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Section 1: Introduction

This report presents the results of the technical analysis to evaluate climate change-driven
flooding impacts on the Carmel Area Wastewater District (CAWD) Wastewater Treatment Plant
(WWTP) assets and its ability to treat wastewater. The bulk of the evaluation summarized
herein was completed by Environmental Science Associates (ESA) and is represented in their
report in Appendix A. This report presents a summary of the ESA evaluation and focuses more
on the WWTP asset vulnerability and impacts that the sea level rise projections could have on
critical infrastructure at the CAWD WWTP.

1.1 Sea-level Rise Scenarios

The sea-level rise scenarios proposed for this study were selected to be consistent with the latest
guidance. Environmental Science Associates (ESA) provided a summary of the
recommendations for Sea Level Rise scenarios for CAWD in Appendix A. The Ocean Protection
Council (OPC) 2018 guidance for sea level rise was used as the basis for the current analysis.

The “Medium-High Risk Aversion” scenario included in the 2018 OPC guidance was selected
for the ESA modelling of water levels at the WWTP. The “Medium-High Risk Aversion” can be
compared to the “Extreme Risk Aversion”. For instance, the timing of “Extreme Risk Aversion”
in 2070 is roughly equivalent to the “Med-High Risk Aversion” of 2085. Table 1 contains a
summary of the sea level rise estimates in the 2018 OPC guidance.

Table 1 - Sea-Level Rise Scenarios For Planning

Scenario 2050 2070 2100
Med-High Risk Aversion 2 feet 3 feet 6 feet
Extreme Risk Aversion 2.7 feet 5.1 feet 10.1 feet

The “Extreme Risk Aversion” scenario and the “Medium-High Risk Aversion” scenario are
illustrate in Figure 1 and are consistent with the OPC 2018 guidance.
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Figure 1 - Comparison of Proposed Analysis and Available Hazard Maps to Updated OPC
(2018) Sea-Level Rise Guidance Curves




Section 2: Exposure Analysis

21 Exposure Scenarios

The CAWD WWTP was evaluated for three different scenarios of flooding as follows:

Closed Lagoon Conditions

e Backwatered Lagoon Inundation Level: A sustained high-water level representative of
typical conditions when the lagoon mouth is closed. Groundwater elevations are likely
to equilibrate with this surface water level.

e Moderate Storm with Closed Lagoon Inundation Level: A temporary high water event
in the lagoon associated with backup of water in the lagoon when the rivermouth is
closed and water collects behind the sand bar. The source of water could be either
moderate river streamflow, or wave overtopping into the lagoon. This does not
represent extreme fluvial floods.

Open Lagoon Conditions

e 100-yr Fluvial Flooding Level: Flooding during extreme river flow events can cause
elevated water levels adjacent to the treatment plant and overtopping of the river
channel. Flooding has occurred at the WWTP in the past and has been a known hazard
since before the current treatment facilities were built and the 100-year flood was used
as a basis for design. Flooding is short duration for hours or days. Past flooding has not
reached the theoretical 100-year storm levels in historical records. The probability of a
100-yr storm occurring is 1%.

Figure 2 is an illustration of these three scenarios.
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Figure 2 - Schematic of Closed Lagoon Conditions and River Flood Events




2.2 Lagoon Levels During Closed-Lagoon Conditions

Projection of the lagoon water levels over time was modeled by ESA using a hydrologic and
geomorphic approach (Appendix A). The lagoon modeling was conducted to determine how
lagoon processes would respond to sea-level rise. Two primary reference lagoon water levels
were determined for each time horizon that represent the following conditions used for the
impacts analysis:

¢ Backwatered Lagoon Inundation Level: A sustained high water level representative of
typical conditions when the lagoon mouth is closed. Groundwater elevations are likely
to equilibrate with this surface water level.

¢ Moderate Storm with Closed Lagoon Inundation Level: A temporary high water event
in the lagoon associated with backup of water in the lagoon when the rivermouth is
closed and water collects behind the sand bar. The source of water could be either
moderate river streamflow, or wave overtopping into the lagoon. This does not
represent extreme fluvial floods.

These two conditions occur when the mouth of the lagoon is closed due to wave action, and the
ponded water in the lagoon is essentially a flat surface, that can be easily mapped to understand
which assets are exposed to flooding. A third condition, flooding during extreme river flow
events, typically leads to a scoured lagoon mouth and a sloping water surface along the lagoon.
Under these conditions (described in the next section), peak water surface elevations at any
location depend on the flow rate in the Carmel River.

Table 2 presents the water levels computed by ESA for the range of sea levels and their
corresponding forecast dates. The Backwatered Lagoon Inundation water levels range from 11
to 16 feet NAVD, and the Moderate Storm Closed Lagoon flood water levels range from 15 to 20
feet NAVD. The water level does not increase linearly with sea-level rise because the storage of
the lagoon significantly expands at elevations greater than 13 feet NAVD.

This modeling and results implicitly presume that waves and rainfall-runoff are steady (not
increased or decreased by climate change) and there is adequate deposition of sand for the
beach to rise linearly with sea-levels. It should be noted that ESA believes that the sand on the
beach will most likely not rise linearly with sea level rise and therefore the analysis is

conservative.




Table 2 - Lagoon Water Levels Over Time For Closed Lagoon Conditions

Existing 2030 2050 2070 2100
Sea Level Rise (feet) 0 1 2 3 6
Backwatered Lagoon 11 12 13 14 16
Inundation Level (Feet
NAVDSS8)
Moderate Storm Closed 15 15.5 16 17 20
Lagoon Inundation
Elevation (feet NAVDS88)

Figure 3 presents lagoon water levels for Backwatered Lagoon Inundation and Moderate Storm

Closed Lagoon flooding over time with sea-level rise. The lines in the figures are best-fit

polynomials that can be used to approximate the year associated with impacts of specific

threshold elevations. Note that the existing condition is assumed to occur at year 2000,
consistent with state guidance (CCC 2015).
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2.3 Flooding During Extreme River Flow Events

Flooding during extreme river flow events can cause elevated water levels adjacent to the
treatment plant and overtopping of the river channel. This has occurred at the WWTP in the
past and has been a known hazard since before the current treatment facilities were built.
Ongoing climate change is expected to alter the amount of rainfall arriving during storm events,
which will affect the risk of flooding of assets during these high river flow events. This coupled
with sea level rise will change the current flood dynamics.

To predict future changes in flooding frequency in the Carmel River, ESA analyzed publicly
available historical and forecasted future precipitation data for the Carmel River watershed.
Changes in frequency of extreme precipitation events over time were used as an indicator for
anticipated future changes in extreme flows. The precipitation data were derived from climate
model output from general circulation models (GCMs) developed by international modeling
teams as part of the International Panel on Climate Change’s (IPCC) fifth assessment report
(AR5). These data have been downscaled to a 6 kilometer by 6 kilometer grid scale and
aggregated under a Scripps Institution of Oceanography online database (Pierce et al. 2014). The
data are based on the latest set of global emissions scenarios referred to as Representative
Concentration Pathways (RCPs). The analysis conducted for this study included processing this
downscaled climate data in Matlab and conducting extreme value analysis to estimate the
change in frequency for a 24-hour precipitation event. Two time horizons, a mid-century (2050)
and late-century (2100), and two climate scenarios, RCP 4.5 and RCP 8.5, were considered for
this analysis. Increased flow rates are listed in Table 3 for a range of flood events. Although the
GCMs predict a broad range of future precipitation, ESA recommends applying the average of
the GCM outputs for planning purposes. Applying the average of GCM outputs gives rise to a
22 to 36 percent increase in peak flows by 2050, an increase of 28 to 72 percent by 2100. For
context, using GCM outputs at the 95th percentile of predictions would result in higher flows in
the future. The 95th percentile of outputs would result in an increase in peak flows by 98 to 159
percent by 2050 and 114 to 283 percent by 2100.




Table 3 - Predicted Future Flow Rates On The Carmel River With Climate Change

Existing 2050 2100
Conditions
Annual Flow Rate GCM GCM GCM GCM
Recurrence Upstream of | Average Flow | Average Flow | Average Flow | Average Flow
Flood Event | Lower Rate (cfs) Rate (% Rate (cfs) Rate (%
Carmel River Increase) Increase)
RCP 4.5
2 2,951 3,152 22% 3,304 28%
5 6,220 7,872 27% 8,228 32%
10 9,204 11,811 28% 12,335 34%
50 16,545 21,548 30% 22,509 36%
100 19,770 25,834 31% 26,996 37%
500 27,159 35,707 31% 37,344 38%
RCP 8.5
2 2,591 3,337 29% 3,631 40%
5 6,220 8,211 32% 9,640 55%
10 9,204 12,268 33% 14,839 61%
50 16,545 22,330 35% 27,941 69%
100 19,770 26,779 35% 33,714 71%
500 27,159 37,068 36% 46,792 72%

To relate the increased flow rates to water levels at the treatment plant, ESA used prior
hydraulic modeling conducted by Schaaf and Wheeler (2014), who examined the 10-, 50-, 100-,
and 500-year annual recurrence flood events on the river. Modeled water levels were reported
at the treatment plant for each flood event, allowing a regression to be made between river flow
rates and water levels. This regression was used along with the increased flow rates reported in
Table 3 to give future flood levels at the treatment plant for 2050 and 2100. These levels are
shown in Table 4, and also incorporate the suggested sea-level rise amounts of 2 feet and 6 feet
by 2050 and 2100, respectively. Figure 4 illustrates the results listed in Table 4.




Table 4 - Predicted Future Flow Rates On The Carmel River And Resulting Water Levels At
The Treatment Plant

Existing Conditions 2050 2100
Annual Flow Rate Water Level at | Flow Rate | Water Flow Rate | Water
Recurrence | Upstream Treatment Upstream | Level at Upstream | Level at
Flood Event | of Lower Plant! of Lower | Treatment | of Lower | Treatment
Carmel Carmel Plant? Carmel Plant?
River River River
RCP 4.5
10 9,204 N/A 11,811 20.4 12,335 24.5
50 16,545 18.9 21,548 21.2 22,509 25.3
100 19,770 19.1 25,834 21.5 26,996 25.5
500 27,159 19.5 35,707 21.9 37,344 26.0
RCP 8.5
10 9,204 N/A 12,268 20.5 14,839 24.7
50 16,545 18.9 22,330 21.3 27,941 25.6
100 19,770 19.1 26,779 21.5 33,714 25.8
500 27,159 19.5 37,068 22.0 46,792 26.3
NOTES:

1 Reported by Schaaf and Wheeler (2014)
2 Water Levels in 2050 include an assumed 2 feet of sea-level rise, per Table 1
3 Water Levels in 2100 include an assumed 6 feet of sea-level rise, per Table 1

2.3.1 Sensitivity to Sedimentation in the Lagoon

The flood analysis calculations assume that sedimentation would keep pace with sea-level rise
in the future, meaning that the flood levels reported by Schaaf and Wheeler would shift upward
in the future. We do not expect sedimentation to be uniform throughout the lagoon, and the rate
of bed elevation rise could be outpaced by sea-level rise as it accelerates between 2050 and 2100.
Thus, the predictions in Table 4 should be considered conservative (high). In reality, the
availability of beach sand to build up the sandbar is likely a limiting factor in increased
sedimentation build up and increase in the downstream flood weir elevation.

To better illustrate the sensitivity to sedimentation, ESA also examined results from the prior
hydraulic modeling work that looked at sensitivity of flood levels to the downstream tailwater
elevation in the lagoon. In particular, for the 100-year river flood case, Schaaf and Wheeler
(2014) (Appendix B) compared flood levels for a tailwater at normal depth, and for a tailwater at
normal depth “plus ineffective flow from sandbar’ (see Table 3 in Schaaf and Wheeler 2014). The
latter case has a tailwater height that is 2.8 feet higher, leading to an increase in flood levels at
the WWTP from 19.1 to 19.45 feet NAVDS8. Since the shape of the lagoon is otherwise
unchanged, we take this case to be analogous to a 100-year river flow event with approximately

3 feet of sea-level rise and no sedimentation in the lagoon. This is represented in Figure 2 by a




black curve. Taken together with the results described above, this gives an approximate

envelope of expected flood levels at the WWTP during the 100-year river flood event.

2.3.2  Sensitivity to Floodplain Area

The flood analysis calculations assume that the area of the floodplain will not change. This is a
conservative assumption since the flood plain will spread out as flood elevations rise and this

will result in a reduction of the flood elevation at the WWTP from what is shown in this report.
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1. 100-Year Fluvial Flooding assumes that sedimentation in lagoon occurs at same pace as sea level rise. It is
believed that sedimentation will be out paced by sea level rise so these numbers are conservative. The
availability of sand will be a limiting factor in the ability for the sandbar elevation to increase.

2. Projections do not include modeling of larger floodplain area created by higher flood elevations. Larger
flood plain area would reduce flood elevation at WWTP.

3. 100-year Fluvial Flood elevations are for the Main River Channel on the North East Corner of Treatment
Plant. Flood elevations decrease about 2 feet as water moves across the treatment plant.

Figure 4 - Projections of WWTP Flood Elevation for 100-year Fluvial Flooding and Other
Conditions

2.3.3 Floods of Record

Table 5 shows flood events in the recent past to provide real world case studies as a comparison
to the flood modeling work that has been done. In general the flood history correlates well with
the modeling done. Figure 5 shows the downstream lagoon elevation during the storms. For

reference the current 100-yr storm is predicted to create river flows of 22,000 cfs.
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Table 5 — Recent Floods of Record

Year River Flow (cfs) Impact to WWTP
March 10t, 1995 ~16,000 cfs Water entered treatment plant
site. No permit violations.
February 3+, 1998 ~14,500 cfs Water entered treatment plant
site. No permit violations
March 11, 2011 ~6,000 cfs No water onsite. No permit
violations.
January 9%, 2017 ~5,500 cfs No water onsite. No permit
violations.
January 11t, 2017 ~6,700 cfs No water onsite. No permit
violations.
February 21¢, 2017 ~9,200 cfs No water onsite. No permit
violations
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Figure 5 - Downstream Lagoon Levels during recorded storm events

10




234  Carmel River FREE Project Effect on Extreme River Flow Events

The Carmel River Floodplain Restoration and Ecosystem Enhancement (FREE) Project is a flood
control project being developed by the Big Sur Land Trust and the County of Monterey to
protect Hwy 1 and homes on the North Side of the Carmel River from impacts due to floods.
The project as is currently defined will divert approximately 8,000 cfs (30% of total flow) from
the main river channel adjacent to the CAWD WWTP to the South Arm of the Carmel Lagoon.
The modeling conducted by the project proponents suggests that this will reduce the flood
elevation at the CAWD WWTP by about 1 ft. A 2015 modelling report by Balance Hydrologics
for the Carmel River Free Project is provided in Appendix C. Figure 6 shows modelling of the
CAWD WWTP by Balance Hydrologics in 2015 done for the Carmel River FREE Project. The
model shows the base flood elevation at the upstream (East side) of the CAWD WWTP as 19.1
feet and about 16.1 feet at the downstream (West side) of the treatment plant. It also shows the
reduction in flood elevation estimated as a result of the project.

The 19.1 feet base flood elevation at the eastern boundary of the WWTP is consistent with the
flood modelling by ESA and Schaff & Wheeler.
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Section 3: Impacts Analysis

Evaluation of impacts to the wastewater treatment plant by flooding was conducted by a
threshold analysis that compares vulnerable elevations to projections of the flood water levels
over time.

3.1 Threshold Analysis

Vulnerable CAWD assets were compared with the exposure analysis described in Section 2 to
determine threshold timeframes of impact. Vulnerability thresholds were developed with the
following procedure:

Tabulation of asset elevations where temporary or extended loss of service would occur.

e ESA’s lagoon modeling was used to compute flood levels in Carmel Lagoon under
future conditions with a set of sea-level rise values (Table 2 and Table 4).

e Fitted curves were developed using the water level predictions in Table 1 and 4. These
allow prediction of flood levels in the lagoon for any year between 2000 and 2100.

e Asset elevations were compared to the fitted curves to give an expected timeline for
impacts.

Figure 7 is a map showing the WWTP assets with Building Numbers and Figure 8 is an aerial
photo of the WWTP.
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Figure 7 - WWTP Building Number Plan
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Figure 8 - CAWD WWTP Aerial
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3.1.1 Threshold Analysis - Vulnerable Assets

Flooding impacts in Table 6 are assessed for any assets that were found to be vulnerable within
the modelling timeframe for the potential flooding scenarios described in Table 2 and Table 4.
These are:

e 100-yr River Flooding (RCP 8.5) — Limited duration flooding due to heavy rainfall and
fluvial flooding.

e Moderate Storm with Closed Lagoon Inundation — Temporary increase in lagoon levels
due to collection of moderate storm river flows behind closed sand bar.

e Backwatered Lagoon Inundation — Long term water levels at the WWTP created from
sea level rise impact on normal lagoon levels. Groundwater elevations are likely to
equilibrate with this surface water level.

Table 6 also contains information on the assets as to whether it is critical to the Secondary
Treatment Plant process and the potential adaptation strategy to deal with sea level rise
projections.
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Table 6 - Vulnerable Assets And Approximate Time Thresholds Of Impact

Asset
Designed to Timing of Timing of
Operation  Operate thru  100-yr River Backwatered
Critical for  Flood Water Flooding Timing of Closed Lagoon
Building Secondary Elevation Impact Lagoon Moderate  Inundation
# Description Treatment (feet NAVD) (RCP 8.5) Storm Impact Impact Notes Adaptation Strategy
Treatment Plant Assets
Receive fats-oils-grease and ground . o .
ub food waste from erocery stores Demolish assets. Rebuilding to a higher
29 Grease Receiving Station No 16.7 Existing 2060 beyond 2100 P . 8 y ' elevation could be an option but would
Not required to accept the waste, can .
. depend on payback analysis.
stop at anytime.
ired. A date floodi
35 Storage Building No 16.8 Existing 2066 beyond 2100 Not used in treatment plant process. None require (?comnTo ‘a ¢ flooding ot
demolish building.
N ired. A date floodi
34 Maintenance Shop No 16.84 Existing 2067 beyond 2100 Not used in treatment plant process. onc‘e require Ccomm.o ate Hoocing of
build new elevated maintenance shop.
. _— - . None required. Relocate vehicles offsite
33 Vehicle Storage Building No 16.87 Existing 2067 beyond 2100 Not used in treatment plant process. .
during flood.
Storace of materials and equipment Remove from site or place on an elevated
44 Conex Storage No 17 Existing 2070 beyond 2100 & - cduip ' concrete pad or anchor to protect structure
Can be removed from site. .
from flooding.
Not a structure. Dewatering can be
ffline f tended periods by usi
oTine fot extended perlocs by Hsing Adapt treatment strategy during winter
the standby digester for additional months by having second digester empty and
28 Sludge Trailer Yes 17.62 Existing 2078 beyond 2100 sludge storage. Therefore transport . Y 8 Se & Py
. . available for storing digested sludge onsite for
truck could be relocated offsite during .
. . long periods (~30 days of storage).
a flood event without impacts to
treatment.
. . Pile supported below ground flow ) . .
S dary Effluent D A date b tall ter tight
13 ccondaty BHHEnt Hiversion Yes 17.95 2040 2080 beyond 2100  diversion structure (Approx 10 ft x 20 o OCAE PY INSFATING Water HEAt access
Structure lids.
ft x 15 ft deep).
Pile supported structure for . . .
A 11 h
14A Chlorine Contact Channels Yes 17.98 2040 2080 beyond 2100 disinfection contact of treated effluent ccommodate by mslt;llslng water tight access
before discharge to the ocean. '
11 t that i A date by raising top of t
30 Ops Building Restroom Sump No 18 Existing 2081 beyond 2100 S.m a- conerete SUmp mat receives on CCOMmOMaTE by raising fop of Sumps 1o
site restroom drainage. above flood level.
. . . Not designed to operate during flood s .
17 M1crof1ltrat10n/1‘(e‘zverse Osmosis No 18.05 2025 2081 beyond 2100 event. MF/RO System is not required Protect by bulldmg a three foot Y'ugh flood
Facility . wall on top of existing foundation slab.
for NPDES permit.
Storace of materials. Can be removed Remove from site or place on an elevated
44 Conex Storage No 18.5 2045 2086 beyond 2100 & ' concrete pad or anchor to protect structure

from site.

from flooding.

17



Asset

Designed to Timing of Timing of
Operation  Operate thru 100-yr River Backwatered
Critical for  Flood Water Flooding Timing of Closed Lagoon
Building Secondary Elevation Impact Lagoon Moderate  Inundation
# Description Treatment (feet NAVD) (RCP 8.5) Storm Impact Impact Notes Adaptation Strategy
11 h i A isi f
38 Lunch Room Restroom Sump No 18.6 Existing 2086 beyond 2100 Sma concrete su'mp that receives on ccommodate by raising top of sumps to
site restroom drainage. above flood level.
16 Gypsum Silo No 19 2040 2091 beyond 2100 For Recyc?ed Water pH control. Not A‘F)and.on or feplace ‘wiich a calcium carbonate
currently in use. filter in Tertiary Building above flood level.
Basement was designed to flood. No
equipment is in the basement. Office
30 Operations Building First Floor No 19.37 Existing 2094 beyond 2100 equ1pme‘nt is located on the first floor None required. Accommodate flooding in
and Basement at elevation 19.04 ft. Main power future.
Switchgear is located on second floor
at elevation 24.75 ft.
Structure would not be damaged by None required. Accommodate flooding in
. . . flooding. Small pump is vulnerable, future. Could elevate pump to higher
42 Ferric-Chloride Storage No 19.38 Existing 2094 beyond 2100 . .. .
but can be offline for extended elevation in future. Or extend containment
periods. wall to higher elevation.
Skid mounted unit. Floodable without Accommodate flooding by raising the waste
26 Waste Gas Burner No 19.45 2030 2095 beyond 2100 damage for 72 hrs. Can be bypassed if Oclng by Taising
. gas burner skid up on existing slab.
required.
Manbhole j f infl Main WWTP Infl Manbhol h A installi igh
1 anhole just upstreafm of influent Yes 19.6 Existing 209 beyond 2100 ain ; nfluent Manhole Sout Ccommodat? by ms‘ta' ing water tight access
pump station of Carmel River on WWTP Property lid or raising grade.
None required. Accommodate flooding in
37 Office Trailer A No 19.83 Existing 2098 beyond 2100 Not used in treatment plant process. future or build a new elevated office
building/break room.
None required. Accommodate flooding in
39 Office Trailer B No 19.83 Existing 2098 beyond 2100 Not used in treatment plant process. future or build a new elevated office
building/break room.
None required. Accommodate flooding in
40 Oftfice Trailer C No 19.83 Existing 2098 beyond 2100 Not used in treatment plant process. future or build a new elevated office
building/break room.
None required. Accommodate flooding in
38 Employee Break Building No 20.01 Existing 2100 beyond 2100 Not used in treatment plant process. future or build a new elevated office
building/break room.
Pumps station is designed to be Protect by moving electrical panel to higher
43 Storm water Pump Station No 20.3 2030 beyond 2100 beyond 2100 flooded. Electrical controls are Y g eiee P &
. . elevation in future.
vulnerable to sustained flooding.
. None required. Accommodate flooding in
31 Locker Room No 20.47 2032 beyond 2100 beyond 2100 Not used in treatment plant process.

future.
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Asset

Designed to Timing of Timing of
Operation  Operate thru 100-yr River Backwatered
Critical for  Flood Water Flooding Timing of Closed Lagoon
Building Secondary Elevation Impact Lagoon Moderate  Inundation
# Description Treatment (feet NAVD) (RCP 8.5) Storm Impact Impact Notes Adaptation Strategy
Pile supported tank structure holds
. g disinfected secondary treated water. .
15 Tertiary Building No 20.59 2035 beyond 2100 beyond 2100 . . . Protect by raising tank walls.
Tertiary system is not required for
NPDES permit.
D1e§e1 and Gasol‘me storage tanks for Accommodate by raising air vent higher.
41 Vehicle Fuel Storage No 22 2060 beyond 2100 beyond 2100 vehicles and equlpm?nt. Tanks are Could also elevate the tanks on an elevated
anchored and watertight and the air
. . concrete structure.
vent is elevated to elevation 22 ft.
Collection System Assets Near Carmel River
PBCSD Sewer Manholes on North
Side of Carmel River Main Sewer Yes 154 Existing 2030 2090 Manhole near River Bank Accommodate by installing water tight lids.
Crossing (Two Manholes)
CAWD Sewer Manholes on North
Side of Carmel River Main Sewer Yes 17.9 Existing 2040 beyond 2100 Manhole near River Bank Accommodate by installing water tight lids.
Crossing
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3.1.2  Threshold Analysis — Critical Assets

A limited number of assets shown in Table 6 are critical to the operation of the CAWD WWTP.
These assets should be the first to be addressed in adaptation. The critical assets to the operation
of the CAWD WWTP are summarized in Table 7.

20



Table 7 - Critical Treatment Assets And Approximate Time Thresholds Of Impact of 100-yr Storm (RCP 8.5)

Building # | Treatment Process Required Level of Service Assets Designed for | Timing of Potential Timing of Potential | Description of Impact Adaptation Strategy
Flood at Elevation RCP 8.5 Flood Impact | RCP 8.5 Flood
(Med-High Risk Impact (Extreme
Aversion) Risk Aversion)
- Conveyance Manholes Convey Wastewater into 15.4 to 19.6 ft Existing Existing River inflow into WWTP Install water tight lids.
Upstream of Influent Influent Pump Station Influent Pump Station could
Pump Station cause sewer overflows.
1 Influent Pump Station Pump Wastewater Into 23.53 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Influent Headbox Horizon
2 Influent Headbox Convey Wastewater to 29.50 ft Beyond 2100 Beyond 2100 Impact Outside 2050 Planning | Subject to future planning
Headworks by Gravity Horizon
3 Headworks Removes Grit and Rags from 29.46 ft Existing Existing Potential for flooding in Need to replace old basement flood
Wastewater basement due to old flood door.
door.
4A and 4B | Primary Clarifiers Removes Settleable Solids 23.59 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
from Wastewater Horizon
7A and 7B | Aeration Basins Removes Nutrients from 23.48 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Wastewater Horizon
8 Aeration Blowers Provides Air for Aeration 24.49 ft 2085 2065 Impact Outside 2050 Planning | Subject to future planning
Basins Horizon
12 RAS/WAS Pump Station Supports Aeration Process 23.67 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Horizon
11A and | Secondary Clarifiers Removes Suspended Solids 23.62 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
11B Horizon
13 Secondary Effluent Conveys Secondary Effluent 17.95 ft 2040 2035 Inflow into Chlorine Contact Install water tight lids.
Diversion Structure to Chlorine Contact Channels Channels could cause overflow
of treated secondary effluent.
14A Chlorine Contact Channels | Provides Contact Time for 17.98 ft 2040 2035 Inflow into Chlorine Contact Install water tight lids.
Disinfection Channels could cause overflow
of treated secondary effluent.
14B Chlorination Building Monitoring of Disinfection 23.62 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Process Horizon
36 Hypo/SBS Facility Feeds Disinfection and 23.75 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Dechlorination Chemicals Horizon
before Final Effluent
18 Effluent Pump Station Pumps Final Effluent to 23.5 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
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Building #

Treatment Process

Required Level of Service

Assets Designed for

Timing of Potential

Timing of Potential

Description of Impact

Adaptation Strategy

Flood at Elevation RCP 8.5 Flood Impact | RCP 8.5 Flood
(Med-High Risk Impact (Extreme
Aversion) Risk Aversion)
Ocean Horizon
20 Dissolved Air Flotation Thickens Plant Waste and 23.75 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Thickener sends it to Digesters Horizon
21 and 22 | Digesters Removes pathogens from 37 ft Beyond 2100 Beyond 2100 Impact Outside 2050 Planning | Subject to future planning
Sludge Horizon
23 and 25 | Digester Control Buildings | Supports Digesters 23.57 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Horizon
26 Waste Gas Burner Burns Digester Gas not Used Raise or modify waste gas burner so
in Cogen or Boiler . . that the burners are at a higher
19.45 2030 2030 Flaring could be impacted for elevation. The controls can be
about 1 day. .
submerged. Or burn all gas in
digester heater.
27 Dewatering Building Removes liquid from Sludge 23.60 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
so Solids can be disposed of Horizon
28 Sludge Trailer Transports Solids off-site. 17.62 ft Existing Existing May be difficult to drive Use redundant Digester for
sludge transport truck. If emergency sludge storage.
flooding duration is less than 1
week there may be no impact.
30 Main Power Switchgear Distribution Center for PG&E 25 ft 2100 2082 Impact Outside 2050 Planning | Subject to future planning
and Standby Power Horizon
1 Standby Power Generator | Provides Power in Case of a 23.53 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
PG&E Outage Horizon
1 Standby Generator Fuel Provides Fuel for Standby 24.2 ft 2080 2062 Impact Outside 2050 Planning | Subject to future planning
Tank Generators Horizon
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Section 4: Conclusion

The CAWD WWTP was originally designed to continue to operate during and after flood
events which were known to occur at the time of the design of the existing facilities. The CAWD
WWTP has operated through multiple flood events in the past, and the CAWD WWTP has been
at the current site treating sewage for over 100-years.

The sea level rise projections do not identify new hazards to the WWTP of greater concern than
the 100-year flood risks that CAWD has previously planned for. However, increased storm
intensities as well as higher sea levels may increase the base flood elevations. According to this
study increased storm intensity as well as sea level rise will not detrimentally effect the CAWD
WWTP before the year 2062 under the “Extreme Risk Aversion” scenario. This allows for over
40-years of continued operation in the existing location. Furthermore, the next 40 years will
provide time for CAWD to evaluate future improvements of increasing flood resiliency at
higher levels vs. potentially relocating the WWTP.

The worst case projections contained in this report assume that sedimentation at the lagoon
sandbar will increase with sea level rise. However, it is foreseeable that sedimentation will not
increase with sea level rise. If this were the case the increases in 100-year fluvial flood levels will
not change significantly over the next 50-years. Furthermore, the higher 100-year fluvial flood
projections did not take into account the increased area of the flood plain as flood levels
increase. In reality the increased flooded area will reduce the flood elevations at the WWTP

from what is projected in this report.
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Appendix A

Carmel Area Wastewater District Sea-Level Rise Vulnerability
Assessment, Climate Change Impact Analysis and Adaptation Strategies,
ESA December 2018




































































































































































































































































































































































































Appendix D

Wastewater Asset Vulnerability
and Adaptation Table and Maps






Potentially Vulnerable Infrastructure to Sea Level Rise or Carmel River Flooding

End of Monte Verde

Cleanout and
Manhole on River
Park Place

Two Manholes on
South End of Camino
Real

Monte Verde and
16 Pump Station

low elevation and near
the Carmel River
Lagoon

Cleanout in street at
low elevation and near
the Carmel River
Lagoon

Manholes in street at
low elevation and near
the Carmel River
Lagoon

Pump Station at low
elevation and near the
Carmel River Lagoon

11.6 ftand 12.6 ft

9.4 ftand 13.5 ft

15 ft

Elevation Rise

Carmel Lagoon
Elevation Rise

Carmel Lagoon
Elevation Rise

Carmel Lagoon
Elevation Rise

e Raise Street Elevation

o Install Watertight Lid

e Coat/Seal Interior of Manhole to
limit groundwater intrusion

e Raise Street Elevation

e Install Watertight Lid

e Coat/Seal Interior of Manhole to
limit groundwater intrusion

e Raise Street Elevation

o |nstall Watertight Lid

e Coat/Seal Interior of Wet Well to
limit groundwater intrusion

Name Description Vulnerable Threat Adaptation Options Map Key
Elevation
Collection System Assets Near Lagoon
Manhole at 17""and  Manhole in street at 9.6 ft Carmel Lagoon e Install Watertight Lid
Carmelo St low elevation and near Elevation Rise e Coat/Seal Interior of Manhole to
the Carmel River limit groundwater intrusion
Lagoon e Raise Street Elevation
e Reroute Sewer
Manhole on Manhole in street at 10.5 ft Carmel Lagoon e Install Watertight Lid
Carmelo St North of  low elevation and near Elevation Rise e Coat/Seal Interior of Manhole to
17t the Carmel River limit groundwater intrusion
Lagoon e Raise Street Elevation
e Reroute Sewer
Laterals for homes Laterals for homes at 10 ft Carmel Lagoon e |nstall Sewer Popper SRVs to stop
on East Side of low elevations. Elevation Rise inflow
Carmelo St
Cleanout on South Cleanout in street at 13.1ft Carmel Lagoon e Install Watertight Lid




Name Description Vulnerable Threat Adaptation Options Map Key
Elevation
e Raise Street Elevation
e Relocate Pump Station
Laterals for homes Laterals for homes at 10 ft Carmel Lagoon o Install Sewer Popper SRVs to stop
on Monte Verde, low elevations. Elevation Rise inflow
Park Place, and
Camino Real
Manhole at East End = Manhole in street at 12.2 ft Carmel Lagoon o Install Watertight Lid

of 16"

Two Manholes at
Mission Ranch

low elevation and near
the Carmel River
Lagoon

On Mission Ranch
property near the

15.5 ft (12.3 ft

owned by Mission

Elevation Rise

Carmel Lagoon
Elevation Rise

e Coat/Seal Interior of Manhole to
limit groundwater intrusion

e Raise Street Elevation

e |nstall Watertight Lid

e Coat/Seal Interior of Manhole to

Carmel River Lagoon Ranch) limit groundwater intrusion
e Raise Manhole Elevation
Calle La Cruz Pump Pump Station on South 19.7 ft Carmel Lagoon e Make Structure
Station Side of Carmel Lagoon Elevation Rise Watertight/Completely Bury
Station
o Relocate Pump Station
CAWD WWTP 24-inch Diameter 9 ft Carmel Lagoon e Bury Lagoon Crossing
Qutfall Lagoon Treated Effluent Pipe Elevation Rise
Crossing from WWTP to Ocean

Qutfall

Collection System Assets Near Carmel River

Sewer Manholes on

North Side of Carmel

River Main Sewer
Crossing

Manhole near River
Bank

15 ftto 17 ft

Carmel River
Flooding

e |nstall Watertight Lid

e Coat/Seal Interior of Manhole to
limit groundwater intrusion

e Raise Manhole Elevation

Manholes in Mission
Fields Neighborhood

Manholes serving
Mission Fields
Neighborhood on North
Side of Carmel River

Varies: 16 ft to 25

ft

Carmel River
Flooding

e Install Watertight Lid

e Coat/Seal Interior of Manhole to
limit groundwater intrusion

o Raise Street Elevation




Name Description Vulnerable Threat Adaptation Options Map Key
Elevation

Laterals for homes Laterals for homes at 16 ft Carmel River e Install Sewer Popper SRVs to stop

in Mission Fields low elevations. Flooding inflow 1l

Neighborhood

Hacienda Pump Pump Station Up River 51 ft Carmel River e Install Watertight Lid

Station on South Bank of Flooding e Relocate Pump Station ]|
Carmel River

Collection System Assets Near Pacific Ocean

Bay and Scenic Pump Station located Height of Seawall = Ocean o Raise/Rebuild Seawall

Pump Station on bluffs potential 16 ft Inundation/Erosion e Relocate Pump Station
subject to coastal e Use (e) wet well with submersible 1
erosion. pumps and relocate electrical to

East Side of Scenic Drive

8™ and Scenic Pump  Pump Station located 28.8 ft Ocean e |nstall Watertight Lid

Station on landside of Carmel Inundation/Erosion e Relocate Pump Station 2
Beach e Build Wall Around Pump

Station/Raise Station

Wastewater Treatment Plant

Manhole just Main WWTP Influent 19.6 ft Carmel River e Install Watertight Lid

upstream of Influent = Manhole South of Flooding e Coat/Seal Interior of Manhole to

Pump Station Carmel River on WWTP limit groundwater intrusion
Property e Build Flood Wall Around Manhole

Chlorine Contact Treated/chlorinated 18 ft Carmel River o |nstall Watertight Lids

Channels effluent in an Flooding e Build Flood Wall Around Structure
underground structure i
that has inlets below
flood level

Ferric Feed to Pump and Tank for 19 ft Carmel River e Take offline during a flood.

Digester feeding Ferric Chloride
into Digester for H2S

control

Flooding




Name

Description Vulnerable Threat Adaptation Options Map Key
Elevation
Restroom Sumps Wet wells that receive 20 ft Carmel River e Raise top of Sumps
(Typ 2) on site restroom Flooding e Coat/Seal Interior of Manhole to
drainage limit groundwater intrusion i
Buried Structures Concrete tanks or 10 ft Groundwater e Seal any cracks in Buried Concrete
buildings that extend Intrusion Structure Walls/Floors

below grade
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Appendix B

Schaff and Wheeler 2014, Review of Hydraulic Models for Lower Carmel
River




Schaaf & Wheeler 1171 Homestead Rd., Suite 255

Consulting Civil Engineers Santa Clara, CA 95050
(408) 246-4848

FAX (408) 246-5624

TECHNICAL MEMO

TO: Drew Lander DATE: February 18, 2014

FROM: Jim Schaaf JOB #: CARM.01.13
Daniel J. Schaaf
Lawrence Johnson

SUBJECT: Review of Hydraulic Models for Lower Carmel River

Schaaf & Wheeler has reviewed the recent hydraulic modeling of the Lower Carmel River and
plans to provide flood protection to neighborhoods along the north bank. This review focuses
on how the model techniques represent the potential hydraulics of the existing treatment plant
site along with the potential impacts on the site from proposed improvements. The duplicate
Flood Insurance Study (FIS) hydraulic model for the Lower Carmel River was provided by Balance
Hydrologics, Inc. for assessing potential impacts to the Treatment Plant based on various
modeling assumptions.

HEC-RAS Model Background:

The channel reaches of interest are Channel 3 (CHNLO3) and the right and left overbanks
(FLDPLN1 and FLDPLN2 respectively). Channel 3 extends from approximately 4100 feet upstream
of Highway 1 to just downstream of the Carmel Area Water District Treatment Plant. The left and
right overbanks are modeled as separate reaches. (see Figure 1)

The following outlines the various modeling assumptions and flow scenarios.

Base Plan

The base plan used for analysis and comparison was the With-Levee condition where both
levees are assumed to hold. The flow profiles and based on the 100-year FEMA flow rate and
the normal depth tidal boundary condition. Channel 'n' values range from 0.04 to 0.075, south
overbank 'n' values were set at 0.04. Flow spilling from the main channel to the south overbank is
simulated using lateral weirs with a coefficient of 2.0. The model cross sections do not include
obstructions for the physical buildings on the site. In general, this modeling approach appears
standard for FEMA studies.

Treatment Plant Obstructions

To better simulate the treatment plant flooding, the portions of the model cross sections that
pass through structures on the plant site were blocked using obstructions in the HEC-RAS
geometry. Ineffective flow blockages were also added to cross sections using 1:1 encroachment
for structures in the upstream direction and 4:1 encroachment for structures in the downstream
direction (see figure 2). A comparison was made with and without these blockages to determine
the impact on the channel and overbank 100-Year water surface elevations. (see Table 2)

February 18, 2014 1 Schaaf & Wheeler
Consulting Civil Engineers



Figure 2: Treatment Plant Obstructions (shown in Black)
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Figure 3: Typical Cross Section with Treatment Plant Obstructions
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Carmel River

Adjust Lateral Weir on Channel 3

The lateral weirs on Channel 3 were modified to better depict the controlling high points for
channel overflows to the south overbank. Lateral weirs (5199 through 4194) were moved from
the left overbank station to the left bank station of the corresponding cross sections. The
remaining lateral structures (numbered 5784 through 5399) remained positioned on the left
overbank station of Channel 3. Figure 3 and Figure 4 show the adjustment of the lateral
structures within the HEC-RAS geometry file. The lateral structure elevations were assumed to be
the high points of each connected cross section with linear interpolation between cross sections.
A comparison was made with and without the lateral weir adjustment in order to determine the
impact on the channel and overbank 100-Year water surface elevations. (see Table 2)This
comparison includes the Treatment Plant obstructions to the cross sections.

Figure 3: Original Lateral Structure (shown in Red)
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Carmel River

Figure 4: Adjusted Lateral Structure (shown in Red)

Modify the south overbank Manning’s n

There has been significant vegetative growth in the floodplain south of the main channel. The
Manning’s “n” for the south overbank (FLDPLN 2) was increased from 0.04 to 0.10 to better
depict existing roughness conditions. A comparison was made with and without the Manning’s
“n” modification to see the impact on the channel and overbank 100-Year water surface
elevations (see Table 2). This comparison included the lateral weir adjustment and the Treatment
Plant cross section obstructions.

Wall to the perimeter of the Treatment Plant

For this analysis the Treatment Plant site was assumed to be removed from effective flow by a
wall constructed to protect the plant from 100-Year flood event. The model cross sections were
altered with blocked obstructions for the entirety of the plant site (see figure 5). A comparison
was made with and without this obstruction in order to assess the impact that constructing a wall
would have on the surrounding floodplain for the 100-Year event (see Table 2). This comparison
included the lateral weir adjustment.

February 18, 2014 4 Schaaf & Wheeler
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Carmel River

Figure 5: Completely obstructed Treatment Plant in HEC-RAS

Proposed Wall on the north side of Channel 2

The proposed floodwall on the north bank was added to the updated model based on the
geometry provided by Balance Hydrologics. A comparison was made with and without the
addition of the proposed wall in order to assess its impact on the channel and overbank for the
100-Year water surface elevations. This comparison also included the lateral weir adjustment,
Manning’s “n” adjustment in the south overbank, and the treatment plant cross section
obstructions.
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Carmel River

Figure 6: Proposed wall upstream of sandbar

Tailwater Sensitivity Analysis:

The tailwater boundary conditions were modified in order to gauge the models sensitivity to
changes in the downstream water surface. The following tailwater scenarios were performed on
the 100 year “base” model:

e Ciritical Depth

e Normal Depth with ineffective flow assumed for the sandbar with 1:1 upstream
encroachment.

e Ciritical Depth with ineffective flow assumed for the sandbar with 1:1 upstream
encroachment.

¢ Known Water surface of 12.60 FT based on the Lagoon Stage flood frequency analysis

e Known water surface of 12.60 FT based on the Lagoon Stage flood frequency analysis,
plus ineffective flow assumed for the sandbar with 1:1 upstream encroachment.

The WSELs for each of the tailwater scenarios (shown in Table 1) were compared to the 100 year
“base” model to determine any potential impact of WSELs at the Treatment Plant. Table 1
illustrates that the model is sensitive to the downstream boundary condition in regards to WSELs
at the Treatment Plant. Additional tailwater analysis was then performed on Scenarios 4, 6, 8,

February 18, 2014 6 Schaaf & Wheeler
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Carmel River

and 9 assuming the worst case boundary condition (i.e. Normal Depth with ineffective flow). The
results are shown in Table 3

Table 1

TAILWATER SENSITIVITY: 100YR, BASE MODEL FOR ALL CASES

Downstream Max Change in Channel Distance of

Boundary WSEL @ Tailwater Impact Starting Tailwater WSEL
Condition Treatment Plant P

Normal Depth NA NA 11.88 FT
Critical Depth -1.01 FT 3388 FT 7.23FT
"Normal Depth plus

ineffective flow

from Sandbar @ 274 FT 4195 FT 1417 FT
1:1 U/S

Critical Depth plus

ineffective flow

from Sandbar @ 0.38FT 3183 FT 8.30 FT
1:1 U/S

12.60FT Lagoon 46 FT FT 126 ET
Stage FFA 0.46 3530 .6
'12.60FT Lagoon

Stage FFA,; plus

ineffective flow 1.68 FT 3986 FT 126 FT
from Sandbar @

1:1 U/S

1Sandbar is assumed to be 200FT wide with 1:1 ineffective flow encroachment upstream.
NOTE: the Treatment plant encompasses cross sections 3986.407 through 2785.078 of the
main channel.

Summary:

The following tables summarize the comparisons made per the modeling assumptions and
scenarios identified above along with additional scenarios indentified in the table matrix. The
values below reflect the maximum impact that each scenario had on each overbank and
channel cross sections. The maximum water surface elevations at the Treatment Plant are also
provided for each case.

Adding the treatment plant obstructions to the channel cross sections shows a slight
increase in 100-year WSELs at the plant by reducing the conveyance area.

Adjusting the lateral weir allows more flow to remain in the channel with less spilling to the
south overbank. This creates higher water surface elevations in the channel and an
increase in the maximum WSEL at the Treatment Plant.

The modification of the Manning’s “n” in the south overbank only impacts WSELs within
the south overbank and does not affect the WSEL at the Treatment Plant.

Constructing a wall around the Treatment Plant increases channel WSELs along with the
potential risk of overtopping the right levee allowing spills to the north overbank.

The model is sensitive to changes in the downstream boundary conditions in regards to
changes in WSELs at the treatment plant.

Lastly, adding the proposed wall upstream of the sandbar has no significant effect on
100-year WSELs in channel or the overbanks.
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Carmel River

TABLE 2
ARIO ANA
BASE SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO
MODEL CHANGES MODEL 1 2 3 4 5 6 7 )
TP OBSTRUCTIONS X X X X
ADJUSTED WEIR X X X X X X
MODIFIED MANNINGS "N" X X X X
WALL AROUND TREATMENT PLANT X X X X
PROPOSED WALL X X X
RETURN
PERIOD SEL (NG!
MAX CHANGE IN CHANNEL - 1.74 0.1 1.75 1.75 0.32 217 1.75 217 0.32
MAX CHANGE IN ROB - 0.08 0 0.07 0.07 0 0.02 0.08 0.02 0
100 YR | MAX CHANGE IN LOB - 0.69 0.04 0.7 2.42 0.12 2.42 242 2.42 0.12
MAX WSEL @ TP 16.35 16.65 16.45 16.92 16.92 16.67 18.11 16.92 18.12 16.67
MAX WSEL @ 470.977 12.9 12.88 12.91 12.88 13.62 12.93 13.68 13.63 13.69 12.94
MAX VELOCITY (FT/S) @ 470.977 4.52 4.32 4.61 4.35 3.89 4.78 3.99 3.89 3.98 4.77
MAX CHANGE IN CHANNEL - 1.28 0.11 1.29 1.29 0.13 1.32 1.29 1.32 0.13
MAX CHANGE IN ROB - 0.04 0.03 0.04 0.04 0.03 0 0.04 0 0.03
10yR | MAXCHANGE INLOB - 0.74 0.04 0.75 3.08 0.14 3.1 3.08 3.1 0.14
MAX WSEL @ TP 15.42 15.48 15.41 15.53 15.53 15.5 15.83 15.53 15.83 15.5
MAX WSEL @ 470.977 8.68 8.67 8.68 8.67 9.57 8.69 9.59 9.57 9.59 8.69
MAX VELOCITY (FT/S) @ 470.977 3.96 3.9 4.01 3.91 3.04 4.16 3.06 3.04 3.06 4.15
MAX CHANGE IN CHANNEL - 1.64 0.1 1.65 1.65 0.26 1.84 1.65 1.84 0.26
MAX CHANGE IN ROB - 0.12 0 0.11 0.11 0 0.06 0.11 0.06 0
50 YR MAX CHANGE IN LOB - 0.82 0.03 0.83 2.24 0.1 2.28 2.24 2.28 0.1
MAX WSEL @ TP 16.15 16.37 16.19 16.59 16.59 16.38 17.33 16.59 17.33 16.38
MAX WSEL @ 470.977 11.87 11.86 11.88 11.86 12.57 11.9 12.61 12.58 12.61 11.91
MAX VELOCITY (FT/S) @ 470.977 4.22 4.03 4.29 4.04 3.57 4.45 3.62 3.56 3.62 4.44
MAX CHANGE IN CHANNEL - 2.05 0.19 2.07 2.08 0.42 248 2.08 2.48 0.42
MAX CHANGE IN ROB - 0.04 0 0.04 0.04 0 0.01 0.04 0.01 0
500 YR | MAX CHANGE IN LOB - 0.42 0.08 0.43 3.08 0.17 3.08 3.08 3.08 0.17
MAX WSEL @ TP 16.91 17.31 17 17.64 17.68 17.33 18.78 17.68 18.78 17.33
MAX WSEL @ 470.977 14.9 14.86 14.92 14.86 15.69 14.96 15.77 15.69 15.77 14.96
MAX VELOCITY (FT/S) @ 470.977 5.26 5.03 5.34 5.06 4.58 5.54 4.69 4.58 4.69 5.54
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RETURN
PERIOD

Table 3
DO REA BO DAR OND 0 A
BASE BASE SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO | SCENARIO
MODEL CHANGES MODEL MODEL 4 4b 6 6b 8 8b 9 9
TP OBSTRUCTIONS X X
ADJUSTED WEIR X X X X X X
MODIFIED MANNINGS "N" X X X X X X
WALL AROUND TREATMENT
PLANT X X X X X X
PROPOSED WALL X X X X
TAILWATER AT NORMAL DEPTH X X X X X
"TAILWATER AT NORMAL DEPTH
PLUS INEFFECTIVE FLOW FROM X X X X X

SANDBAR

WSEL (NGVD29)

MAX CHANGE IN CHANNEL - 2.94 1.75 2.95 217 2.95 217 2.99 0.32 2.94
MAX CHANGE IN ROB - 2.67 0.07 272 0.02 271 0.02 276 0 2.67
100 YR MAX CHANGE IN LOB = 3.15 2.42 3.21 2.42 3.2 2.42 3.2 0.12 3.11
MAX WSEL @ TP 16.35 16.7 16.92 17.32 18.11 18.13 18.12 18.14 16.67 17
MAX WSEL @ 470.977 12.9 15.74 13.62 16.02 13.68 16.04 13.69 16.04 12.94 15.75
MAX VELOCITY (FT/S) @ 470.977 4.52 3.23 3.89 2.93 3.99 3 3.98 3 4.77 343

1Sandbar is assumed to be 200FT wide with 1:1 ineffective flow encroachment upstream.
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Appendix C

Balance Hydrologics 2015, Anticipated Changes in Downstream Base
Flood Elevations Due to the Carmel River Floodplain Restoration and
Environmental Enhancement Project




BALANCE HYDROLOGICS, Inc.

MEMO

To: Josh Harwayne (Denise Duffy & Associates)
From: Edward Ballman, P.E.

Date: August 26, 2015

Subject:  Anticipated Changes in Downstream Base Flood Elevations Due to
the Carmel River Floodplain Restoration and Environmental
Enhancement Project

At your request Balance Hydrologics has reviewed the hydraulic modeling analyses prepared
earlier for the Carmel River Floodplain Restoration and Environmental Enhancement Project
(CRFREE) in order to characterize anticipated changes in downstream flood elevations. The
focus of this review has been on Base Flood Elevations (BFEs), also known as 100-year flood
elevations, since they are the primary regulatory standard for County ordinances and regulations
under the National Flood Insurance Program. Specific areas of interest include various
California Department of Parks and Recreation (State Parks) facilities located on the former
Odello West property just west of State Route 1 and the treatment plant operated by the Carmel
Area Wastewater District (CAWD). This memo summarizes the currently-effective BFE
information and anticipated changes in BFE at each location to better characterize project

impacts with respect to flood control.

Floodplain Mapping Considerations

As you may be aware, the currently-effective FEMA hydraulic modeling for the Carmel River
uses three distinct flow paths to represent the complexities of the river valley west of
approximately Rancho Caflada. These include the main channel, north overbank, and south
overbank. The various flow paths are used to model scenarios that include all levees remaining
intact through the flood event, failure of the south bank levees, and, finally, failure of the north
bank levees. Forthe purposes of the CRFREE project, the main channel and south overbank
flow paths are most pertinent, in no small part because the risk of flooding in the north overbank
would be markedly reduced through implementation of the project.

Our staff reviewed the FEMA modeling files to confirm that they correspond appropriately to the
base flood information shown on the Flood Insurance Rate Map and in the Flood Insurance
Study for this reach of the river. That information is an appropriate base case against which to
measure any impacts from the CRFREE project. Revised hydraulic modeling using the project
geometry was then used to tabulate the predicted post-project BFE values. Predicted flood
elevations do change slightly due to increases in the portion of the flood discharge that would be
conveyed through the south overbank after the floodplain is restored and the new State Route 1
causeway. These changes are summarized briefly below.
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State Parks Properties

State Parks owns and administers Carmel River State Beach, which occupies much of the valley
bottom and lagoon area west of State Route 1. This area includes several structures remaining
from past agricultural activities on the former Odello West property, including sheds and a barn.
These facilities are shown on the attached Figure 1, which also depicts several of the cross-
sections from the hydraulic model runs. The entire area with structures shown in Figure 1 is
within the south overbank portion of the models. Table 1 below summarizes the predicted base
flood elevations at the respective cross-sections for both the pre- and post-project conditions.

Table 1. Predicted base elevations in the vicinity of the State Park barn

Base Flood Elevation (ft, NAVD)

Cross-section Pre-project Post-project Difference
35+45 18.6 18.4 -0.2
33+11 18.0 17.9 -0.1
30+59 17.2 17:3 0.1
28+40 16.9 17.1 0.2

The model output summarized in Table 1 shows that base flood elevations are predicted to both
decrease and increase along the reach with the State Park structures. At the eastern end, nearer
the highway, BFEs are shown to decrease slightly due to the fact that under existing conditions
floodwaters have to flow over the roadway and do not then have a defined channel down to the
lagoon. In the post-project condition the causeway and restored floodplain channel prevent
roadway overflow and let water move more efficiently down to the lagoon even though the flow
rates are higher. However, far enough to the west, the effect of the increased south overbank
flow predominates and there is a slight increase in the post-project case, reaching a maximum of
0.2 feet (2.5 inches) at the western end of the barn structure.

The area immediately adjacent to the barn structure and other outbuildings is subject to shallow
flooding under existing conditions, with flood depths generally on the order of one to two feet.
Should mitigation be desired for the small increase in base flood elevation, it could readily be
achieved through a modest increase in the elevation of the driveway and construction of a low
berm or wall structure along the west and south perimeter of the pad area.

CAWD Treatment Plant

From a flood modeling perspective, the CAWD treatment plant is uniquely situated along the
border between the main channel and south overbank flow paths. The main channel reach sets
the BFEs for the north, east, and west perimeters of the plant. The south overbank reach defines
the BFEs for the south side. Predicted base flood information is summarized in Table 2.
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Table 2. Predicted base elevations in the vicinity of the CAWD treatment plant

Base Flood Elevation (ft, NAVD)
Cross-section Pre-project Post-project Difference

Main Channel

35+86 gisfni 18.4 -0.7
35+31 17.9 17.2 -0.7
29472 16.1 15.8 -0.3
23475 15.5 155 0.0
South Overbank
29465 17.0 17.2 0.2
26+34 16.7 16.9 0.2
20+99 16.5 16.6 0.1
14+30 16.2 16.3 0.1

The values in Table 2 show that the reduction in the portion of the flood flow conveyed in the
main channel generally leads to decreases in BFEs, especially along the north and east perimeter
of the plant where the channel is much more confined. The increased discharge in the south
overbank is predicted to lead to modestly higher BFEs along the south perimeter (maximum

increase of 0.2 feet).

However, the residual flood risk to the plant is from the main channel, as the south perimeter is
protected by high ground well in excess of the post-project BFE values. Therefore, the modeling
predicts an overall reduction in the flood hazard at the CAWD facility as a result of the CRFREE

project, and mitigation is not necessary.

Closing

Thank you for this opportunity to clarify the impacts of the proposed CRFREE project with
respect to downstream flood elevations.

Do not hesitate to contact us if you have any questions or comments on the design assumptions
and estimates summarized in this memo.
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Appendix D
2009 FEMA Flood Map




National Flood Hazard Layer FIRMette Legend

36°32'32.20"N SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

Without Base Flood Elevation (BFE)

Zone A, V, A99

SPECIAL FLOOD With BFE or Depth Zone AE, A0, AH, VE, AR
HAZARD AREAS Regulatory Floodway

121°55'27.88"W

0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mile zone x

Future Conditions 1% Annual
N Chance Flood Hazard zone x

Area with Reduced Flood Risk due to
Y.

OTHER AREAS OF Levee. See Notes. Zone X
FLOOD HAZARD ',l Area with Flood Risk due to Levee zone D

Area of Minimal Flood Hazard Zone x
[ Effective LOMRs

OTHER AREAS Area of Undetermined Flood Hazard zone D

GENERAL | = === Channel, Culvert, or Storm Sewer
STRUCTURES |11 11111 Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance
Water Surface Elevation

Coastal Transect

Base Flood Elevation Line (BFE)

Limit of Study

Jurisdiction Boundary

)

1!

[ ]

Coastal Transect Baseline
Profile Baseline
Hydrographic Feature

06053 C0316H
eff. 6,21 /2017

BBE S S RN

Digital Data Available

No Digital Data Available
MAP PANELS Unmapped

MONTEREYEEOUNTY:

. Q The pin displayed on the map is an approximate
Da0195

point selected by the user and does not represent
an authoritative property location.

4 This map complies with FEMA's standards for the use of

m digital flood maps if it is not void as described below.
The basemap shown complies with FEMA's basemap
accuracy standards

The flood hazard information is derived directly from the
authoritative NFHL web services provided by FEMA. This map
was exported on 11/30/2018 at 1:02:14 PM and does not
reflect changes or amendments subsequent to this date and
time. The NFHL and effective information may change or
become superseded by new data over time.

This map image is void if the one or more of the following map
elements do not appear: basemap imagery, flood zone labels,
legend, scale bar, map creation date, community identifiers,

e = FIRM panel number, and FIRM effective date. Map images for
Feet 1 6,000 36°32'3.30"N unmapped and unmodernized areas cannot be used for
regulatory purposes.
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