-1 Walnut Creek Construction Cost Estimate

ESTIMATED UNIT ESTIMATED
No. DESCRIPTION OF ITEM QUANTITY | UNIT PRICE COST
1 |Mabilization (5%), Demabilization (3%) 1 LS |5 4465200005 4465200
Demolition and Temporary Measures
2 |Care of Water 24 MO |5 15,000.00 | % 360,000
3 |SWPPP Preparation 1 LS [§ 20,000.00 | § 20,000
4 |Temporary Erosion and Sedimentation Control (2%) 1 LS |$ 1,361,40000|% 1,361,400
5 |Barricades, Signs and Traffic Handling 24 MO |5 12,000.00 ) % 288,000
6 |Site Access 70 STA |§ 3.000.00 | % 210,000
7 |Site Prep (Clearing and Grubbing) 90 AC | B 13.000.00 | §  1.170.000
8 |Construction Exit (Install & Remove) 160 SY | % 60.00 |5 9,600
Embarnfcment
9 |Excavation (trench) 100,030 CY |$ 2500 (% 2500750
10 | Stripping/Remove and Stockpile 24-inches soil 42080 CY |3 1000 (% 420,800
11 |Embankment Fill (dam embankment and trench) 356.870 CY |% 4500 | % 16.059.150
12 |Internal Drainage Aggregate, Embankment - Chimney Drain and Blanket Drain 38.370 CY |% 120.00 | §  4.604.400
13 |Miscellaneous Internal Drainage 1 LS | % 90,000.00 | % 90,000
14 |Cutoff Wall (sheetpiles) 67.480 SFF |§ 75.00 (% 5.061.000
15 |Maintenance Road (Flexible Base) 6,950 SY | 65.00 1% 451,750
16 |Instrumentation, Piezometers 4 EA |5 30,000.00 % 120,000
17 |Instrumentation, Underdrain System Flow Weir 1 EA |5 10,000.00 ) % 10,000
18 |Instrumentation, Surface Reference Monuments 8 EA |5 2.000.00(% 16,000
Spillway
19 |Reinforced Concrete, Principal Spillway 2,950 CY |3 975.00 1§ 2,876,250
20  |Reinforced Concrete, Principal Spillway Retaining Wall Stems 4,495 CY |$ 975.00 |5 4,382625
21 |Reinforced Concrete, Principal Spillway Manhole Walls and Deck Slab 260 CY |$ 1,100.00 | 5 286,000
22 |Reinforced Concrete, Principal Spillway Baffle Blocks and End Sill 190 CY |3 1,100.00 | 5 209,000
23 |Reinforced Concrete, Principal Spillway Discharge Apron Slab. 18-in Thickness 1,375 CY |% 975.00 [ 5 1.340.625
24 |Reinforced Concrete, Principal Spillway Discharge Apron Slab. 36-in Thickness 875 CY |% 1,050.00 | § 918.750
25 |Internal Drainage Aggregate, Spillway 2400 CY |5 145.00 | % 348,000
26 |Sail Anchors, Principal Spillway 1,250 LF |3 165.00 [ 5 206,250
27 |Rock Riprap and Bedding 1,415 SY |5 28500 | % 403,275
Site Stabilization
23 |Rock Riprap with bedding stone (thickness = 36") 24,330 CY |% 260.00 )% 6,325,800
29 |5oil Retention Blanket 25,430 SY |% 6.00]% 152,580
30 |Seeding Hydromulching (Temp. & Permanent) 431,750 SY |% .00 (5 2158.750
31 |6" Top Soil amend onsite/reuse 431,750 SY | % .00 1% 3,454,000
Probable Construction Cost $ 60,279,955
Bonds, Insurance and General Conditions 2.5% $ 1,506,999
Contingency 35% $ 21,097,984
Total Probable Construction Cost $ 82,884,938

Since the design professional has no control over the cost of labor, materials, or equipment, or over the coentractor's methed of determining prices, or over the
competitive bidding or market conditiong, their opinions of probable cost provided for herein are to be made on the basis of their experience and qualifications. Thes
opinions represent their best judgment as a design professional familiar with the construction industry. However, the design professienal can not and does not
guarantee that proposals, bids, or construction cost will not vary from the epinions of probable cost they have prepared. If the owner wishes greater assurance a
construction cost, they shall employ an independent cost estimator.

Client acknowledges and agrees that Halff's preparation of any estimate of prebable design and/or construction costs, preliminary or otherwise, and any updated
estimates of probable costs prepared by Halff, represent Halff's judgment as a design professional. Client further acknowledges and agrees that Halff has no cont
over the cost of labor, materials, or equipment; the Contractor's methods of calculating and estimating bid prices, or competitive bidding, market, or negotiating
conditions. Accordingly, Halff cannot and does not warrant or reprezent that bids or negotiated prices will not vary from Halff's estimate of probable costs (includir
any updates thereto) or from Client's budget or from any other estimate or evaluation, prepared or agreed to by Halff.
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2.3 Birch Creek opinion of probable construction cost

Quantities and calculations are based off dimensions outlined in the Draft Spring Creek
Watershed Flood Control Dams Conceptual Engineering Feasibility Study Conceptual Design
Appendix prepared by Black and Veatch and the accompanying plan and section exhibits.

Access to the site is along existing ranch roads off the westbound lanes of FM 1488. It is
assumed that these roads will be widened to 24-feet and improved/prepared for construction
equipment traffic by placing roadway flexbase. The location of the staging and laydown area was
selected as existing slopes are relatively flat, it requires minimal clearing, and it is located
approximately equidistant from each dam location. It is assumed that the contractor will use this
area for field offices, an on-site batch plant, to stockpile materials, and to stage equipment.

Much of the proposed dam alignment is heavily treed and will require substantial clearing and
grubbing. For estimating purposes, a cost per acre was determined, assuming the use of large,
heavy machinery such as bulldozers and excavators to remove trees and root balls.

The unit cost for the preparation of the Storm Water Pollution Prevention Plan is based on the
size of the site. Implementation and maintenance costs of temporary sediment and erosion
controls are based off the limits of disturbance and estimated duration of construction. The unit
cost for Care of Water assumes bypass pumping of Birch Creek for the duration of construction.

It 1s assumed that the top 2-foot layer of the site contains organics and other materials not
suitable for use as fill. Excavation quantities include the stripping of the top 2-feet of all
disturbed areas as well as the 20-foot wide, 20-foot deep with 1.5:1 (H:V) side slopes trapezoidal
cut-off trench (as shown in Embankment Sections BC-1 — BC-4). To limit hauling off a large
amount of material, the stripped material is proposed to be stockpiled on-site for potential reuse
as topsoil. It is assumed that the material excavated from the cut-off trench will be suitable for
use in the dam embankment. The remaining fill for the embankment will be sourced from the
identified borrow site northwest of the proposed dam location. The volume of the internal
drainage system and square footage of the sheetpile walls were determined using dimensions
outlined in the design basis memorandum and accompanying exhibits developed by Black and
Veatch.

The principal spillway outlet quantities were determined using the Spillway Section (BC-S) and
Birch Creek Dam Alignment conceptual design sheets. Similar elements of the spillway were
grouped together for ease of quantification and estimating purposes.

Site stabilization includes a 36-inch layer of rock riprap across the entire back side of the dam
(upstream). A soil retention blanket is proposed along the entire front of the dam (downstream)
to aid in vegetation establishment. All disturbed areas, including borrow sites, will receive 6-
inches of topsoil as well as both temporary and permanent hydromulch seeding.
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Table 2-2 Birch Creek Construction Cost Estimate

No. | DESCRIPTION OF ITEM | QUANTITY | UNIT | PRICE |  cosT |
1 |Mabilization (5%}, Demobilization (3%) 1 LS |5 345020000 |% 3450200
Demolition and Temporary Measures
2 |Care of Water L MO |5 15,000.00 | % 360,000
3 |SWPPP Preparation 1 LS | % 20.000.00 | % 20,000
4 |Temporary Erosion and Sedimentation Control (2%) 1 LS | 5§ 105190000 % 1,051,900
5 |Barricades, Signs and Traffic Handling 24 MO | § 12,000.00 | 5 288,000
6 |Site Access 90 STA |% 3.000.00 | $ 270,000
7 |Site Prep (Clearing and Grubbing) 90 AC D 13.000.00 | § 1,170,000
8 |Construction Exit (Install & Remove) 160 SY |§ 60.00 | % 9.600
Embanlkment
9 |Excavation (trench) 34,210 CY |35 2500 % 2355250
10 |Stripping/Remove and Stockpile 24-inches saoil 30,500 CY |5 10,00 | % 305,000
11 |Embankment Fill (dam embankment and trench) 216,970 CY |5 4500 |% 9,763,650
12 |Internal Drainage Aggregate, Embankment - Chimney Drain and Blanket Drain 26,220 CY |35 120.00 [§ 3.146.400
13 |Miscellaneous Internal Drainage 1 LS |§ 90.000.00 | % 90,000
14 |Cutoff Wall (sheetpiles) 63.520 SFF |'§ 75.00 |5 4,764,000
156  |Maintenance Road (Flexible Base) 5,610 SY | B 65.00 | B 364,650
16 |Instrumentation. Piezometers 4 EA 5 30,000.00] % 120,000
17 |Instrumentation, Underdrain System Flow Weir 1 EA 3 10,000.00| % 10,000
18 [Instrumentation, Surface Reference Monuments 8 EA 5 2,000.00] 5 16,000
Spillway
19 |Reinforced Concrete. Principal Spillway 2375 CY |35 975.00 | § 2315635
20 |Reinforced Cancrete, Principal Spillway Retaining Wall Stems 3.425 CY |35 975.00 | § 3.339.375
21 |Reinforced Concrete, Principal Spillway Manhole Walls and Deck Slab 260 CY |$ 1,100.00 | % 286,000
22 |Reinforced Concrete, Principal Spillway Baffle Blocks and End Sill 135 CY |$ 1,100.00 | % 148,500
23 |Reinforced Concrete, Principal Spillway Discharge Apron Slab, 18-in Thickness 1.025 CY |35 97500 | 5 999,375
24 |Reinforced Concrete, Principal Spillway Discharge Apron Slab, 36-in Thickness 675 CY |35 1,050.00 | 5 708,750
25 [Internal Drainage Aggregate, Spillway 1,885 CY |5 14500 | 5 273,325
26 [Soil Anchars, Principal Spillway 1,050 LF |$ 16500 | § 173,250
27 |Rock Riprap and Bedding 1,250 SY | % 28500 | % 356,250
Site Stabilization
28 |Rock Riprap with bedding stone (thickness = 36") 18,960 CY |35 260.00 1% 4,929,600
29  [Soil Retention Blanket 18,200 SY |§ 6.00 |5 109,200
30 |Seeding Hydromulching (Temp. & Permanent) 414,100 SY |5 500|% 2070500
31 |6" Top Soil amend onsite/reuse 414,100 SY |5 5.00|% 3,312,800
Probable Construction Cost $ 46,577,200
Bonds, Insurance and General Conditions 2.5% $ 1,164,430
Contingency 35% $ 16,302,020
Total Probable Construction Cost $ 64,043,650

Since the design professional has noe control over the cost of labor, materials, or equipment, or over the contracter's method of determining prices, or over the
competitive bidding or market conditions, their opinions of probable cost provided for herein are to be made on the basis of their experience and qualifications. Thes:
opinions represent their best judgment as a design professional familiar with the construction industry. However, the design professional can not and does not
guarantee that proposals, bids, or censtruction cost will not vary from the epinions of probable cost they have prepared. If the owner wishes greater assurance a
coenstruction cost, they shall employ an independent cost estimator.

Client acknowledges and agrees that Halffs preparation of any estimate of probable design and/or construction costs, preliminary or otherwize, and any updated
estimates of probable costs prepared by Halff, represent Halff's judgment as a design professional. Client further acknowledges and agrees that Halff has no conl
over the cost of labor, materials, or eguipment; the Contractor's methods of calculating and estimating bid prices; or competitive bidding, market, or negotiating
coenditions. Accordingly, Halff cannot and does not warrant or represent that bids or negotiated prices will not vary from Halff's estimate of probable costs (includi
any updates thereto) or from Client's budget or from any other estimate or evaluation, prepared or agreed to by Halff.
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3 Land costs

3.1 Land considerations

The land acquisition cost for each project accounts for a large percentage of the overall
construction cost due to the large acreage needed for the limits of inundation. Much of the land
acquisition type and cost will depend on the individual landowner and the negotiations that take
place during the acquisition phase (i.e., whole, or partial acquisition, easement or fee ownership).
Land costs will vary due to several factors:

e Inundation Extents: The extents of the land acquisition will be determined by the flood
pool elevations of the two reservoirs and the land below these elevations as well as
negotiations with the landowner. In some cases, the full tract may need to be acquired
due to future usability of the tract, while in others only a portion will need to be acquired.

e Land Acquisition Type: Two types of land acquisition are available for flood control
facilities depending on the necessary use of the land.

0 In Fee - If owned in fee, the project owner has full control of the land and will be
responsible within the taxing jurisdiction as the underlying landowner. This
prevents others from use of the land. However, this ownership will cost more than
an easement on the land.

0 Flood Easements - Since these facilities will be dry most of the time, easements
can be acquired in lieu of fee to reduce the cost of the occasional use of the land.
In this scenario, the underlying owner is still able to use the land with specific
restrictions such as placing fill or structures within the easement. Easements are
quite common for drainage and flood control facilities.

e Existing Land Use: The current and future use of the property can impact the price of
the property. Vacant land will tend to be valued lower than land with existing structures
or other uses. Structures within the proposed acquisition area would need to be relocated
out of the area or demolished prior to construction of the project which will also increase
the cost of acquisition.

e Roadway Access: Undeveloped properties that have roadway access will be valued
higher than those without access.

e Existing Floodplain Limits: Development within the floodplain can be costly and
therefore properties within an existing floodplain will generally be valued lower than
those outside of an identified floodplain. Discounts are usually assessed for the area of an
acquisition that is within the floodplain.

e Future Land Use: Property owners sometimes have plans for how their property will
develop in the future and a perceived value for that future use.

e Survey: Inundation extents for the reservoirs are associated with a single elevation based
on the proposed flood pool. However, the curvilinear nature of this extent is difficult to
accurately survey for acquisition. Therefore, the extent of acquisition is simplified when
purchasing an easement or full tract of land. This may result in an acquisition of more
total land than necessary to encompass the required area.

e Eminent Domain: For large public facilities such as a flood control reservoir,
condemnation of the necessary land may be required for some of the properties. This
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process increases the time of acquisition as well as the cost since numerous additional
steps are needed to obtain the right to use the land.

3.2 Acquisition extents

The land required for the projects consist of the dam footprint as well as the downstream erosion
control features needed to dissipate the flow from the spillway. Land acquisition will also be
required within the inundation area to accommodate the temporary storage of water during
rainfall events.

Several inundation limit scenarios were evaluated to determine the acquisition extents for the
inundation limits. The extent of the area needed for acquisition for the 100-year, 500-year, and
Probable Maximum Flood (PMF) extents are summarized in the tables below.

Table 3-1 Walnut Creek Acquisition Extent Summary

Water Surface Inundation Area No. of Impacted
Storm Event ]
Elevation (acres) Parcels
100-year 254.7 940 69
500-year 259.8 1,210 71
Probable Maximum Flood 261.6 1,370 72

Table 3-2 Birch Creek Acquisition Extent Summary

Water Surface Inundation Area No. of Impacted
Storm Event .
Elevation (acres) Parcels
100-year 251.2 690 17
500-year 2553 850 19
Probable Maximum Flood 257.1 920 19

While the PMF scenario requires the most area and number of parcels, acquiring this extent
provides the future project owner the most amount of property for inundation in case of an
extreme flood. These limits would also compensate existing landowners for use of the property.
Whether acquired through easements or fee, the acquisition limits were based on the PMF
inundation limits.

3.3 Property valuation

Properties were evaluated based on the available 2024 Waller County Appraisal District
information including the tract size, land classification, and market value. The land in the area is
either classified as large undeveloped tracts, large lot rural areas, or solar farms.

For the large undeveloped tracts (greater than 85 acres), the cost per acre of land varies
depending on the variables listed above. For these tracts, the value ranged from $8,000 per acre
to $40,000 per acre with a median value of around $20,000 per acre. Since there was a wide
variation, standardizing the cost would provide a consistent number and reduce the cost
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variability of outliers in the estimate. Therefore, the median value of $20,000 per acre was used
for cost calculation for the large, undeveloped tracts.

For large lot residential tracts, the cost per acre varied between $14,000 and $130,000 depending
on the land use of the tract. The inundation extents vary from lot to lot and with costs having a
larger range in value, these lots were evaluated at the market value provided within the appraisal
district information.

For all undeveloped land costs, a 2.0 multiplier was included to the market value to account for
negotiations and soft costs of fee acquisition. For land where a structure exists, a 3.0 multiplier
was used to account for additional soft costs associated with the structure. Easements were
assumed to cost half of the market value cost.

3.4 Land cost scenarios

Each of these factors will be considered in the negotiations with individual landowners at the
time of acquisition and costs will vary depending on the negotiation timeframe. There will be a
wide range of cost scenarios depending how the negotiations occur and therefore two cost
scenarios were tabulated to provide the range of potential land costs as summarized below.

e Full Fee Acquisition: For this scenario, the project owner would acquire the entire
property within the limits of the probable maximum flood. This would provide the owner
full access to the property and prevent underlying landowners from accessing or building
within the property. This scenario also provides the upper limit of what potential costs
may be for acquiring the land.

e Full Easement Acquisition: NRCS flood control dams within Texas are typically
constructed within permanent easements acquired up to flood pool elevations. This
scenario would allow the project owner to construct and operate the project as well as
allowing the underlying owner access to the property for agricultural or other permitted
uses. This scenario provides the lower limit of potential costs as easements are lesser cost
than fee acquisition.

3.5 Walnut Creek detention basin

The PMF extents for the Walnut Creek detention basin cover 72 tracts that include existing
floodplain, a large solar farm, and individual landowners with varying levels of development.
The limits of acquisition were adjusted beyond the inundation limits to accommodate the ability
to survey and document the tracts and easements. There were also some instances where the
entire property is recommended to be purchased rather than just the inundated area due to the
usability of the remaining tract. The proposed tract acquisition extents are shown in Figure 3-1
and Exhibit 1.

10
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Figure 3-1 Walnut Creek Recommended Acquisition Area

Fee acquisition of the acquisition area would include all or portions of the tracts impacted by the
probable maximum flood extents. The total cost for fee acquisition is approximately
$122,286,920. Easement acquisitions for the entire inundation extents is estimated to be
$68,639,998. The actual cost will be somewhere between this range depending on the type of
acquisition, and negotiations with the property owners.

The existing solar panels for the large solar farm will have to be removed and relocated to
accommodate the inundation limits. Approximately 880 acres of solar panels will be required to
be re-located which is approximately 34% of the total site. At the time of this study, it may cost
up to $50 million to remove and relocate these panels. This cost was included in the land
acquisition for Walnut Creek. The potential land costs are summarized in Figure 3-2.

Walnut Creek Potential Land Cost

Easement In Fee
$68,639,998 $122,286,920

$0 $20,000,000 $40,000,000 $60,000,000 $80,000,000 $100,000,000 $120,000,000 $140,000,000
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Figure 3-2 Walnut Creek Potential Land Cost Range

3.6 Birch Creek detention basin

The PMF extents cover 19 tracts that include existing floodplain, a potential residential
development, and individual landowners with varying levels of development. The limits of
acquisition were adjusted beyond the inundation limits to accommodate the ability to survey and
document the tracts and easements. There were also some instances where the entire property is
recommended to be purchased rather than just the inundated area due to the usability of the
remaining tract. The proposed tract acquisition extents are shown in Figure 3-3 and Exhibit 2.

Figure 3-3 Birch Creek Recommended Acquisition Area

Fee acquisition of the proposed acquisition area would include all or portions of the tracts
impacted by the probable maximum flood extents. The total cost for fee acquisition is
approximately $49,876,968. Easement acquisition for the entire inundation extents is estimated
to be $11,748,674. The actual cost will be somewhere between this range depending on the type
of acquisition and negotiations with the property owners.

12
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Figure 3-4 Birch Creek Potential Land Cost Range
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4 Utility conflicts

4.1 Conflict summary

The site review confirmed no utility conflicts with the proposed project. This desktop assessment
utilized the best available data, including a review of the Texas Railroad Commission web
viewer for active gas lines and well sites. Easement documents were not reviewed as part of this
effort.

The opinion of probable construction cost does not include gas line relocation expenses. If
easement restrictions require relocation, the estimated cost is approximately $3 million per mile
per line.

Minor overhead utility adjustments may be needed at the proposed construction entrance to meet
clearance requirements. An allowance for these adjustments is included in the mobilization cost
within the opinion of probable construction cost.

No conflicts with other utilities were identified based on the available data. A detailed subsurface
utility investigation was not performed as part of this assessment. Further coordination with
utility providers may be required during final design and construction.

14
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S Environmental mitigation costs

5.1 Impacted areas

5.1.1 Walnut Creek

Based on preliminary design plans, the project would include the construction of an
approximately 3,373-foot-long dam that would have an approximately 12.0-acre footprint. Fill
material to construct the earthen dam would be collected locally from two borrow pit areas
measuring 28.9 acres and 14.7 acres. To support operation and maintenance of the dam,
approximately 6,160 feet of 24-foot-wide road improvements would be required to be
constructed. A temporary construction laydown area, measuring approximately 17.2 acres will be
used throughout construction activities, but will be restored to pre-construction conditions
following construction.

5.1.2 Birch Creek

The proposed Birch Creek dam project’s preliminary design involves the construction of an
approximately 3,168-foot-long dam covering an approximately 8.7-acre footprint. Fill material to
construct the earthen dam would be collected locally from an adjacent 53-acre borrow pit. To
support operation and maintenance of the dam, approximately 7,410 feet of 24-foot-wide road
improvements would be required to be constructed. The same temporary construction laydown
area (approximately 17.2 acres) would be used throughout construction activities but will be
restored to pre-construction conditions following construction.

5.2 Aquatic feature impacts

Halff estimated the potential wetland and waterbody impacts by comparing the most recent
project layouts to current aerial images and wetland and waterbody alignments from the most
recent U.S. Geological Survey digital orthographic quarter quadrangle topographic maps
(Magnolia West 2023 and Waller NW 2022) ) and U.S. Fish and Wildlife Service (USFWS)
National Wetlands Inventory (NWI) data (USFWS 2024) and U.S. Geological Survey (USGS)
National Hydrography Dataset (NHD) data (USGS 2024). The NWI and NHD data were selected
to estimate impacts because they are modeled data that are generally appropriate at broad
geographic scale; however, it is critical to note that actual aquatic resource features would have
to be delimited from a field survey.

Based on these data, construction of the Walnut Creek dam project would involve impacts to 3.5
acres of wetlands and 295 linear feet of stream. Similarly, the Birch Creek dam project would
involve impacts to 0.9 acre of wetlands and 267 linear feet of stream.

5.3 Potential mitigation costs

At the time of writing, eight mitigation providers can provide mitigation credits for the projects
(Table 5-1). The projects fall within the primary service area of four of these banks, but in the
secondary service area of the remaining four mitigation banks.

15
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Table 5-1 Mitigation Options for Impacts Associated with the Proposed Spring Creek Dam Projects

Service . .
Bank Name Area Wetland Suites Stream Current Price
Katy Prairie Stream Primary - 19,537 $375/linear foot
Houston Conroe Stream Primary - 32,011 $325/linear foot
) . $220,000/acre
Sand Hill Primary TBD TBD .
$350/linear foot
. . 127.5 (Forested) $214,500/acre
Tarkington Bayou Primary ]
65.7 (Non-forested) $325/linear foot
West Montgomery Secondary 67.7 (Forested) $153,000/acre
Spellbottom Secondary 31.1 (Forested) $150,000/acre
Mill Creek Secondary 13.9 (Forested) $220,000/acre
$153,000/acre
Lake Houston Secondary 14.4 (Forested) 12,048 :
$310/linear foot

Assuming that the wetlands associated with the proposed impact areas are typical of the region,
each acre of wetland loss would require 1.8 to 2.4 credit suites per acre of impact (i.e., complete
loss of wetland function). However, conversion of wetlands or other incremental decreases in
functional value and/or reductions in acreage would reduce credit needs. Stream impacts are
calculated based on the linear feet of the project and the type of alteration to the project.
Purchasing credits from a secondary service area would increase mitigation costs by 50%.

Considering the price range of wetland credits, purchasing credits necessary to mitigate for the
complete loss of the wetlands associated with the Walnut Creek detention basin would cost
between $1,386,000 (i.e., 3.5 acres x 1.8 functional loss x $220,000) and $1,848,000 (i.e., 3.5
acres x 2.4 functional loss x $220,000) if completed within the primary service area of these
banks. Depending on the extent of stream impacts, the project would also require between
$110,625 (i.e., 295 linear feet x $375 x 1.0 impact factor) and $442,500 (i.e., 295 linear feet x
$375 x 4.0 impact factor). Similarly, wetlands impacted by the Birch Creek detention basin
would cost between $356,400 and $475,200, if completed within the primary service area of
these banks. Depending on the extent of stream impacts, the project would also require between
$100,125 and $400,500.

These projections should be considered maximum probable estimates of costs for mitigation. A
complete delineation of waters of the United States, functional assessment, and determination of
functional impacts associated with construction need to be conducted during future phases of the
project lifecycle and would provide additional guidance as to potential mitigation costs.
Additionally, per credit costs are negotiable with individual banks.

16
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6 Maintenance

Developing a comprehensive operational and maintenance (O&M) cost plan for dry detention
basins involves considering various activities essential for the basin's functionality and safety.
Below is a breakdown of typical maintenance activities, their recommended frequencies, and
considerations for cost estimation:

Vegetation Maintenance (Mowing and Tree Removal):

e Frequency: Mow side slopes, and embankments at least twice per year. Regular mowing
prevents woody vegetation establishment and maintains accessibility. Tree removal should
be conducted as needed to prevent root systems from compromising structural integrity.

e Cost Considerations: Costs include labor, equipment operation, and debris disposal.
Factors influencing costs are basin size, slope steepness, and vegetation density. Utilizing
native plantings can reduce mowing frequency and associated costs.

Debris and Litter Removal:

e Frequency: Inspect and remove debris from inlets, outlets, and basin areas during each

mowing session and after significant storm events.

e Cost Considerations: Costs involve labor for inspections and debris removal, as well as
proper disposal methods. Regular removal prevents blockages and maintains basin
functionality.

Post-Storm Event Inspections:

e Frequency: Conduct inspections after major storm events to assess structural integrity and

identify immediate maintenance needs.

e Cost Considerations: Costs include labor for thorough inspections and documentation.
Timely inspections help in early detection of issues, potentially reducing long-term repair

Costs.
Annual Comprehensive Inspections:
e Frequency: Perform detailed inspections annually to evaluate the overall condition of the

basin, including embankments, spillways, and mechanical components.

e Cost Considerations: Could require qualified dam safety personnel and appropriate
equipment. Comprehensive inspections ensure compliance with safety standards and
identify areas needing minor maintenance.

Minor Maintenance Projects (e.g., Addressing Animal Damage):
o Frequency: As needed, based on inspection findings.
e Cost Considerations: Includes materials and labor for repairs such as filling burrows or

repairing minor erosion. Proactive management can prevent minor issues from escalating
into major problems.

17
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Five-Year Dam Safety Inspections:

e Frequency: Every five years.

e Cost Considerations: Will require dam safety engineers. Costs are higher due to the
specialized nature of the inspection but are crucial for ensuring long-term structural
integrity and safety compliance.

Additional Considerations:

e Sediment Removal: Monitor sediment accumulation and plan for removal when storage
capacity is significantly reduced, typically every 5 to 10 years. Costs depend on sediment
volume, disposal requirements, and accessibility.

e Erosion Control: Regularly inspect for erosion on embankments and basin outlet.
Implement corrective measures, such as reseeding, installing erosion control blankets,
additional riprap, as needed.

Cost Estimation:

Annual maintenance costs for dry detention basins are estimated to be approximately 2-5% of the
initial construction cost. For this cost analysis, maintenance was assumed to be approximately
3.4%. This percentage accounts for routine activities such as inspections, vegetation management,
and minor repairs. Non-routine maintenance, like sediment removal or significant structural
repairs, will incur additional costs and should be budgeted for separately.

Implementing a detailed maintenance plan with scheduled activities and allocated budgets will
help ensure the detention basin operates effectively and remains compliant with safety regulations.

18
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7 Total costs

As outlined in the sections above, the total cost to construct each detention basin is dependent on
and inclusive of several factors. While lands and easement acquisitions, utility relocations,
environmental requirements, and operations and maintenance all impact overall project cost, the
primary cost driving factor is the absence of site-specific geotechnical information. Unknowns in
subsurface conditions have direct effects on the assumptions made regarding on-site properties
and applicability, seepage control design, foundation design, and groundwater levels. Additional
design information is required to establish the applicability of the selected seepage control design
— sheet pile cut off wall. Geotechnical information is essential to further tailor costs for each
dam. The breakdown and total cost for each project is included in Table 7-1.

Table 7-1 Detention Basin Total Cost

Walnut Creek Birch Creek
Construction $82,884,938 $64,043,650
Engineering' $12.432,740 $9,606,547
Land Acquisition’ $95,463,459 $30,812,821

Environmental $2,290,500 $875,700
Utilities $0 $0

Total $193,071,637 $105,338,718

Annual Maintenance $2,800,000 $2,100,000

! Engineering including geotechnical, survey, design, and construction management is assumed to be 15% of the total
construction cost
2 The 50% mark of the land cost range was used for the total cost estimate

The purpose of this lifecycle cost estimate is to assess the full financial commitment associated
with the two projects, including both construction and long-term maintenance costs. The analysis
calculates total annual costs over a 50-year project life, which includes 30 years of O&M plus
debt service followed by 20 years of continued operations and maintenance. Each project is
evaluated independently with its own financing structure and O&M obligations. The results
provide a clear, long-range financial outlook to support decision-making and resource planning.

Each project is assumed to be financed independently using a 30-year term loan at a fixed
interest rate of 4.00%, which aligns with recent rates available to public entities (e.g., AA-rated
municipal bonds). Level debt service is assumed, meaning the same payment is made each year,
simplifying long-term financial planning. This structure assumes no refinancing, variable rates,
or early payoff. All cost figures are presented in 2025 dollars, with no inflation applied. The
debt service amounts are calculated using a standard amortization formula, annual payments over
the loan period.
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Table 7-2 Project Cost
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Walnut Creek Birch Creek
Construction $193,071,637 $105,338,718
Annual Maintenance $2,800,000 $2,100,000
Debt Service Factor 0.05783 0.05783
Annual Debt Service $11,165,000 $6,092,000
30-Year Debt Service Total $334,950,000 $182,760,000
> ?\',[Zfr?tregapfg:t}%ﬁl& $140,000,000 $105,000,000
50-Year Lifecycle Cost $474,950,000 $287,760,000

Initial construction cost, Annual debt service (30-year loan), Annual operations & maintenance (O&M), A total cost view for
both the 30-year financing period and the full 50-year project lifecycle

20



xide Hgiyx3-I1soopueT INUEM\XHdY\HO\BUBLIOM\SIO\TO0\Z8IZ\SO00ZH\'V :Ued

Gc0e/L/s

— }O\/ \¢& /\Y 1 r) —
2
7
2 8
A — |1 8
1-2 45
. ]
8
8 15 9 l\
1
ﬁ |
1
4 ¥ 73
8 8 21 ,
o (] n

| - L

|
— ]

B — - % N
[ ] waller County Parcels E
[ Acquisition Area rshed B KV |

T county Bounaary D
L1 L //ﬁf ,
Exhibit 1 Spring Creek Watershed
| K P | A " Flood Control Dams
Walnut Creek Parcel Acquisitions Engineering Feasibility Study




xide zugIyx3 3soopueT INUBM\XYdY\JO\BUDHIOM\SIO\TO0\Z8IZ\S000ZH\V U¥ed

Gc0e/L/s

[ ] waller County Parcels
[ Acquisition Area

J County BoU

aary

NP
L rncu

\

— > NN /A — .
]
I |
V4 |
4
7
O
| | B
| \J ~

Exhibit 1
Walnut Creek Parcel Acquisitions

Spring Creek Watershed
Flood Control Dams
Engineering Feasibility Study




xade Hgiyx3-3soopueT YaIg\XHdY\JO\BUDIOM\SIO\TO0\Z8IZ\SO00ZH\V :U¥ed

Gc0e/L/s

HEEEEE

R

/

|
[ ctinbim 1
[ ] waller County Parcels
[ Acquisition Area prshed
— bounV\bounGary

Birch Creek Parcel Acquisitions

Exhibit 2

Spring Creek Watershed
Flood Control Dams
Engineering Feasibility Study




BORROW SITE CLEARING

KK

0
%o
SRS
ERRRRKX
’ >
St

%!
QRLS

&

5
5
RRL

IR

&5
5L
R

P
K

TS
TS
RS

e
%

XD
D
X
25
K

K>
SRR
SRRLRLES

RRLRLRLRL

SRHKRX

X

%
%

%5
%
e

%
&5
%

Ve ve

"z’
X
X
&5
o
2R
&5
X XXX

P
KR
”:

<0
X
&L

%
%
85

<

T
X3
&S
5
L

X
XXX
:’:”
&
<%

%
2K
RS

<

£
XS
190

(""‘
L
RS

STAGING &
LAYDOWN

AREA
1000’ x 750

%@m

SITE CLEARING

g
] ONKNOWN

CONSTRUCTION ENTRANCE w

B

Source: Esri; Maxar, Earthstar Geographics, and the GIS User Community:

Legend
Site Clearing - 200' L & R

Spring Creek Watershed
Flood Control Dams

Conceptual Engineering
Feasibility Study - Birch Creek

Disturbance Limits

m———— Birch Alignment
- Construction Entrance/Exit m Borrow Site
Site Access - 24' Wide === Stream Centerline

Staging/Laydown Yard

Parcels

1,200 1,600

0 200400 800
e e - o o t
1 inch = 800 feet




\| —
\ S

BORROW SITE \ =

\
)/

SPILLWAY

/CONCRETE SPILLWAY
WITH OGEE WEIR,
CONCRETE RETAINING
WALLS, AND ROCK

/\RIPRAP DOWNSTREAM

EMBANKMENT GRADING

Z

£

V /LS L LS
B ———
S

,
/
.
B

L
=~

CEA ,Er-th*s‘t'ar
Geographiss, andiheCiS User

Cemmunity /

Source: Esri, Maxar, Earthstar Gé““ographics, and the GIS User Community

Spring Creek Watershed Legend
FIOOd Contl'Ol Dams —--—- Birch Alignment Borrow Site
|:| Concrete Retaining Walls Proposed Minor Contours - 2'
Conceptual Engineering Maintenance Road —— Proposed Major Contours - 10'
FeaSIblllty StUdy - Birch Creek Concrete Spillway === Stream Centerline
Embankment & Outlet Rock Riprap Limits Parcels

0 125250 500 750 1,000

e e - o o t
1 inch = 500 feet




SITE STABILIZATION
(TOPSOIL & SEEDING)

ROCK RIPRAP

TURF REINFORCEMENT MAT

SITE STABILIZATION
(TOPSOIL & SEEDING)

Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community

Spring Creek Watershed
Flood Control Dams

Conceptual Engineering
Feasibility Study - Birch Creek

Site Stabilization

Legend

— - Birch Alignment Site Stabilization Limits

Stream Centerline

Turf Reinforcement Mat

Rock Riprap Limits Parcels

0 175350 700 1,050 1,400

e ™™ s ™ s | S
1 inch = 700 feet




BORROW SITE CLEARING

A

vvvvv R

Y
o%e%e
o‘o’y

>
LS

’ =
5
%

5
KRS

&

%

KK

KK

SR
LK

SRS
SRR

KKK
%!
S
SRS

KL

<
<

R
Do

&
SRS
RS

K

&

oo

S

S5
25
XXX
RS
3
SRS
IR
0%
3%

o\
QSRR
%
85
LRHKSS
LRHKS
KKK

&
v’:Q
35

=
100N
RR

5
55
%

%

%
0%
SNRIERS
&
3RS
SRS

%
255
5

SR

&
XS
KS
KRS
KK
\

35
3%

<N
<o

O KX XXX
<X LXK X XKD
AR

4

%
K

KR

A\
SRREATKS
SR
%

&L
CHRL
2RLR
XS
XS
XS
<X
&5

&%
0%
&
&5

&3
SRS
5
R
5
L
25

%
28
L0
L8
<

%

5
SRR
KK

6
&S
LXK
K&

%
5
35

5
B

XSS

e
X5
%

%
ose.
SRR

SRR %
908 SN
&3 o

<>
<

<o
9

X
%

0%
2R
%

0
3‘3 3:’
XXX
LIRS
S ::’
bole!

o

£
%

74
5
&5

K

SITE CLEARING

STAGING &
LAYDOWN
AREA
1000’ x 750’

BLVD

CONSTRUCTION ENTRANCE

\WOODWAY{DRS
VOODWAYAL

i g
R

o

mGOON\EOGIH

Source:/Esri, Maxar, Earthstar Geographics,-and t

he GIS/User Community

Spring Creek Watershed
Flood Control Dams

Conceptual Engineering
Feasibility Study - Walnut Creek

Disturbance Limits

Legend

----- Walnut Alignment

- Construction Entrance/Exit m Borrow Site

Site Clearing - 200' L & R

=== Stream Centerline

Site Access - 24' Wide

Staging/Laydown Yard Parcels

600 900

1 inch = 600 feet

1,200

0 150300
e e | o




ROCK RIPRAP

BORROW SITES

MAINTENANCE ROAD

EMBANKMENT GRADING

SPILLWAY

CONCRETE SPILLWAY N

WITH OGEE WEIR,
CONCRETE RETAINING
WALLS, AND ROCK
RIPRAP DOWNSTREAM/

ICS,

’ |ty’

Source: Esri; Maxar, Earthstar Geographics, and the\GIS User Communiiy‘

Spring Creek Watershed
Flood Control Dams

Conceptual Engineering
Feasibility Study - Walnut Creek

Embankment & Outlet

Legend
—--—- Walnut Alignment Borrow Site
|:| Concrete Retaining Walls Proposed Minor Contours - 2'

Maintenance Road
Concrete Spillway

Rock Riprap Limits
N

Proposed Major Contours - 10’

Stream Centerline

Parcels

0 100200 400 600 800

e e |- o
1 inch = 400 feet




SITE STABILIZATION
(TOPSOIL & SEEDING)

SITE STABILIZATION
(TOPSOIL & SEEDING)

TURF REINFORCEMENT MAT

ROCK RIPRAP

\WOODWAY{DR

|

OAK{HOLLOW]BLVD]

balaoomanaly

Spring Creek Watershed
Flood Control Dams

Conceptual Engineering
Feasibility Study - Walnut Creek

Site Stabilization

Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community

Legend

— Walnut Alignment Site Stabilization Limits

Turf Reinforcement Mat

Stream Centerline

Rock Riprap Limits Parcels

0 150300 600 900 1,200
e e - o o t
1 inch = 600 feet




i

|

&

Spring Creek Watershed

Flood Control Dams

Conceptual Engineering
Feasibility Study

Utilities

Legend

Gas Wells
©  Dry Hole
©  In Operation

©  Plugged

N

Source: Esri, Maxar, Earthstar Geographics, and the le§ User Community

i # Electric Transmission Lines
Natural Gas Transmission Lines

————— Dam Alignments

—— Stream Centerline

E Parcels

0 5001,000 2,000 3,000 4,000

e e | o

1 inch = 2,000 feet




=== h alﬁ Spring Creek Watershed Flood Control Dams
unm Conceptual Engineering Feasibility Study

Appendix D:
Hydrology & Hydraulics BCR Appendix



Spring Creek Watershed Flood Control
Dams Conceptual Engineering Feasibility

SJRA== Study
Hydrology & Hydraulics BCR Appendix

Flood Infrastructure Fund Category 1
Project ID 21-0016

Prepared for:
Texas Water Development Board

Prepared by:

Halff
C. Andrew Moore, P.E., CFM
Sam Hinojosa, P.E., CFM
Cynthia Rodriguez, EIT
Brandon Huggett, EIT, CFM



EEE h alﬁ Spring Creek Watershed Flood Control Dams SJRA:

SAN JACINTO RIVER AUTHORITY

Conceptual Engineering Feasibility Study

Table of Contents

1 Introduction and background ..............ccoeieeriiiiiiiiiiiii e 1
1.1 SCOPE OF WOTK....eiiiiiiiiiie ettt e e e e e et e e e et eee e e nbaeeeas 1
1.2 San Jacinto Regional Watershed Master Drainage Plan (SJRWMDP)...........cccceennne. 1

2 Data COLLBCTION .....eeeiuitie ettt et ettt e st e sttt e st e e ettt e esbeeenaeeeanneeas 4
2.1 HCFCD MOACING.....coiviiiieiiiiie ettt ettt e ettt e e et e e e et eeeeesasnaeeeensseeeeeensnes 4
B < & ¥ | o DU PPUTPRRTPRRR 4
2.3 Structural database. ..........ocuueiiiiiiiiiii e 4

I 5 6 10] 0 o PRSP PPPPUPRRRRN 5
3.1 Rainfall data .....oo.oeiiii e 5
3.2 Hydrology UPAAtes.......cceieeiiiiiiiiiiiiieee ettt e e e e et e e e e e e e et eeee e e e e nneeaaaeeeas 5
33 HEC-HMS TESUILS ...ttt e 8

4 Existing hydraulic MOl ..........ccoeviiiiiiiiii e e a e e 9
4.1 HCFCD MOGEL.....uiiiiiiiieiiie ettt ettt e et e e et eeneeee e eeesnneeeenneeas 9
4.2 Model adjuStMENTS........eiiiiiiiiiiiiiiiiieee et e e e e e et e e e e e e e et eaee e e e e e nneaaraeeas 9

NI 01§10 ) 1 10 s DO PP TPPPPTRROPPPRROt 15

6 EXisting CONAIIONS TESUILS ....cooueiiiiiiiiiieee e e e e e e e e e e e e e e naaaraeeaeeeeeas 16
6.1 Spring Creek watershed SUMMATY ..........ccccvviiiiiieeeeiiciiieeee e e e 16
6.2 DiSCharge COMPATISONS ....cceeieeiiiiiiieeeeeeeeiiiitteeeeeeeeeeeatarreeeeeeeesssnsnaaeeaeeeeeesssssssneees 17
6.3 Water surface elevation COMPATISONS .........ceeeeeuviiiiireeeeeeriiiirreeeeeeeeesirrreeeeeeeeessnnnns 17
6.4 Structure flooding SUMIMATY ..........cciiiiiiiiiiiiiiiiieee e eeeeieeree e e e e e eeeeeeeeseeraeeeeas 17

T PrOPOSEA PIOJECLS...uuuuiriiiiieeeeeeeiiitite et e e e e e e e et et eeeeeeessaaaareeaeaeeeasssssssssaeaaeeeeeassnnssssseaeaaeeanns 20
7.1 Modeling apProaCh .........uvviiiiiei e a e e e e e anees 20
B 03151313V 3 (o) s DU UUUR R 22
7.3 Walnut Creek detention Dasin ...........eeeeiiiiiiieiiiiiiieeiiiee et 23
7.4  Birch Creek detention Dasin ..........cc.ueeiiiiiiiiiiiiiiiie et 25
7.5  Combined detention basin hydraulic results .............cccciiiiiiiiiiiiiieee 26

8 Structure benefit ANALYSIS ......cciviiiiiiiiiiiii ittt 27
8.1 FrequencCy SEOTINS. .....oiuiiiiiiiiee et e e e e e e e e e 27
8.2 HIStOTICAl STOTIMNS. . eiiiiiiiieiiiiiiiiieee e e e et e e et e e e e e e e e rb e e e e e e e e e e e enneaaaaeaaaaeeaaas 28

O Benefit COSt ANALYSIS ...eeeiiiiiiieeiiiiiee ettt ettt e et e e ettt e e et e e e e enaeeeeas 30
9.1 MELhOAOLOZY ..ttt e ettt e e et e e e ettt e e e e nbaeeeenes 30
0.2 Walnut Creek reSULLS. ... ..oiiiiiiiiieiie et e e 34
0.3 Birch Creek T€SULLS ...ouuuiiiiiiiiiie e e e e e 35
9.4  Combined Detention Basin reSULLS ..........c..eeiiiriiiiiiiiiiiiiie e 35

10 Potential funding OPPOTTUNTLIES .......cceriuriiieiriiiiie et eee ettt e e ettt e e e ettt e e e et e e e esereeeeeeneaeeeeas 36

il



- h alﬁ Spring Creek Watershed Flood Control Dams SJRA:

uEm Conceptual Engineering Feasibility Study SAN JACINTO RIVER AUTHORITY
10.1 Federal Emergency Management Agency (FEMA).......ccooooiiiiiiiiiiieeeiiiee e 36
10.2  US Housing and Urban Development Funding (HUD/GLO)........ccccccovviviiieiiniiireenns 36
10.3  Natural Resource Conservation Service (NRCS)........cccovvviiiiiiiiiiiiiiiieeeeeeeeeeee. 37
10.4 Texas Water Development Board (TWDB)..........ooiiiiiiiiiiiiiiiiieeeiiee e 37
10.5  Local fUNAING ...cevviiiiiiiiiiee ettt e e et e e e et e e e eetbeeeeenssaeeeenes 38
11 Recommendations and NEXE SEEPS......cccuvuireerriiieeeiiiieeeeeiiiereeestieeeeeerreeeeesssreaeesssseeeessnsseeeens 40
List of Figures
Figure 1-1 Walnut Creek Detention Basin Location (from SJIRWMDP) ........ccccccovviiiiiiiiinnnnnn. 2
Figure 1-2 Birch Creek Detention Basin Location (from SIRWMDP) ........cccccccvviiiiiiiiiiiiiinnnenn. 3
Figure 4-1 1D/2D Spring Creek Hydraulic Model Layout ...........ccccceeeeeviiiiiiiiiieeeeeeciiieeeeee e 9
Figure 4-2 Walnut and Birch Creek 2D AT€a............cevviiiiiiiiiiiiiiiiiee et eeivreeee e 10
Figure 4-3 2D Area Internal Boundary Conditions ............cccccvviiiiieeeiiiiiiiiiiiieee e eeeiieeeeee e 11
Figure 4-4 2D Area BreaKlines........c..uviviiiiieiiiiiiiieee ettt e e e e e e eeae e e 11
Figure 4-5 Walnut Creek Adjusted Cross SECHIONS .......cceeeeiiciiiiiiiieeeeeeiiiiiieeeeeeeeeeiiiereeeeee e 12
Figure 4-6 Walnut Creek Additional Cross SECHIONS.........ccceuvvvriiireeeeeeiiiiiiieeeeeeeeeiiireeeeee e 13
Figure 4-7 Walnut Creek Additional Structure .............cccoeveviiiiiiiiieieieeciieeee e 13
Figure 4-8 1D/2D Connections on Walnut and Birch Creek ...........ccoooveciiiiiiiiiiiiiiciiiiiieeeeenn 14
Figure 6-1 1% ACE (100-year) Flows Throughout Spring Creek.............cccoovniiiiiiiniiiinninen. 16
Figure 7-1 2D Connections Modeling Proposed Detention Basins..........ccccccceveeeeeeeccciiiieeeeeennn. 20
Figure 7-2 Walnut Dam Cross Section View of Dam 2D Connection ...........ccccceeeveevvvvreeeeeennnn. 21
Figure 7-3 Birch Dam Cross Section View of Dam 2D Connection...........cccccceeeeeeeecnvvireeeeeennn. 21
Figure 7-4 Birch Creek Volume Vs WSE Reduction Comparison ..........ccccceeeeeeeeeeeeccinneeeeeeeennn. 22
Figure 7-5 Walnut Creek Volume Vs WSE Reduction Comparison...........ccccceeeeeeeeecnevereeeeeeennn. 23
List of Tables
Table 3-1 Atlas 14 Rainfall DepPthis.........ccooiiiiiiiiiiiiii e 5
Table 3-2 Drainage ATEa SIZES .......c.ueeriuiiiiiiiiiiiiei ittt e e e e es 6
Table 3-3 Hydrologic Loss Parameters............cueeiiiiiiiiiiiiiiiiie ettt 6
Table 3-4 HCFCD Typical Impervious Cover Values............eeeiiiiiiiiiiiiiiiieiiieeeeiiee e 7
Table 3-5 Calculated IMPervious COVET .........covuiiiiiiiiiiiiiiiieeeiite ettt 7
Table 3-6 Calculated Tc and R Values...........cooiiiiiiiiiiiiiiiiiice e 8
Table 3-7 HEC-HMS Peak DiSCharge ..........cooocueiiiiiiiiiiiiiiiiee ettt 8
Table 5-1 Harvey (2017) WSE and Discharge CompariSOons..........ccocueeevueeeniieeniieeennieeenieeenne 15
Table 5-2 Memorial Day (2016) WSE and Discharge Comparisons ...........ccccceeeeereiveeeennenennnn. 15

il



= h alﬁ Spring Creek Watershed Flood Control Dams SJRA:
unm Conceptual Engineering Feasibility Study SAN JACINTO RIVER AUTHORITY

Table 6-1 1% ACE (100-year) Existing Conditions Discharge Comparisons ................ccceuveee.. 17
Table 6-2 1% ACE (100-year) Existing Conditions WSE Comparisons.............ccceeevvereeerunnennn. 17
Table 6-3 Potentially Flooded Structures .........cccceeieiciiiiieiiiiiiieeeiiiee e 18
Table 6-4 Potentially Flooded Structures.........ccuviiiiiiiiiiiiiiiiiiiie ettt 19
Table 7-1 Walnut Creek Detention Basin Parameters .............oeeeeeviiieeriiiieeeeniiiiie e 23
Table 7-2 Walnut Creek FIow DIfference.........c.eeviiiiiiiiiiiiiiiieeiiiiee e 24
Table 7-3 Walnut Creek Water Surface Elevation Difference...........cccocevvieeeviiiiiieniiiieeenen. 24
Table 7-4 Birch Creek Detention Basing Parameters...........cc.eveeeviiieeniiiiieeeniiiee e 25
Table 7-5 Birch Creek FIow DIifference.........ccccuviiiiiiiiiiiiiiiieeee e 25
Table 7-6 Birch Creek Water Surface Elevation Difference.........c.cccooeeviiiiiiiiiiiiiiinciiiiiieeeeeen. 26
Table 7-7 Combined Detention Basins Flow Difference............cccccevvvviiiiiiiiiiiiiiiiiiiiiceeeeen 26
Table 7-8 Combined Detention Basins Water Surface Elevation Difference ............ccccvveeeeeeenn. 26
Table 8-1 Benefited StIUCTUIES ........uuviiiiiieeieieiiiiieee e e e e e ee e e e e e e e s eanaareeeeeeeeeas 27
Table 8-2 Potential Structural Benefits for Historical Storms ...........cccccccviiiiiiieiieiniciiiiiieeeeeenn 28
Table 8-3 Potential Structural Benefits for Hurricane Harvey (2017) by Precinct ...................... 28
Table 8-4 Potential Structural Benefits for Memorial Day (2016) by Precinct............ccccceeeeeennn. 29
Table 8-5 Potential Structural Benefits for Tax Day (2016) by PrecincCt..........cccoovvevvviieeeenennnn. 29
Table 9-1 Project Costs Per Detention Basin AIternative ............ceeeeeeeeeeciiiiiiiieeeeeeeeciiiiieeeee e 30
Table 9-2 USACE Residential Generic Depth-Damage Function.............ccccceveeeeeieiciiiiineeeeenn. 31
Table 9-3 Contents — Economic Percentage Values ...........ccccvviiiiiieiiiiiciiiiiiiieeec e 32
Table 9-4 Residential Displacement Unit COSt .........cceeeeeeieiiiiiiiiiiieeeeeeeiiiieeee e e eeee e 33
Table 9-5 Non-Residential Displacement Unit Cost..........ccccuvvviiiiieeieiiiiiiiiiieee e eeeeiiieeeeee e 34
Table 9-6 Walnut Creek Detention Basin BCA Results ..........c.c.ceeviiiiiiiiiiiiiiiiieeeeeeeiiiieeeee e 34
Table 9-7 Birch Creek Detention Basin BCA Results.........ccccvvvviiiieiiiiccciiiiiiieee e 35
Table 9-8 Birch-Walnut Creek Detention Basins BCA Results..........cccccvvvviiiiieiiiiiccciiiiieeeeeenn 35
Table 11-1 Benefitted SIUCTUIES .......uvviiiieeeieeiiiiiieee e e et e e e e e e e e aeaaraaeeeeeeeas 40
Table 11-2 Final Benefit Cost RAtIO ......ceiiiiiiiiiiiiiiiiie et ee e 40
List of Appendices

D-1. BDF Spreadsheet

v



=== h alﬁ Spring Creek Watershed Flood Control Dams
unm Conceptual Engineering Feasibility Study
Exhibits

- Exhibit 1 Spring Creek Watershed

- Exhibit 2 Spring Creek Watershed Subbasins

- Exhibit 3 Modeling Extents & Layout

- Exhibit 4 Existing Impacted Structures

- Exhibit 5 Benefited Structures Walnut

- Exhibit 6 Proposed Walnut vs Existing 10 yr Comparison

- Exhibit 7 Proposed Walnut vs Existing 100 yr Comparison

- Exhibit 8 Proposed Walnut vs Existing 500 yr Comparison

- Exhibit 9 Benefited Structures Birch

- Exhibit 10 Proposed Birch vs Existing 10 yr Comparison

- Exhibit 11 Proposed Birch vs Existing 100 yr Comparison

- Exhibit 12 Proposed Birch vs Existing 500 yr Comparison

- Exhibit 13 Benefited Structures Combined

- Exhibit 14 Proposed Combined vs Existing 10 yr Comparison
- Exhibit 15 Proposed Combined vs Existing 100 yr Comparison
- Exhibit 16 Proposed Combined vs Existing 500 yr Comparison

SJIRA=

SAN JACINTO RIVER AUTHORITY



= h alﬁ Spring Creek Watershed Flood Control Dams SJRA:
unm Conceptual Engineering Feasibility Study SAN JACINTO RIVER AUTHORITY

1 Introduction and background

A hydrologic and hydraulic analysis provided the basis for sizing the two detention basins on
each of the creeks, identifying the inundation limits upstream of the detention basins, and
determining the downstream benefits. Hydrology was conducted using HEC-HMS version 4.8
and hydraulics using HEC-RAS version 5.0.7. Following the sizing of the structures and
completion of the analysis, benefits were calculated based on the FEMA Benefit Cost Analysis
(BCA) guidelines and tool.

1.1 Scope of work

The scope of work for hydrologic, hydraulic, and benefit cost analysis included the following:

e Development of hydrologic and hydraulic models for the Birch Creek, Walnut Creek, and
Spring Creek watersheds to determine flood storage and hydraulic benefits provided by
the proposed detention basins.

e Simulation of the models for two historical storm events to confirm calibration with
observed conditions.

e Development of a structural database from publicly available information for structures
potentially benefitting from the projects.

¢ (Quantification of benefits from the projects both individually and in combination.

e Determination of the benefit cost ratio for the projects using the FEMA BCA toolkit over
a 50-year period.

1.2 San Jacinto Regional Watershed Master Drainage Plan (SJRWMDP)

The San Jacinto River Regional Watershed Master Drainage Plan (SJRWMDP) was a
comprehensive regional study led by the Harris County Flood Control District (HCFCD),
Montgomery County, City of Houston (City), and the San Jacinto River Authority (SJRA). The
study was completed in December 2020. The study goals were to identify existing flood risk
within the San Jacinto River basin upstream of the Lake Houston dam and evaluate flood risk
reduction alternatives on a regional basis. The study included development of hydrologic and
hydraulic models for the major streams of the upper San Jacinto River watershed including
Spring Creek.

Recommendations from the study for the Spring Creek watershed included two detention
facilities on the Walnut Creek and Birch Creek tributaries. These recommended projects targeted
flood reduction along Spring Creek as well as future mitigation for conveyance improvement
projects in the watershed. The Walnut Creek and Birch Creek detention basin projects are further
explored in the current analysis.

1.2.1 Walnut Creek detention basin

The proposed inline detention basin is located on Walnut Creek, a tributary to Spring Creek,
approximately 0.6 miles north of the FM 1488 crossing and 5.5 miles west of Magnolia, Texas.
The detention basin is in the upper half of the Spring Creek watershed and captures flow from a
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drainage area of approximately 21 square miles. The location of the proposed detention basins is
shown in Figure 1-1.

Detention Basin

Figure 1-1 Walnut Creek Detention Basin Location (from SJRWMDP)

The proposed project includes a dry detention basin that reduces flows within the watershed. The
control structure is a 46-foot-high earth dam with a concrete cap with a primary outfall
consisting of 2 — 4’ x 4’ reinforced concrete boxes and a secondary ogee spillway approximately
200 feet in length. The impoundment requires approximately 0.7 million cubic yards of
embankment. At the 1% ACE (Annual Chance Exceedance) water surface elevation the
detention basin encompasses an area of 1,218 acres and detains over 12,000 acre-feet of storage.

1.2.2 Birch Creek detention basin

The proposed inline detention basin is located on Birch Creek, a tributary to Spring Creek,
approximately 1 mile north of the FM 1488 crossing and 3.5 miles west of Magnolia, Texas. The
detention basin is in the upper half of the Spring Creek watershed and captures flow from a
drainage area of approximately 13 square miles. The location of the proposed detention basins is
shown in Figure 1-2.
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Detention Basin

Figure 1-2 Birch Creek Detention Basin Location (from SJRWMDP)

The proposed project includes a dry detention basin that reduces flow within the watershed. The
control structure is a 35-foot- high earth dam with a concrete cap with a primary outfall
consisting of 2 — 4’ x 3’ reinforced concrete boxes and a secondary ogee spillway approximately
200 feet in length. The impoundment will require approximately 0.46 million cubic yards of
embankment. At the 1% ACE water surface elevation the detention basin encompasses an area of
873 acres and detains over 7,700 acre-feet.
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2 Data collection

Various data sources were acquired, reviewed, and adjusted as part of the hydrologic and
hydraulic analysis. Data types included terrain, gages, historical rainfall, previous studies, and
modeling.

2.1 HCFCD modeling

The Modeling Assessment & Awareness Project (MAAPnext), led by the Harris County Flood
Control District (HCFCD) in partnership with FEMA, involved the development of new
modeling and updated floodplain mapping for Harris County’s 22 major watersheds, including
the Spring Creek watershed. The effort incorporated most current terrain and rainfall data and
utilized new hydrologic and hydraulic modeling methodologies to better depict flood risk in the
region. The feasibility study leveraged the following HCFCD models and supporting
documentation:

e HEC-RAS (v5.0.7) model for the Spring Creek Watershed including simulations for both
the frequency and historical storm events including Hurricane Harvey (2017), Memorial
Day (2016), and Tax Day (2016).

e HEC-HMS (v4.3) model for the Spring Creek Watershed including simulations for both
the frequency and historical storm events

2.2 Terrain

The terrain developed as part of the HCFCD mapping effort was used as the basis for the
analysis. The terrain was developed in 2018 by the Texas Strategic Mapping (StratMap) Program
on the North American Vertical Datum of 1988 (NAVDSS), Geoid 12B (cell size is 3 feet x 3
feet). The terrain also incorporated channel bathymetry for the Spring Creek channel from
Kuykendahl Road to the confluence with the West Fork San Jacinto River developed under
MAAPnext.

2.3 Structural database

A structural database was developed and used for the calculation of damages for the benefit cost
analysis. The database included building footprints, finished floor elevations, square footage, and
building type.

¢ Building footprints were provided by the Texas Water Development Board (TWDB) and
screened to include structures within 1,000 feet of the 500-year floodplain. Structures
smaller than 500 square feet were assumed to be sheds or other non-habitable structures
and were removed from the database.

e Finished floor elevations were tabulated for each structure based on the underlying terrain
elevations. Each structure’s finished floor elevation was estimated to be one foot above
the terrain elevation at the centroid of the structure.

e Square footage was obtained from the residing structure’s county appraisal district
(Waller, Montgomery, or Harris).

¢ Building types were set based on the TWDB information including either residential,
industrial, or commercial.
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3 Hydrology

The HEC-HMS models prepared by the HCFCD were used as the basis to develop runoff
hydrographs for the watershed. These models were updated as needed to incorporate the
proposed projects. Updates included changes to the drainage basins within the vicinity of the
proposed projects as well as parameters associated with the basin changes. HEC-HMS v4.8 was
used for the analysis.

3.1 Rainfall data

Rainfall data for the frequency storm events was obtained from HCFCD Rainfall Depths and
Intensities White Paper for Harris County Hydrologic Region No. 1, which encompasses the
Spring Creek watershed. Table 3-1 below provides the Atlas 14 rainfall depth, duration, and
frequency data used.

Table 3-1 Atlas 14 Rainfall Depths
Duration 10 % AEP' 2 % AEP 1% AEP 0.2 % AEP

Min 0.81 1.07 1.19 1.49
15 Min 1.62 2.13 2.36 2.95
1 Hour 3.07 4.06 4.51 5.87
2 Hour 4.03 5.67 6.49 9.04
3 Hour 4.66 6.84 7.99 11.50
6 Hour 5.79 8.94 10.70 15.90
12 Hour 6.95 11.10 13.40 20.10

1 Day 8.22 13.40 16.30 24.20

! Annual Exceedance Probability

3.2 Hydrology updates

Drainage areas were obtained from the HCFCD model and verified with the topography and land
use. Areas near the proposed project sites were subdivided and adjusted to include additional
detail upstream of the proposed detention basins. Exhibit 2 shows the drainage areas from the
prior study and drainage areas for the updated analysis. The HCFCD drainage area and updated
drainage area sizes are shown in Table 3-2.
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Table 3-2 Drainage Area Sizes

HCFCD Drainage Updated Drainage

Area (a Area (a
Areas ea (ac) Areas ea (ac)
J501 06 1,118.23
J501 06 1,888.95 -
- J501 06 02 770.72
J503 04 01 888.95
J503 04 2,041.67 -~
- 3503 04 02 1,152.72
J503 05 01 894.15
J503 05 2,216.47 J503 05 02 489.72
J503 05 03 847.44

The hydrologic losses, impervious cover, and transform methodology were updated for the
subdivided drainage areas. The methods from the HCFCD study were used to determine these

parameters.

3.2.1 Hydrologic losses

Rainfall losses were calculated using the Green & Ampt method for all drainage areas. The
Green & Ampt methodology requires suction and hydraulic conductivity values, which are based
on soil type. The Canopy Loss Method was used in conjunction with Green and Ampt to account
for losses due to vegetation. The values used in the HEC-HMS model are based on the HCFCD
study and presented below in Table 3-3.

Table 3-3 Hydrologic Loss Parameters

2 2
>

2 Z s B Z = £
< = = (=} ~ o =) o
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S 2 EE 2E £33 £S5 &S 32 83
Ewn T B OS2 22 00 E£0 «»noO 7 o=
Sand

y B 0.0 0.5 1.0 0059 046 2286  0.181
Loam

3.2.2 Impervious cover

Impervious cover values were assigned based on the underlying land use type and the values
from the HCFCD study as presented in Table 3-4.
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Table 3-4 HCFCD Typical Impervious Cover Values

SJIRA=

SAN JACINTO RIVER AUTHORITY

Land Use

Undeveloped
Residential — Rural Lots

Residential — Large Lots

Residential — Small Lots
School
Developed Green Areas

Light
Industrial/Commercial

High Density
Isolated Transportation
Water

Description

Unimproved, natural, or agricultural
> S-acre ranch or farm

> 1/2 acre new residential with storm sewers or roadside
ditches with adequate capacity, OR > 1/4 acre older
neighborhoods with limited capacity roadside ditches

<1/4 acre
School with non-paved areas
Parks or golf courses

Office, parks, nurseries, airports, warechouses, or
manufacturing with non-paved areas

Commercial, business, industrial, or apartments
Highway or major thoroughfare corridors

Detention basins, lake, and channels

Percent
Impervious
0%

5%

25%

40%
40%
15%
65%

85%
80%
100%

Impervious cover values were recalculated for the subdivided drainage areas using the same
GIS-based impervious cover layer developed in the HCFCD study. Table 3-5 shows the original
and recalculated impervious cover values for the updated drainage areas.

Table 3-5 Calculated Impervious Cover

Original
Subbasins

7501 06

1503_04

7503 05

Original Updated
Impervious Subbasins

J501 06

6.35% =

J501 06 02
J503 04 01

4.85% ==
J503 04 02
J503 05 01
10.75% J503_05 02
J503 05 03

Updated
Impervious
2.58%
11.82%
7.66%
2.68%
14.59%
4.83%
10.50%

3.2.3 Transform method

The Clark Unit Hydrograph Method was used for the hydrograph transform method and uses
both a time of concentration factor (Tc) and a storage coefficient (R). The Tc and R values for
the updated drainage areas were computed from the Basin Development Factor (BDF) method
in the HCFCD study. Table 3-6 shows the original and recalculated Tc and R values for the

updated drainage areas.



= h alﬁ Spring Creek Watershed Flood Control Dams SJRA:
unm Conceptual Engineering Feasibility Study SAN JACINTO RIVER AUTHORITY

Table 3-6 Calculated Tc and R Values
Updated Updated

Original Original

. riginal R . ated R
Subbasins TC Orig Subbasins TC Updated
J501 06 1.52 4.16
J501 06 2.03 5.40 -
- J501 06 02 1.18 3.20
J503 04 01 1.14 3.10
J503 04 1.82 4.85 - -
- J503 04 02 1.45 3.96
J503 05 01 1.02 2.79
J503 05 2.14 5.68 J503 05 02 1.07 3.02
J503 05 03 1.28 3.53

3.3 HEC-HMS results

The HEC-HMS model was simulated for the frequency and historical storm events to develop
the peak flows and hydrographs for the updated drainage areas. The results for the original and
updated peak discharges for the 10% ACE, 2% ACE, 1% ACE, and 0.2% ACE events are shown
in Table 3-7. The peak discharges remained unchanged for drainage areas that were not
subdivided.

Table 3-7 HEC-HMS Peak Discharge

Original Peak Discharge (cfs) Updated Peak Discharge (cfs)

Subbasins 190, 20, 19, 0.2% Subbasins j90, 200 1o,  0.2%

J501 06 792 1,292 1,568 2,388

J501 06 02 688 1,090 1,303 1,942

J503 04 01 802 1,274 1,525 2,271

J503 04 02 849 1,382 1,670 2,540

J503_05 01 897 1,395 1,655 2,439

J503 05 1,266 2,092 2,550 3,933 J503 05 02 450 710 850 1,267
J503 05 03 298 494 601 1,088

J501 06 1,092 1,816 2,222 3,433

J503 04 1,305 2,136 2,598 3,984
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4 Existing hydraulic model

The HEC-RAS models prepared by the HCFCD were used as a basis for the hydraulic analysis
and updated as needed to reflect changes in the topography and land use as well as re-configured
for the analysis of the two projects.

4.1 HCFCD model

The HCFCD HEC-RAS model consisted of a 1D/2D model of the entire watershed. The Spring
Creek main stem was modeled with 1D cross sections for flows within the main channel and 2D
zones for the floodplain. Northern tributaries in the model included Panther Branch, Mill Creek,
Walnut Creek, Birch Creek, and Threemile Creek all of which were modeled using 1D cross
sections. Southern tributaries included several HCFCD channels noted as J109, M101, J121,
J131, J157, J158, J231 which were modeled using combined 1D/2D sections. The layout of the
1D/2D hydraulic model for the Spring Creek watershed is shown in Figure 4-1.

Figure 4-1 1D/2D Spring Creek Hydraulic Model Layout

4.2 Model adjustments

Since the HEC-RAS model was recently developed and calibrated, updates to the model were
focused on Birch Creek and Walnut Creek to both accurately assess the existing conditions of the
creeks as well as prepare for modeling the proposed projects. The layout of the revised 1D/2D
hydraulic model for the Spring Creek watershed is shown in Exhibit 3.

4.2.1 2D area

The HCFCD HEC-RAS model consisted of 1D cross sections along Walnut Creek that extended
into Birch Creek upstream of FM 1488. The cross sections upstream of FM 1488 were removed
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and replaced with a 2D area that covered the upstream portion of Walnut Creek and Birch Creek.
A 2D area was used instead of 1D cross sections so that the alignment of the projects could be
relocated as necessary and to best account for the footprint of the proposed projects. The 2D area
boundary, shown in Figure 4-2, was delineated based on the upstream drainage area boundaries
for Birch Creek and Walnut Creek.

Project
Locations

/
QO

Figure 4-2 Walnut and Birch Creek 2D Area

4.2.2 Internal boundary conditions

The hydrographs for the drainage areas within the 2D area were added as internal boundary
conditions. On the upstream end of the 2D area the boundary conditions were placed
perpendicularly to the stream to simulate the upstream cross section of the stream. The boundary
conditions for the drainage areas along the stream were placed following the stream centerline.
The internal boundary conditions within the 2D area are shown in Figure 4-3.

10
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Figure 4-3 2D Area Internal Boundary Conditions

4.2.3 Breaklines

Breaklines were added to outline the centerlines of streams located within the 2D area. The
breaklines oriented the cell alignments to best match the flow patterns for each creek. Figure 4-4
shows the breaklines that were added to the 2D area.

Figure 4-4 2D Area Breaklines

11
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4.2.4 Cross sections adjustments

Cross sections along Walnut Creek downstream of FM 1488 were extended to contain the entire
0.2% ACE extents. Cross section elevations were obtained from the terrain data and roughness
values corresponded to the existing land use values used within the HCFCD study. The adjusted
cross sections are shown in Figure 4-5 below.

Figure 4-5 Walnut Creek Adjusted Cross Sections

Cross sections were also added along Walnut Creek from FM 1488 to the confluence with Birch
Creek. The cross sections along Birch Creek Upstream of FM 1488 were removed and replaced
with a 2D area. Cross section elevations were obtained from the terrain data and roughness
values corresponded to the existing land use values used within the previous study. The cross
sections that were added and adjusted on Walnut Creek are shown in Figure 4-6.

12
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FM 1488
Structure

Figure 4-6 Walnut Creek Additional Cross Sections

4.2.5 Additional structure

The HCFCD HEC-RAS model included the FM 1488 crossing on Birch Creek, but not along
Walnut Creek. The FM 1488 crossing along Walnut Creek was included from field survey
provided by Waller County. Figure 4-7 shows the additional crossing location on FM 1488.

Figure 4-7 Walnut Creek Additional Structure

4.2.6 1D/2D connections

At the downstream end of the 2D area, two 2D connections were placed along Walnut Creek and
Birch Creek. The 2D connections connected the 2D area and storage areas located on the
upstream end of Walnut Creek and Birch Creek. This allowed for flow to go from the 2D area to

13
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the 1D sections of Walnut and Birch Creek. The two 2D connections and storage areas are
shown in Figure 4-8.

Figure 4-8 1D/2D Connections on Walnut and Birch Creek

14
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5 Calibration

The existing conditions model was simulated for two historical storm events that were previously
calibrated in the HCFCD study, and results were compared to ensure the model would provide
reasonable results when compared to observed conditions. Table 5-1 below shows the Harvey
(2017) observed water surface elevations, as well as discharge and water surface elevations for
the HCFCD model and the revised existing conditions model.

Table 5-1 Harvey (2017) WSE and Discharge Comparisons

SH 249 FM2978 Kuykendahl 1-45
HCFCD Discharge 55,315 80,021 80,522 97,444
Revised Discharge 53,774 75,857 76,638 95,019
HCFCD WSEL 165.61 154.19 141.00 111.19
Revised WSEL 165.37 153.76 140.79 111.81
Observed WSEL 165.08 153.74 140.62 111.40

Table 5-2 below shows the Memorial Day (2016) observed water surface elevations, as well as

discharge and water surface elevations for the HCFCD model and the revised existing conditions
model.

Table 5-2 Memorial Day (2016) WSE and Discharge Comparisons

SH 249 FM2978 Kuykendahl 1-45

HCFCD Discharge 45,954 65,310 63,959 67,631
Revised Discharge 46,839 63,941 62,511 66,918
HCFCD WSEL 164.68 152.96 138.39 108.14
Revised WSEL 164.12 152.37 138.61 108.61
Observed WSEL 164.66 152.90 139.19 108.25

The revised existing conditions model has similar results to the previous HCFCD calibration as
well as the observed conditions. These results showed that with the changes to the model, it
remained calibrated and appropriate for the benefit analysis.

15
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6 Existing conditions results

The calibrated models were simulated for the 10% ACE, 2% ACE, 1% ACE, and 0.2% ACE
events to determine discharges and water surface elevations throughout the watershed.

6.1 Spring Creek watershed summary

The Spring Creek watershed has over 392 square miles of drainage area that consists of flows
from Grimes, Waller, Montgomery, and Harris Counties. Most of the runoff reaches the creek
through the four major northern tributaries: Threemile Creek, Walnut Creek, Mill Creek, and
Panther Branch. Peak flows for the 1% ACE in Spring Creek are over 70,000 cfs at the
confluence with the West Fork, making it one of the higher flow watersheds within the San
Jacinto River basin. Figure 6-1 shows how the flows combine throughout the watershed and the
1% ACE peak discharges at key locations in the creek.
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Figure 6-1 1% ACE (100-year) Flows Throughout Spring Creek
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6.2 Discharge comparisons

Discharges for the 1% ACE event were compared between the effective FEMA model, HCFCD
model, and the revised model used for the study to identify major changes. In general, the
revised model discharges are higher than the effective FEMA model due to the application of
Atlas 14 rainfall in the watershed but match well with the HCFCD discharges. The increases in
discharges from the effective modeling indicate that flood risk may be higher than those shown
on current FEMA maps (which are based on pre-Atlas 14 rainfall values).

Table 6-1 1% ACE (100-year) Existing Conditions Discharge Comparisons

On Walnut

SH . West Fork
Walnut Creek Kuykendahl Gosling 1-45
249 Confluence
Creek Confluence
LBzt ] 44311 44311 54,138 49790  57.889 76,749
Discharge
HCFCD 5 646 53,004 49,458 60,143 56,818 63757 70,074
Discharge
S 18,334 48,330 46,808 58,220 56,087 60,814 69,337
Discharge

6.3 Water surface elevation comparisons

Water surface elevations for the 1% ACE event were compared between the effective FEMA
model, HCFCD model and the revised model used for the study to identify major changes. In
general, the revised model elevations are higher than the effective FEMA model due to the
application of Atlas 14 rainfall in the watershed. The increases in elevation show that the
watershed has more potential for flood risk than that shown on current FEMA maps (which are
based on pre-Atlas 14 rainfall values).

Table 6-2 1% ACE (100-year) Existing Conditions WSE Comparisons

On Walnut
SH . West Fork
Walnut Creek Kuykendahl Gosling 1-45
249 Confluence
Creek Confluence
Le isite - 168.75 161.87 136.99 126.00  107.24 67.10
WSEL . . : ) ) }
HCFCD
WSEL 187.54 170.46 164.53 138.76 127.81 111.26 71.42
Revised
WSEL 186.95 170.06 164.09 138.44 127.52 111.07 71.29

6.4 Structure flooding summary

The resulting water surface elevations from the revised model were compared to assumed
building finished floor elevations to identify the number of structures potentially flooded in each
storm event. Spring Creek has a wide and deep floodplain and in general does not experience

17
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significant structural flooding until it reaches the 2% ACE event. This indicates that structural
flooding is infrequent; however, when large storm events occur, there is the potential for
widespread damages.

Exhibit 4 shows the structures that are potentially flooded for the 10% ACE, 2% ACE, 1% ACE,
and 0.2% ACE events. The number of potentially flooded structures in Spring Creek for the 10%
ACE, 2% ACE, 1% ACE, and 0.2% ACE events are in Table 6-3.

Table 6-3 Potentially Flooded Structures

Event Potentially Flooded Structures
10% ACE 42

2% ACE 292

1% ACE 848
0.2% ACE 9,603

While damages occur throughout the floodplain of Spring Creek, concentrations of flood
damages tend to occur in the following areas:

e Walnut Creek — There are nearly a hundred structures within the Walnut Creek floodplain
that are most single-family residential housing in rural subdivisions. Most structures are
older homes likely built prior to floodplain regulations and are subject to frequent
flooding due to the creek.

e SH 249 — In this location there are low lying older neighborhoods that are susceptible to
flooding in the 50-year event, as well as a large amount of commercial and industrial
facilities that are inundated in the larger events. Most structures here reside in
Montgomery County.

e FM 2978 — There are multiple residential structures and commercial/industrial facilities
in Montgomery County that are susceptible to flooding in the larger events. This includes
communities on Dobbin-Huffsmith Road and sections of the Northgrove neighborhood.

e Kuykendahl road — This area is mostly residential structures in Harris County that are
susceptible to flooding in the 500-year event including the Creekside and Timmarron
Lakes neighborhoods of The Woodlands.

e Between Gosling Rd and I-45 — There are multiple residential structures and a few
commercial/industrial sites in Montgomery County that are susceptible to flooding in the
larger events. Notable neighborhoods include Grogan’s Point, Timber Lakes, and the
commercial districts near Rayford Road.

e Grand Parkway — There are many residential structures around Grand Parkway in
Montgomery County that are susceptible to flooding in the 500-year event including the
Forest Village, Spring Trails, Fox Run, and Benders Landing neighborhoods.

18
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The number of potentially flooded structures in Spring Creek for the 10% ACE, 2% ACE, 1%
ACE, and 0.2% ACE events for each county are in Table 6-4.

Table 6-4 Potentially Flooded Structures

Event Waller Montgomery Harris
10% ACE 4 30 8
2% ACE 17 251 24
1% ACE 32 743 73

0.2% ACE 60 7,575 1,968

19
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7 Proposed projects

As recommended in the San Jacinto Regional Watershed Master Drainage Plan, two projects are
proposed within the Walnut Creek watershed to provide flood mitigation along Spring Creek.
One project is proposed on Walnut Creek upstream of FM 1488. The second project is proposed
along the Birch Creek tributary also upstream of FM 1488.

7.1 Modeling approach

The proposed projects are located within the 2D area on the upstream end of Walnut Creek. The
detention basins were modeled by adding 2D connections along the proposed project alignments.
The 2D connections are shown in Figure 7-1.

Birch Creek
Dam

Walnut Creek

Dam

Figure 7-1 2D Connections Modeling Proposed Detention Basins

The 2D connections were modeled as ogee weirs and the weir elevations matched the top of dam
and spillway elevations. The project outlets were modeled as large culvert openings at the
flowline of the streams. A cross section view of the 2D connections for the proposed Walnut and
Birch Creek projects are shown in Figure 7-2 and Figure 7-3.
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Figure 7-2 Walnut Dam Cross Section View of Dam 2D Connection
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Figure 7-3 Birch Dam Cross Section View of Dam 2D Connection
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7.2 Optimization

The detention basin elevations and footprints as presented in the SIRWMDP were initially
simulated within the revised models to identify the design and benefits of the features. The
models showed that the project areas were not completely full during large events and the size of
the detention footprint could be reduced while providing similar benefits.

An optimization analysis was performed to determine the optimal volume within both the Birch
and Walnut Creek detention basins that would minimize cost while still providing benefits along
Spring Creek. Several different volume iterations for each dam were simulated and resulting
water surface elevations compared at Kuykendahl Road. The Birch Creek comparisons are
shown in Figure 7-4.

o Birch Creek WSEL reduction at Kuykendhal

Optimal
Volume

0.6

0.5
0.4
0.3
0.2

0.1
3000 3500 4000 4500 5000 5500 6000 6500 7000 7500

Volume (ac-ft)

Water Surface ELevation (ft)

Figure 7-4 Birch Creek Volume Vs WSE Reduction Comparison

The optimization for Birch Creek showed that a detention volume of approximately 4,700 acre-
feet would provide an optimized solution where the water surface elevation reductions are
maximized while the volume is minimized. This volume became the new target volume for the
project area behind the dam.

The Walnut Creek comparisons are shown in Figure 7-5. The optimization for Walnut Creek
showed that a detention volume of approximately 6,600 acre-feet would provide an optimized
solution where the water surface elevation reductions are maximized while the volume is
minimized. This volume became the new target volume for the project area behind the dam.
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Walnut Creek WSEL reduction at Kuykendhal
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Figure 7-5 Walnut Creek Volume Vs WSE Reduction Comparison
7.3 Walnut Creek detention basin

7.3.1 Description

The detention basin will be a dry detention basin that passes low flows and everyday rain events
to match existing conditions and detains water during larger storm events. Table 7-1 shows a
variety of parameters detailing the size of the detention basin.

Table 7-1 Walnut Creek Detention Basin Parameters

Dam Design Configuration

Spillway Elevation 254.7 ft
Spillway Length 175 ft
Top of Dam 263.6 ft
Max Dam Height 39.1 ft
1% ACE Inundation Area 940 ac
1% ACE Storage Capacity 7,300 ac-ft
Opening Size 6’x 17’ RCB

7.3.2  Hydraulic results

The proposed Walnut Creek detention basin reduces the flow and water surface elevations
throughout Spring Creek. Table 7-2 and Table 7-3 show the reduction in flow and water surface
elevations between the proposed conditions and revised existing conditions for the 10% ACE,
2% ACE, 1% ACE, and 0.2% ACE events, respectively.

23



= h alﬁ Spring Creek Watershed Flood Control Dams SJRA:
unm Conceptual Engineering Feasibility Study SAN JACINTO RIVER AUTHORITY

Table 7-2 Walnut Creek Flow Difference

Flow Difference (cfs)
On Walnut SH 249  Kuykendahl Gosling 145  West Fork
Walnut Creek Confluence
Creek  Confluence
10% ACE -1,452 -334 -773 -450 -431 -223 0
2% ACE -4,047 -903 -2,837 -1,954 -1,690 -1,582 -1,200
1% ACE -6,381 -1,214 -3,397 -2,724 -3,409 -3,319 -1,296
0.2% ACE -9,874 -1,956 -2,719 -1,982 -2,201 -1,324 -708

Table 7-3 Walnut Creek Water Surface Elevation Difference

Water Surface Elevation Difference (ft)

On Walnut SH 249 Kuykendahl Gosling [-45 West Fork
Walnut Creek Confluence
Creek Confluence
10% ACE -1.15 -0.30 -0.29 -0.14 -0.12 -0.08 0.00
2% ACE -2.1 -0.59 -0.58 -0.41 -0.37 -0.34 -0.25
1% ACE -2.8 -0.75 -0.77 -0.54 -0.50 -0.38 -0.22
0.2% ACE -3.03 -0.78 -0.71 -0.56 -0.41 -0.09 -0.15
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7.4 Birch Creek detention basin

7.4.1 Description

The detention basin will be a dry detention basin that passes low flows and everyday rain events
to match existing conditions and detains water during larger storm events. Table 7-4 shows a
variety of parameters detailing the size of the dam.

Table 7-4 Birch Creek Detention Basins Parameters

Dam Design Configuration

Spillway Elevation 251.2 ft
Spillway Length 175 ft
Top of Dam 259.1 ft
Max Dam Height 35.4 ft
1% ACE Inundation Area 690 ac
1% ACE Storage Capacity 4,800 ac-ft
Opening Size 6’ x 16 RCB

7.4.2 Hydraulic results

The proposed Birch Creek detention basin reduces the flow and water surface elevations
throughout Spring Creek. Table 7-5 and Table 7-6 show the reduction in flow and water surface
elevations between the proposed conditions and revised existing conditions for the 10% ACE,
2% ACE, 1% ACE, and 0.2% ACE events, respectively.

Table 7-5 Birch Creek Flow Difference

Flow Difference (cfs)

On Walnut SH 249 Kuykendahl Gosling 1-45  West Fork
Walnut Creek Confluence
Creek Confluence
10% ACE -979 =272 -678 -449 -417 -294 -1
2% ACE -2,587 -639 -1,860 -1,230 -1,012 -850 -556
1% ACE -4,399 -868 -2,349 -1,901 -1,988 -2,562 -811
0.2% ACE -6,235 -1,384 -1,896 -1,263 -1,438 -826 -428
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Table 7-6 Birch Creek Water Surface Elevation Difference

Water Surface Elevation Difference (ft)

On Walnut SH 249 Kuykendahl Gosling 145  West Fork
Walnut Creek Confluence
Creek Confluence
10% ACE -0.79 -0.26 -0.26 -0.14 -0.12 -0.11 0.00
2% ACE -1.36 -0.40 -0.38 -0.25 -0.22 -0.18 -0.11
1% ACE -1.99 -0.52 -0.54 -0.36 -0.33 -0.23 -0.14
0.2% ACE -1.87 -0.54 -0.49 -0.37 -0.26 -0.06 -0.09

7.5 Combined detention basin hydraulic results

The proposed Birch Creek and Walnut Creek detention basins together reduce the flow and water
surface elevations throughout Spring Creek. Table 7-7 and Table 7-8 show the reduction in flow
and water surface elevations between the proposed conditions and revised existing conditions for
the 10% ACE, 2% ACE, 1% ACE, and 0.2% ACE events, respectively.

Table 7-7 Combined Detention Basins Flow Difference

Flow Difference (cfs)
On Walnut SH 249 Kuykendahl Gosling 1-45  West Fork
Walnut Creek Confluence
Creek Confluence
10% ACE -2,309 -597 -1,467 -888 -821 -489 0
2% ACE -7,601 -1,514 -4,699 -3,189 -2,726 -2,379 -1,775
1% ACE -10,626 -1,917 -5,441 -4,614 -5,137 -4,689 -2,134
0.2% ACE -17,676 -3,190 -4,596 -3,442 -3,792 -2,683 -1,191

Table 7-8 Combined Detention Basins Water Surface Elevation Difference

Water Surface Elevation Difference (ft)

On Walnut SH 249 Kuykendahl Gosling [-45  West Fork
Walnut Creek Confluence
Creek Confluence
10% ACE -1.96 -0.57 -0.56 -0.29 -0.25 -0.18 0.00
2% ACE -2.90 -1.00 -1.00 -0.68 -0.61 -0.53 -0.37
1% ACE -3.64 -1.18 -1.20 -0.88 -0.82 -0.67 -0.36
0.2% ACE -4.47 -1.31 -1.20 -0.93 -0.70 -0.15 -0.26
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8 Structure benefit analysis

Using the structure database as well as the hydraulic model results, an analysis of benefits was
conducted to determine the number and frequency of structures that would benefit from the
detention basins. The detention basins were evaluated both independently and in a combined
scenario to understand the benefits for both the frequency storms as well as the historical storm
events.

8.1 Frequency storms

The proposed Birch Creek and Walnut Creek detention basins reduce the number of structures
impacted throughout Spring Creek for each of the modeled frequency events. Table 8-1 show the
benefited structures for the 10% ACE, 2% ACE, 1% ACE, and 0.2% ACE events with the Birch
Creek detention basin, Walnut Creek detention basin, and combined detention basin scenarios.

Table 8-1 Benefited Structures

Birch Walnut Birch + Walnut
Reduced! Removed® Reduced! Removed®> Reduced! Removed?
10% ACE 37 2 36 5 30 11
2% ACE 252 48 230 70 199 101
1% ACE 802 160 738 225 629 335
0.2% ACE 9,207 303 9,032 484 8,762 795

I'Structures that are still in the inundation area but the depth of flooding at the structure was reduced

2 Structures that would no longer flood
The results show the detention basins have widespread benefit in reducing water surface
elevations for all storm events due to the large detention volume provided. Over 9,000 structures
show some type of benefit from each detention basin, including several hundred showing
removal from the 1% ACE floodplain.
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8.2 Historical storms

The proposed Birch Creek and Walnut Creek facilities were modeled with historical rainfall to
determine the potential structural benefit if the facilities had been in operation prior to the events.
Table 8-2 show the potential benefited structures for Hurricane Harvey (2017), Memorial Day
(2016), and Tax Day (2016) with the Birch Creek detention basin, Walnut Creek detention basin,
and combined detention basin scenarios.

Table 8-2 Potential Structural Benefits for Historical Storms

Birch Walnut Birch + Walnut
Reduced! Removed’> Reduced! Removed®> Reduced! Removed?
Harvey 3,749 254 5,081 321 5,351 542
Memorial Day 1,230 160 1,234 233 1,237 359
Tax Day 241 14 235 13 286 93

I'Structures that are still in the inundation area but the depth of flooding at the structure was reduced
2 Structures that would no longer flood

Table 8-3 shows the potential benefited structures for Hurricane Harvey (2017) within each
county precinct.

Table 8-3 Potential Structural Benefits for Hurricane Harvey (2017) by Precinct

Birch Walnut Birch + Walnut

Reduced! Removed®> Reduced! Removed®> Reduced! Removed®

Harris County

e o 662 45 701 53 701 90
Harris County
Precinct 4 i 1 1 2 1 2
Montgomery County 423 45 423 50 432 74
Precinct 2
ey ey 2,631 154 3,924 203 4,185 358
Precinct 3
Waller County 2 9 2 13 22 18
Precinct 2

!'Structures that are still in the inundation area but the depth of flooding at the structure was reduced
2 Structures that would no longer flood

Table 8-4 show the potential benefited structures for Memorial Day (2016) within each county
precinct.
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Table 8-4 Potential Structural Benefits for Memorial Day (2016) by Precinct

SAN JACINTO RIVER AUTHORITY

Birch Walnut Birch + Walnut
Reduced! Removed®> Reduced! Removed®> Reduced! Removed®

Harris County

Precinct 3 120 19 120 > 120 »
Harris County
Precinct 4 8 0 8 : ’ l
Montgomery County 361 41 361 64 361 95
Precinct 2
Montgomgry County 712 85 716 126 719 206
Precinct 3
Waller County 29 15 29 19 29 24
Precinct 2

I'Structures that are still in the inundation area but the depth of flooding at the structure was reduced
2 Structures that would no longer flood

Table 8-5 show the potential benefited structures for Tax Day (2016) within each county
precinct.

Table 8-5 Potential Structural Benefits for Tax Day (2016) by Precinct

Birch Walnut Birch + Walnut
Reduced! Removed®> Reduced' Removed®> Reduced! Removed®

Harris County

Precinct 3 18 6 I8 ¢ a !
Harris County
Precinct 4 3 0 . 0 ’ ?
Montgomery County 126 0 123 0 151 47
Precinct 2
Montgomery County 85 8 ’4 7 97 26
Precinct 3
Waller County 9 0 7 0 15 11
Precinct 2

!'Structures that are still in the inundation area but the depth of flooding at the structure was reduced
2 Structures that would no longer flood
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9 Benefit cost analysis

For each of the evaluated detention basin alternatives described in Section 7, benefit-cost
analyses (BCA) were performed to evaluate flood damage benefits for structures within the
watershed of Spring Creek. The analyses utilized the FEMA BCA Toolkit version 6.0 to evaluate
cost-effectiveness, adhering to accepted FEMA Benefit Cost Analysis practices. Base data was
gathered and analyzed based on the methodologies described in Section 2.2.

9.1 Methodology

Information from the hydraulic models including water surface elevations for both existing
conditions and each of the proposed detention basin alternatives were extracted to perform the
analysis. In addition, base data such as residential and non-residential building footprints,
building type and use, location, terrain, and building square footage were used within the
analysis.

9.1.1 Period of analysis

The period of analysis was based on 50 years, which is the typical benefit period for dam
projects which are in service for several decades. The costs over the 50-year period account for
estimated environmental mitigation, property acquisition, and capital costs. Project cost for the
individual as well as combined detention basins are summarized in Table 9-1.

Table 9-1 Project Costs Per Detention Basin Alternative

Project Cost
Birch Creek $105 M
Walnut Creek $193 M
Combined $298 M

9.1.2 Interest rates and price levels

All economic damages, benefits, and costs for drainage improvement projects use base fiscal
year (FY) 2024. Future damages, benefits, and costs use the FEMA-default discount rate of
3.1 percent over the 50-year period of analysis.

9.1.3 Affected structures

Following the completed analysis of the existing condition results, the structures showing
inundation based on the estimated finished floor elevations and the modeled inundation areas
were inventoried into affected structures. This inventory captured all residential and non-
residential buildings within 1,000 feet of the Spring Creek 0.2% ACE floodplain. Structures
under 500 square feet were removed from this analysis. The finished floor elevations were
determined by the elevation of the Lidar data at the centroid of the structure with an additional
1 foot. Affected structures were assigned flood depths for each of the modeled frequency events
under existing conditions and each of the proposed alternatives.
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9.1.4 Depth-damage functions

Depth-damage functions (DDF) are used to link the hydraulic data inputs, structure value,
content value, and flood elevations to determine the monetary value of flood damages. These
functions identify the percentage of the total damage value that correspond to the severity of
flooding. Functions for damages to residential property structures and contents were obtained
from the USACE EGM 04-01. Functions for non-residential properties are specific to building
type and use; therefore, this study used the FEMA toolkit’s default DDF by building type. Table
9-2 presents the Generic USACE depth-damage functions used for all residential structures in
this study.

Table 9-2 USACE Residential Generic Depth-Damage Function

Flood One Story, No basement Two or More Stories, No basement
Depth Mean of Damages Mean of Damages
(ft.) Structure Contents Structure Contents

-2 0% 0% 0% 0%

-1 2.5% 2.4% 3.0% 1.0%
0 13.4% 8.1% 9.3% 5.0%
1 23.3% 13.3% 15.2% 8.7%
2 32.1% 17.9% 20.9% 12.2%
3 40.1% 22.0% 26.3% 15.5%
4 47.1% 25.7% 31.4% 18.5%
5 53.2% 28.8% 36.2% 21.3%
6 58.6% 31.5% 40.7% 23.9%
7 63.2% 33.8% 44.9% 26.3%
8 67.2% 35.7% 48.8% 28.4%
9 70.5% 37.2% 52.4% 30.3%
10 73.2% 38.4% 55.7% 32.0%
11 75.4% 39.2% 58.7% 33.4%
12 77.2% 39.7% 61.4% 34.7%
13 78.5% 40.0% 63.8% 35.6%
14 79.5% 40.0% 65.9% 36.4%
15 80.2% 40.0% 67.7% 36.9%
16 80.7% 40.0% 69.2% 37.2%

9.1.5 Building size

The building size is defined as the entire finished and livable space with disregard to unfinished

basements, porches, attached garages, and other outside areas. For non-residential structures, the
building size is equivalent to the first-floor area as it is assumed that only the first-floor area will
sustain damages to the building and contents in a flood event. The first-floor area is a parameter

to avoid inputting the full building square footage for a multi-story building.

The building sizes are sourced from the County Appraisal District databases for Harris,
Montgomery, and Waller Counties.
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9.1.6 Building replacement value and costs

The Building Replacement Value (BRV) is defined as the cost per square foot to replace an
affected structure with a functionally equivalent building. This value is not the equivalent of the
current market or assessed value of the structure. The BRV considers only the current cost of
labor and the replacement materials. The FEMA default BRV of $100 per square foot was used
in this analysis.

The total building replacement cost is found from the product of the BRV and the building size.
The building replacement cost and the structure data are applied to a DDF as shown in Table 9-2
to calculate the expected annual losses (damages) in relation to the water surface elevations
(depth) modeled at a given structure.

9.1.7 Content value

Content values for all residential and non-residential structures were calculated using the FEMA
default method as a percentage of the BRV.

e For residential structures, the default method considers the contents to be equivalent to
100% of the building replacement costs mentioned in the BRV section. This total content
value, which does not include permanent utilities such as plumbing and electrical
systems, is applied to the contents section of a DDF as shown in Table 9-2.

e For non-residential structures, the content values are determined by the product of the
first-floor area, the BRV, and an economic percentage value multiplier based on the
building type and use. It was undetermined if the buildings were pre-engineered;
therefore, all non-residential buildings were considered engineered buildings for a
conservative approach. Table 9-3 displays the FEMA BCA Toolkit’s default economic
values by non-residential building type and use.

Table 9-3 Contents — Economic Percentage Values

Value Multiplier Value Multiplier
Building Use ) . ) .
(Engineered Building) (Pre-engineered Building)

Apartment 10% 12%
Clothing, Retail 29% 36%
Industrial Light 38% 47%
Office One-Story 12% 14%
Service Station 66% 83%
Warehouse, Non-Refrigerated 36% 43%

9.1.8 Additional benefits

A major component in determining benefits for flood mitigation projects is based on the effects
of depth reduction and evaluated monetary damages, described in the previous sections.
Additional benefits may be incorporated into the overall benefits including the effects the project

may have on services and residents.

32



= h alﬁ Spring Creek Watershed Flood Control Dams SJRA:
unm Conceptual Engineering Feasibility Study SAN JACINTO RIVER AUTHORITY

Displacement

An additional part of the standard benefits calculation includes the residential and non-residential
displacement costs after a flood event. Residential displacement losses represent the cost to
residents caused by being out of their home after a storm event causes damage to the structure.
The cost of residential displacement was calculated using the method and the recommended
values in the FEMA BCA Toolkit. These costs account for temporary lodging for each displaced
household and increased meal costs associated with eating out of the home for each displaced
resident. The unit costs are sourced from the U.S. General Services Administration’s (GSA) “FY
2025 per diem rates for Texas.”"

Expected annual benefits depend on the number of displaced residents per the depth of flooding
at the structures. The total benefits associated with the avoidance of residential displacement
costs are summarized in Table 9-4. The meal cost per person on a daily basis is found by the
difference of the U.S. GSA’s unit costs of meals per day per capita and the daily meal cost of
eating at home per person.

For this study, the population per household was not accounted for from the appraisal districts.
The U.S. Census Bureau’s “QuickFacts for Texas” states the average persons per households is
2.7, therefore, the number of residents per structure was rounded to 3 persons per household for
the BCA input requirement.’

Table 9-4 Residential Displacement Unit Cost

Meals per Day Cost of Eating Meal Cost per Hotel per Day per
County er Cabita at Home per Person per Da Family, up to 5
P P Day P y People
Waller
$68 $10 $58 $110
(standard rate)
Harris and
$80 $10 $70 $128
Montgomery

Nonresidential displacement losses represent the rental costs and one-time costs that an owner
would experience for loss of function. Rental costs consider that the non-residential structure will
rent the same amount of space required for the damaged building use. One-time costs consider
the costs required to transport relevant items to the alternate rental locations and other pertinent
costs due to displacement.

The rental costs and the one-time costs are determined by the building type and building use, and
the FEMA default values are summarized in Table 9-5

1'U.S. General Services Administration FY 2025 per diem rates for Texas
2 U.S. Census Bureau QuickFacts Texas Table
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Table 9-5 Non-Residential Displacement Unit Cost

Rental Cost per One-time Cost

Label Occupancy Class sq.ft. per day per sq.ft.
COM3 Personal and Repair Services $1.83 $1.28
CcoM4 Professional/Technical/Business $1.83 $1.28
IND2 Light $0.37 $1.28
AGR1 Agriculture $0.91 $0.91
GOV1 General Services $1.37 $1.28

Social benefits

Flooding can be a mental stress and added anxiety to residents experiencing natural disasters.
Social benefits are based on FEMA BCA standard values which include $2,443 for treatment of
mental stress and anxiety for each resident of a home benefitted by the project and $8,736 for the
loss of production for full-time workers impacted by the flooding.

To standardize the social benefits, the same assumption for number of residents from the
displacement section was made. For number of working residents, the U.S. Census Bureau
provides Texas’s total employment and the total households to provide an average of 1 working
resident per household'. With the FEMA standard values and the assumptions made for residents
and working residents, the social benefits applied is equal to $16,065 per benefitted residential
structure.

9.2 Walnut Creek results

A benefit-cost analysis was performed for the Walnut Creek Detention Basin Alternative using
the water surface elevation results described in Section 7.3 with the parameters described in
Section 9.1. The benefit value derived for this alternative was used along with the engineering
opinion of probable project cost to generate the final benefit-cost ratio for the Walnut Creek
Detention Basin, as shown in Table 9-6.

Table 9-6 Walnut Creek Detention Basin BCA Results

L Benefits
Building Type - Total
Standard Social
Residential $42,899,652 $141,420,195 $184,319,847
Non-Residential $17,467,588 $0 $17,467,588
Total Mitigation Benefits $201,787,435
Total Project Cost $193,071,637
Project BCR 1.05

Using the total mitigation benefits and the associated project cost, the Walnut Creek Detention
Basin has a benefit cost ratio (BCR) of 1.05.

1'U.S. Census Bureau QuickFacts Texas Table
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9.3 Birch Creek results

A benefit-cost analysis was performed for the Birch Creek Detention Basin Alternative using the
results described in Section 7.4 with the parameters described in Section 9.1. The benefit value
derived for this alternative was used along with the engineering opinion of probable project cost
to generate the final benefit-cost ratio for the Birch Creek Detention Basin, as shown in Table
9-7.

Table 9-7 Birch Creek Detention Basin BCA Results

o Benefits
Building Type - Total
Standard Social
Residential $33,369,403 $141,163,155 $174,532,558
Non-Residential $10,814,136 $0 $10,814,136
Total Mitigation Benefits $185,346,694
Total Project Cost $105,338,718
Project BCR 1.76

Using the total mitigation benefits and the associated project cost, the Birch Creek Detention
Basin has a benefit cost ratio of 1.76.

9.4 Combined Detention Basin results

A benefit-cost analysis was performed for the Combined Detention Basins Alternative using the
results described in Section 7.5 with the parameters described in Section 9.1. The benefit value
derived for this alternative was used along with the engineering opinion of probable project cost
to generate the final benefit-cost ratio for the Combined Detention Basins Alternatives, as shown
in Table 9-8.

Table 9-8 Birch-Walnut Creek Detention Basins BCA Results

. Benefits
Building Type - Total
Standard Social
Residential $49,527,304 $141,709,365 $191,236,669
Non-Residential $20,504,771 $0 $20,504,771
Total Mitigation Benefits $211,741,440
Total Project Cost $298,410,355
Project BCR 0.71

Using the total mitigation benefits and the associated project cost if constructed together, the
Combined Birch Creek and Walnut Creek Detention Basins have a benefit cost ratio of 0.71. The
lower BCR in comparison to the BCRs of the independent detention basins is attributed to the
significant cost increase of a project for two detention basins and due to the nature of social
benefits being attributed to the number of affected structures rather than the changes in depth-to-
damage. For the combined case, social benefits are still only counted per the structures benefiting
so remain the same as if only one basin was being constructed.
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10 Potential funding opportunities

Due to the size of the projects, funding for the detention basins will likely require a combination
of multiple funding sources from both the local entities as well as partnerships with the state and
federal governments. Each funding source may have specific requirements for meeting the
source and stipulations as to the types of projects or parts of projects that it can fund. Below is a
summary of current potential funding sources separated out by potential agency.

10.1 Federal Emergency Management Agency (FEMA)

Assuming both projects retain a benefit cost ratio greater than 1.0 in subsequent detailed design
efforts, FEMA funding can be a source for project design and construction. FEMA has a variety
of funding opportunities with eligible activities that range from Hazard Mitigation Planning to
conveyance and detention improvements to flood warning system enhancements. The entity that
applies must have an adopted Hazard Mitigation Plan.

10.1.1 Flood Mitigation Assistance (FMA)

e Project Type: Planning, Engineering, Design, Construction
e Maximum Funding: $25 million

e Cost Share: 75% FEMA, 25% local

e Frequency: Annually

e Administrator: Texas Water Development Board

e Restrictions: BCR>1.0

10.1.2 Hazard Mitigation Grant Program (HMGP)

e Project Type: Planning, Engineering, Design, Construction
e Maximum Funding: $25 million

e Cost Share: 75% FEMA, 25% local

e Frequency: After federally-declared disaster

e Administrator: Texas Division of Emergency Management
e Restrictions: BCR > 1.0

10.2 US Housing and Urban Development Funding (HUD/GLO)

The HUD Community Development Block Grants (CDBG) provide opportunities for
communities following a major disaster. HUD funding is administered through the General Land
Office (GLO) for Texas and can also be filtered through the local council of governments
(Houston-Galveston Area Council [HGAC] for our region). HUD funding generally does not
have a BCR requirement but may have a low-moderate income emphasis for the applying entity.
Funding opportunities may have different thresholds of percent Low-Moderate Income (LMI)
benefitting from the project.
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10.2.1 Community Development Block Grant — Disaster Relief (CDBG-DR)

e Project Type: Planning, Engineering, Design, Construction
e Maximum Funding: Varies

e Cost Share: 100% HUD

e Frequency: After federally-declared disaster

¢ Administrator: General Land Office

e Restrictions: Large emphasis on LMI communities

10.2.2 Community Development Block Grant — Mitigation (CDBG-MIT)

e Project Type: Planning, Engineering, Design, Construction
e Maximum Funding: Varies

e Cost Share: 100% HUD

e Frequency: After federally-declared disaster

¢ Administrator: General Land Office

e Restrictions: Large emphasis on LMI communities

10.3 Natural Resource Conservation Service (NRCS)

NRCS’s natural resources conservation programs help people reduce soil erosion, enhance water
supplies, improve water quality, increase wildlife habitat, and reduce damages caused by floods
and other natural disasters. NRCS funds have been used locally for conservation efforts or repair
of damaged infrastructure. The funding requires projects to be completed relatively quickly.

10.3.1 Watershed and Flood Prevent Operations (WFPO)

e Project Type: Planning, Engineering, Design, Construction

e Maximum Funding: $5 million (unless otherwise approved by Congress)
e (Cost Share: Varies

e Frequency: Annually

e Administrator: NRCS (US Department of Agriculture)

e Restrictions: Benefit area must include 20% agriculture

10.4 Congressional Allocation

Congress can directly allocate funding for a drainage infrastructure project through the annual
appropriations process or by authorizing specific funding in legislation. This typically involves a
member of Congress submitting a request—often in the form of a Community Project Funding
(CPF) or earmark—for a particular project in their district or state. If approved, the request is
included in one of the appropriations bills passed by Congress and signed into law by the
President. Alternatively, Congress can include funding for such projects in larger infrastructure
or disaster relief bills, directing federal agencies such as the Army Corps of Engineers or the
Environmental Protection Agency to administer the funds. This process ensures that federal
dollars are designated for targeted improvements, like stormwater management systems or flood
mitigation infrastructure, that address local needs and protect communities. Projects funded with
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direct allocation may have to follow the rules of the funding agency such as that USACE funding
cannot be used for land acquisition.

10.5 Texas Water Development Board (TWDB)

The TWDB has several sources of funding available for flood mitigation projects and has
recently increased awareness of these projects and programs through the regional flood planning
initiative. These two projects were included in the latest amendment of the plan which will make
them eligible for state funding. Some of these funding sources are relatively new and standard
requirements may be subject to change.

10.5.1 Flood Infrastructure Fund (FIF)

e Project Type: Planning, Engineering, Design, Construction

e Maximum Funding: $19 million (current cycle)

e Cost Share: 30%-75%, low interest loans

e Frequency: Bi-annually

¢ Administrator: TWDB

e Restrictions: Subject to state legislature funding the program

10.6 Local funding

Local funds will need to be raised for the local share required in most state and federal sources as
well as for the long-term operations and maintenance of the basins.

10.6.1 Bonds

Bond funding can be used for flood protection and management projects. Bonds typically
provide project specific financing that requires proposed improvements to be ready for design
and construction and meet the priorities set by the funder. Although repayment terms can offer
low or no interest financing, these sources do require full repayment.

10.6.2 Fees and ad valorem taxes

A development impact mitigation fee is a tax that is imposed as a precondition for the privilege
of developing land. Since the proposed projects address existing conditions and are not meant for
mitigating developing land, imposing a fee on new development to address pre-existing flooding
conditions may be difficult to implement. Ad valorem taxes are based on the value of a
transaction of a property. Sales taxes or property taxes are ad valorem taxes that could be
considered for funding the projects.

10.6.3 Public private partnerships

While there is not an identified stream of funding available for private investment, it may be
considered as an option if the opportunity is presented. The detention basins will provide ample
space for recreational activities outside of storm events and dual use of the basins should be
explored. The watershed also includes several different industrial and commercial developments
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that were significantly damaged in recent flood events and whose owners may be looking for
opportunities to reduce flood risk in the area.
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11 Recommendations and next steps

The hydrologic and hydraulic analyses show that the Walnut Creek and Birch Creek Detention
Basins both individually, as well as combined, would provide a widespread benefit to the Spring
Creek watershed. By detaining flows within each tributary, the detention basins reduce the
overall flow in Walnut Creek and Spring Creek. The structural analysis showed that the
reductions in both flow and water surface elevation translate to reductions in flooding throughout
the watershed for both the frequency as well as historical storm events.

Table 11-1 Benefitted Structures

Birch Walnut Birch + Walnut
Reduced! Removed® Reduced! Removed> Reduced! Removed’
10% ACE 37 2 36 5 30 11
2% ACE 252 48 230 70 199 101
1% ACE 802 160 738 225 629 335
0.2% ACE 9,207 303 9,032 484 8,762 795

!'Structures that are still in the inundation area but the depth of flooding at the structure was reduced
2 Structures that would no longer flood

The benefit cost analysis shows that both detention basins have a positive benefit cost ratio when
analyzed individually and below a 1.0 benefit cost when analyzed together due to the application
of social benefits. Applications for these projects should keep these projects as separate in order
to maximize the benefit cost ratio.

Table 11-2 Final Benefit Cost Ratio

Cost Benefit BCR
Birch Creek $105,338,718 $185,346,694 1.76
Walnut Creek $193,071,637 $201,787,435 1.05
Combined $298,410,355 $211,741,440 0.71

Several funding sources are available for project funding, and construction as well as operations
and maintenance will likely require a combination of federal, state, and local funding sources.
The project owner should begin funding discussions with local, state, and federal agencies to
determine the most probable source and begin funding applications.
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O Other {please explain}/Ctro (por favor de explicar)

COMMENTS (Please make additional comments on the back, if needed)
COMENTARIOS (Por favor haga comentarios adicionales en la parte posterior, si es necesario)
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Spring Creek Flood Control Dams Feasibility Study
Written Comment Form/Formulario de Comentarios Escritos

ARE YOU A PUBLIC OFFICIAL? / i ES USTED UN FUNCIONARIO PUBLICO?
ONO/NO QO YES/SI Ifyes, position/ En caso afirmativo, puesto:

First and Last Name/Nombre y Apellido How did you learn about this public meeting?
. { ¢ .Q QOLO £, Como se enterd de esta reunién publica?
Mailijg Address/Direccién de Envio [ Email/Correc Electrénico

67 263 Lenox HillDv )72 52

O Website/Sitio Web
City, State, Zip Code/Ciudad, Estado, Cédigo Postal ehsiiersiio e

(1 Facebook/Twitter
Email Address/Correo Elecirénico
O Mail/Correo

Affiliation/Afiliacion [ Other (please explain)/Otro {por favor de explicar)

Do you support the study?/Usted apoya el estudio? O 1 support the studyiSi, apoyo el estudo
U 1 do not support the study/No apoyo el estudio

How would you prefer to receive information about this study? (Please check one)/; Cédmo prefiere recibir informacién sobre el
estudio? (Por favor marque uno)

(] website/Sitio web Q0 Mail/Correo £ Email/Carreo Electrénico O Facebook/Twitter

1 Other (please explain}/Otro (por faver de explicar)

COMMENTS (Please make additional comments on the back, if needed)
COMENTARIOQOS (Por favor haga comentarios adicionales en la parte posterior, si es necesario)
—

O The woaker fevels nse with (backflow ) apr(feceflow)
' — S
@ He Horvs Caum‘y Clonmned I/’mm o !I'gfn’;j) (recd .,

Chobed v/ H O] U\;’Aaq@ . Pllase InCreage oo
@f{—m@ (B ebird Lepox M*'/Z)




Spring Creek Flood Control Dams Feasibility Study
Written Comment Form/Formulario de Comentarios Escritos

ARE YOU A PUBLIC OFFICIAL? / ;ES USTED UN FUNCIONARIO PUBLICO?
WINO QO YES/ Si  If yes, position/ En caso afirmativo, puesto:

First and Last Name/Nombre y Apellido How did you learn about this public meeting?

& Cémo se enterd de esta reunidn publica?
femeth  Barrsn

Mailing Address/Direccién de Envio U Email/Correo Electrénico

2894 70 fe

U Website/Sitio Web
City, State, Zip Code/Ciudad, Estado, Cédigo Postal ebsiteisitio e

Mﬂ// /3" ' -7-5-6 77 ‘Vg “/ 0 Facebook/Twitter

Email Address/Correo Electrénico

fenneth. barrostY € gmai kb com

Affiliation/Afiliacion [ Other (please explain)/Otro (por favor de explicar)

U Mail/Correo

Do you support the study?/Usted apoya el estudio? 0 1 sypport the study/Si, apoyo el estudo
o not.support the study/No apoyo el estudio

How would you prefer to receive information about this study? (Please check one)/; Cémo prefiere recibir informacién sobre el
estudio? (Por favor marque uno)

O website/Sitio web @Mail/Correo U Email/Correo Electrénico J Facebook/Twitter

Mer (please explain)/Otro (por favor de explicar)_Zme,g A, Kome J‘f')z/ﬂ" ﬂz:;/

COMMENTS (Please make additional comments on the back, if needed)
COMENTARIOS (Por fatior haga comentarios adicionales en la parte posterior, si es necesario)
/ r 2 ek’




From: Mariah Najmuddin

To: Connor Stokes
Subject: Fwd: New submission on HubSpot Form "New contact us form (March 24, 2022 3:39:31 PM) "
Date: Wednesday, April 26, 2023 7:23:07 PM

What’s the protocol for responses?
Sent from my iPhone

Begin forwarded message:

From: HubSpot Forms <noreply@hubspot.com>

Date: April 26, 2023 at 11:15:45 AM CDT

To: Mariah Najmuddin <Mariah@hollawayenv.com>

Subject: New submission on HubSpot Form "New contact us form (March 24, 2022 3:39:31
PM) "

Reply-To: HubSpot Forms <noreply@hubspot.com>

CAUTION: Email from outside Hollaway

HubSpot

New submission on HubSpot Form "New
contact us form (March 24, 2022 3:39:31 PM) "

Page submitted on: Contact Us - Spring Creek Feasibility Study

First name:

Sylvia A

Last name:
Centanni

Email:
centannis2@gmail.com

Subject:


mailto:Mariah@hollawayenv.com
mailto:connor@hollawayenv.com
https://springcreekstudy.com/contact-us/

Flood control and aquifer recharge

Message:

Have you considered retention ponds with recharge into
the aquifer we pull water from in The Woodlands?

It takes years to recharge an aquifer but if you drill down
to a level that feeds into the aquifer, it will take less time.
This is not an immediate fix for flooding, but it would
remediate some flooding because of the ponds and
hopefully recharge the aquifer for years down the road.

View in HubSpot

CONTACT

Sylvia A Centanni

This message was sent to mariah@hollawayenv.com because your preferences
are set to receive notifications like this. You can change it in your notification
preferences page.
springcreekstudy.com (Hub ID: 21548652)

HubSpot, Inc.
25 First Street, 2nd Floor
Cambridge, MA 02141


https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/a74e0585-7bf5-36b6-a1c3-714486154dc8?notificationPortalId=21548652&deliveryMethod=EMAIL
https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/a74e0585-7bf5-36b6-a1c3-714486154dc8?notificationPortalId=21548652&deliveryMethod=EMAIL
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
file:////c/springcreekstudy.com

From: Mariah Najmuddin

To: Connor Stokes
Subject: Fwd: New submission on HubSpot Form "New contact us form (March 24, 2022 3:39:31 PM) "
Date: Wednesday, April 26, 2023 7:23:24 PM

Sent from my iPhone

Begin forwarded message:

From: HubSpot Forms <noreply@hubspot.com>

Date: April 26, 2023 at 9:28:43 AM CDT

To: Mariah Najmuddin <Mariah@hollawayenv.com>

Subject: New submission on HubSpot Form "New contact us form (March 24, 2022 3:39:31
PM) "

Reply-To: HubSpot Forms <noreply@hubspot.com>

CAUTION: Email from outside Hollaway

HubSpot

=

New submission on HubSpot Form "New
contact us form (March 24, 2022 3:39:31 PM) "

Page submitted on: Contact Us - Spring Creek Feasibility Study

First name:

Ryan

Last name:

Quigley

Email:

ryan.quigley@sbcglobal.net

Subject:
Walnut and Birch dams


mailto:Mariah@hollawayenv.com
mailto:connor@hollawayenv.com
https://springcreekstudy.com/contact-us/

Message:

Groundwater availability is a very hot topic in
Montgomery County. Could the impounded water from
these dams be used to recharge the aquifer? For
instance, in California, they use these flood control
dams to protect property and recharge aquifers. | doubt
we have the geology needed but might be worth looking
into.

View in HubSpot

CONTACT

Ryan Quigley

This message was sent to mariah@hollawayenv.com because your preferences
are set to receive notifications like this. You can change it in your notification
preferences page.
springcreekstudy.com (Hub ID: 21548652)

HubSpot, Inc.
25 First Street, 2nd Floor
Cambridge, MA 02141


https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/9a4b57bf-d0dc-3e21-933c-02843dfa7d79?notificationPortalId=21548652&deliveryMethod=EMAIL
https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/9a4b57bf-d0dc-3e21-933c-02843dfa7d79?notificationPortalId=21548652&deliveryMethod=EMAIL
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
file:////c/springcreekstudy.com

From: HubSpot Forms

To: Mariah Najmuddin
Subject: New submission on HubSpot Form “New contact us form (March 24, 2022 3:39:31 PM) "
Date: Tuesday, May 2, 2023 7:03:18 PM

CAUTION: Email from outside Hollaway

HubSpot

-

New submission on HubSpot Form "New
contact us form (March 24, 2022 3:39:31 PM) "

Page submitted on: Contact Us - Spring Creek Feasibility Study

First name:

Leah

Last name:

Raney

Email:
Iraney99@gmail.com

Subject:
Spring Creek Flood Control Feasibility Study

Message:
Is there a way to include planned construction

developments, particularly residential developments, in
the study area and how they will impact the modeled
benefits of the dams under study? It would be helpful to
have a tool similar to the Montgomery county interactive
flood maps that would allow residents to see if their
property might benefit from the construction of either or


mailto:noreply@hubspot.com
mailto:Mariah@hollawayenv.com
https://springcreekstudy.com/contact-us/

both dams. The maps used in the public meeting are
helpful, but too small to see where your property is
located in respect the creek. Thank you.

View in HubSpot

CONTACT

Leah Raney

This message was sent to mariah@hollawayenv.com because your preferences
are set to receive notifications like this. You can change it in your notification
preferences page.
springcreekstudy.com (Hub ID: 21548652)

HubSpot, Inc.
25 First Street, 2nd Floor
Cambridge, MA 02141


https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/9dd58732-5c39-44da-b4da-1254ba1a4d07?notificationPortalId=21548652&deliveryMethod=EMAIL
https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/9dd58732-5c39-44da-b4da-1254ba1a4d07?notificationPortalId=21548652&deliveryMethod=EMAIL
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
file:////c/springcreekstudy.com

From: HubSpot Forms

To: Mariah Najmuddin
Subject: New submission on HubSpot Form “New contact us form (March 24, 2022 3:39:31 PM) "
Date: Tuesday, May 2, 2023 6:56:42 PM

CAUTION: Email from outside Hollaway

HubSpot

New submission on HubSpot Form "New
contact us form (March 24, 2022 3:39:31 PM) "

Page submitted on: Contact Us - Spring Creek Feasibility Study

First name:
Jace

Last name:
Houston

Subject:
Spring Creek dam presentation

Message:

That Matt Barrett guy did a really good job.

View in HubSpot

CONTACT
Jace Houston


mailto:noreply@hubspot.com
mailto:Mariah@hollawayenv.com
https://springcreekstudy.com/contact-us/
https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/c077de03-8b6e-4087-8108-51293b690755?notificationPortalId=21548652&deliveryMethod=EMAIL
https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/c077de03-8b6e-4087-8108-51293b690755?notificationPortalId=21548652&deliveryMethod=EMAIL

This message was sent to mariah@hollawayenv.com because your preferences
are set to receive notifications like this. You can change it in your notification
preferences page.
springcreekstudy.com (Hub ID: 21548652)

HubSpot, Inc.
25 First Street, 2nd Floor
Cambridge, MA 02141


https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
file:////c/springcreekstudy.com

From:
To:

Subject:

Date:

HubSpot Forms

Mariah Najmuddin

New submission on HubSpot Form “New contact us form (March 24, 2022 3:39:31 PM) "
Tuesday, May 2, 2023 6:49:27 PM

CAUTION: Email from outside Hollaway

HubSpot

New submission on HubSpot Form "New
contact us form (March 24, 2022 3:39:31 PM) "

Page submitted on: Contact Us - Spring Creek Feasibility Study

First name:

Stuart L

Last name:
Schroeder

Email:

aggiebob@consolidated.net

Subject:
Spring Creek Watershed

Message:
Can you email the powerpoint presentation? There was

a tremendous amount of information contained therein.

View in HubSpot


mailto:noreply@hubspot.com
mailto:Mariah@hollawayenv.com
https://springcreekstudy.com/contact-us/
https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/b7b2c4a9-7c91-4ecc-8db1-4371b3670e3c?notificationPortalId=21548652&deliveryMethod=EMAIL
https://api-na1.hubapi.com/notification-station/general/v1/notifications/cta/b7b2c4a9-7c91-4ecc-8db1-4371b3670e3c?notificationPortalId=21548652&deliveryMethod=EMAIL

CONTACT

B Stuart L Schroeder

This message was sent to mariah@hollawayenv.com because your preferences
are set to receive notifications like this. You can change it in your notification
preferences page.
springcreekstudy.com (Hub ID: 21548652)

HubSpot, Inc.
25 First Street, 2nd Floor
Cambridge, MA 02141


https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
https://app.hubspot.com/notification-preferences/21548652/?highlight=41&referrer=email
file:////c/springcreekstudy.com

Spring Creek Flood Control Dams Feasibility Study
Written Comment Form/Formulario de Comentarios Escritos

ARE YOU A PUBLIC OFFICIAL? / ; ES USTED UN FUNCIONARIO PUBLICO?
@ O/NO QOYES/Si Ifyes, position/ En caso afirmativo, puesto:

First and Last N me/Nomlwe y Apellido How did you learn about this public meeting?
k O\NV\ rw Ay M) ;,Com  se enteré de esta reunion plblica?
Mailing Address/D reccidn de Envio mail/Correo Electrénico

0 Website/Sitio W
City, State, Zip Code/Ciudad Estado_ Codigo Postal ebsite/Sitio Web

l}-( WG MO ( ) & 11 %6(/[ 0 FacebookiTwitter
Email Address/Correo Electrénico O Maillc
ail/Correo
61.S2y-2  ovTeo ol (-
Affiliation/Afiliacion 0 Other (please explain)/Otro (por favor de explicar)
Do you support the study ?/Usted apoya el estudio? | support the study/Si, apoyo e estudo

O | do not support the study/No apoyo el estudio

How would you prefer to receive information about this study? (Please check one)/¢,Cémo prefiere recibi  forma ‘én sobre e
estudio? (Por favor marque uno)

] Website/Sitio web A MailiCorreo mail/Correo Electronico O Facebook/Twitter

Q) Other {please explain)/Otro (por favor de expl car)

COMMENTS (Please make additional comments on the back, if needed)
COMENTARIOS (Por favor haga comentarios adicionales en la parte posterior, si es necesario)
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Appendix A

Public Comment — Jamie LeBlanc















Appendix B

Public Comments on Project Map









NAME

Janet Duane

EMAIL ADDRESS

jan.duane@outlook.com

FORMAT RECEIVED

Website Comment
Form

SUPPORTS STUDY

TOPIC

Walnut Creek Dam
Feasibility Study

Spring Creek Study — Comment/Response Matrix
May 2025

COMMENT

Having attended the most recent public hearing as well as the previous one, | noticed that the edge/limits of the survey area do not
extend north beyond the Waller/Grimes county line. As a resident of Saddle Creek Forest, | can tell you that there are 4 tributaries
to Walnut Creek that that run through SCF that originate in Grimes County, resulting in delayed road flooding from rainfall across
the watershed in Grimes County. You study fails to address effects of any planned developments in extreme southern Grimes
County, especially given the speed at which developments are spreading northward in Waller County. Also, Grimes County seems
to have much less activity, involvement or regulation in flood control and mitigation relating to development than Waller. | feel this
topic should be included as potentially having a significant effect on the proposed dam in the 10+ year time frame.

DATE RECEIVED

10-May-25

COMMENT RESPONSE

Michael Michalski

mbm804@icloud.com

Website Comment
Form

Aquifer Considerations

What implications for the local aquifers do the two dams present?

28-Apr-25

Michael Sullivan

msullivan@bleylengineering.com

Website Comment
Form

The Zero Cost No
Action option

You have no considered the Zero Cost, Do Nothing, option that saves everyone without creating unnecessary burden for an agency
that can't even be identified.

Require the MoCo FLOOD CONTROL DISTRICT to do their job and RESTRICT construction of homes in areas defined as high
hazard. The study is now completed and actually shows WHICH 275 homes will be impacted. Why keep allowing citizens to build in
hazardous locations? The Barker Cypress / Addicks reservoir is a perfect example of County Flood Control failing to CONTROL
building in hazardous areas. There are many other potential uses, but just because a developer purchased it does not mean the
county is required to allow them to put lives at stake for profit. Really - negative impact and $5000,000 cost on the entire county to
benefit only 275 homes? The fact no one has been identified to be a sponsor should be a good indicator of what the problem is.
Cost Ratio for dual project is only 0.71 - you failed to state that in the presentation. Barely 1.0 based on made up benefit values with
no backup. Obviously not beneficial. Cut losses now and STOP WORK.

24-Apr-25

Mike Bernelle

Imike@swbell.net

Website Comment
Form

Spring Creek Study -
Walnut and Birch
Creeks Detention

We live in Saddle Creek Forest. It is north of Riley road with parts of our neighborhood in Waller county and some in Grimes county
and is between Birch Creek to the east and Walnut Creek to the west. Our past experiences with rain events and flooding in this
area are a concern. We are stranded when bridges and roads are flooded and we cannot get out and outside services (like EMS)
are needed but they cannot get in. We heard about this project via social media and were interested if it would provide any relief to
these flood events. We attended the 4/21/25, meeting at the Field Store Community Center. The documentation and presentation
both inform us that there be no positive result for us if this project, in it's current scope, goes forward. In our area that is impacted by
these floods, the water levels do not remain at that stage for long after the rain stops. Currently, it moves thru (downstream) in
usually less that a day. But at the meeting we were told that these two dams would cause a minimal increase in water levels but
would take longer to drain - days longer. As stated in your documentation "Runoff impounded upstream of the dams could take up to
a week to completely drain after an extreme rainfall event". Before the presentation when we were looking at maps, we asked that
question to the person that did the presentation, (before we knew he was the person that was doing it) he replied we would probably
get a little more water and it would take longer to drain.

| am totally against this project. It will make a bad situation worse. It has no mention of building higher bridges over those creeks so
we are not stranded. All the estimated benefits of "No Longer Flooded" are for those downstream of the proposed dams - at the
expense of us upstream of the proposed dams.

23-Apr-25

Marfa Lafaver

marta.lafaver@gmail.com

Website Comment
Form

Walnut Creek & Birch
Creek Reservoir Road
Concerns

| believe it may be a grave concern and huge mistake to not include the cost of improving the Riley Road improvements needed for
this project to go ahead. If both of these reservoirs are built and full of water, as intended, then you will be trapping the residents of
Riley Road with no means of leaving or getting emergency services to their property. This is the only road in our area, there are no
other options. Riley Road already floods during non-major storm events for at least a full day. This will only make it worse. The
maijority of residents work off of their property and must leave to earn a living. The bridges crossing the creeks at all points MUST
be improved and built higher due to this project. This is not a cost that should be pushed onto Waller County since it is YOUR
project causing this effect. This is a significant oversight of the project to not include this cost in your Cost to Benefits Analysis.

21-Apr-25

Stephen Lafaver

slafav@gmail.com

Website Comment
Form

Road Flooding Along
Riley Road

Roads and bridges along Kyle, Riley, and countless other roads in the affected area already suffer from significant flooding during
normal rain events. Not including the cost of improvements to these areas within this project is not only irresponsible but poses a
significant risk of trapping residents in their homes for the entire duration that water is being held back by the new dams. Assuming
that Waller County will fund such improvements in support of a project that only does harm to local residents seems naive at best
and should be the sole responsibility of those who actual benefit from the project.

21-Apr-25

John Graziano

6253-31@outlook.com

Public Meeting
Comment Form

Private Property Rights

Protect private property rights
Protect farms and ranches.
NO public trails on private property rights.

28-Apr-25

1 of 1
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