Method to Calculate Sediment Volume Added to
Stream Mouth Bar During Hurricane Harvey
San Jacinto River, West Fork

R.D. Kissling
Sr. Technical Geologist — Major Oil Co. (Retired)

Tim Garfield
Chief Geologist — Major Qil Co. (Retired)

February 24, 2019



Why is this important?

* The sediment dam at the mouth of the
West Fork contributes to upstream flooding

Must be removed quickly to reduce flood risk

Part existed BEFORE Harvey

Legally, FEMA can only fund removal of
sediment deposited DURING Harvey

Challenge: Determine how much sediment
Harvey added



Methodology

1.

Measure above-water growth of mouth bar from
multiple satellite images between 2011 and 2018

Determine percent of above-water growth during
Harvey

Calculate below-water growth using TWDB 2011-2018
difference map

Apply percentage from #2 to #3 to determine
below-water growth during Harvey

Add above- and below-water growth (Steps #2 and #4)
to determine total sediment volume added by Harvey



Why it works

* We can measure sediment volume growth from 2011
to 2018 using TWDB difference map

* But, we have no below-water data immediately
before Harvey

* However, we do have pre- and post-Harvey satellite
images that accurately measure above-water growth

* Because above- and below-water growth ONLY occur
during MAJOR floods, we can safely use above-water
growth as a guide to below-water growth

* Method is sound and repeatable



Executive Summary

* Harvey added approximately 268,000 cubic yards (CY)
of sediment to mouth bar

e Calculation:

* Difference map showed total growth from 2011-2018 of
767,000 cy (see below)

e 2017 above-water growth = 35% of total above-water growth
from 2011-2018

* 35% x 767,000 cy = 268,000 cy
 FEMA can legally fund removal of at least 268,000 cy.

e Other protocols may yield higher volumes, but that can
be adjusted later

* Starting now to remove 268,000 cy could save $18 mm
in remobilization fees



Recommendations

* Begin FEMA/Corps discussions immediately

e Extend scope of the current project to remove another
268,000 cubic yards

* Will save S18 million in remobilization costs

* If Tetra Tech analysis shows more is justified, adjust
upwards later

* Begin maintenance dredging discussion separately
to restore conveyance at least to 2011 levels (note
that 2011 level is still up to 20 ft. shallower than at
time of impoundment)



How We Arrived
at These Numbers



Industry-Standard Hjulstrom Diagram
Shows sands and gravels are ONLY bemg transported durmg MAJOR flood events
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* Harvey flow velocities were capable of transporting gravels as seen at East End Park

* During Harvey, strong currents transported sand to the river mouth

* It was deposited there as velocities waned from river to lake and as the storm abated

* Between floods, current velocity is close to zero, so no sands are transported or deposited



TWDB 2011 — 2018 Elevation Difference Map

Subtracting 2011 from 2018 elevation gives sediment thickness change
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Green, yellow, orange = deeper (less sediment) 2018 vs 2011
Blue, magenta, white = shallower (more sediment) 2018 vs 2011

* Elevation difference colors provide area and thickness = volume of added (or lost) sediment
* The largest volume of new sediment was deposited in the stream mouth bar (SMB)



Digitized Elevation Difference Map 2011-2018

Contours were Digitized, Volume Calculated by Multiplying Areas x Thicknesses
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Areas Shallower in 2018 vs 2011 are Where Sediment Was Added

- West Fork San Jacinto River |

Black Polygons Define Where Mouth Bar Grew

Changes in land elevation from 2011 to 2018
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@ 2018 deeper than 2011
= Sediment loss

@ 2018 shallower than 2011
= Sediment added




Multiplied Contour Areas x Contour Interval Thickness
Used to Calculate Total Sediment Volume Growth from 2011 to 2018

1) Used Ruler in Google Earth to calculate area of each contour
2) Developed simple slab rules to estimate thickness of each contour area
3) Assumed 5’ average thickness for exposed SMB area

Excess Sediment Volume Calculation

Slab Model Contour Area (ft 2) Thickness Vol. (yd3)
Exp. SMB 920,617 5’ 170,484
5 j— , ,
_________ 5 342,802 1 12,696
oy |
4' \ 1’ slab '
J_*_‘ & 805,665 % 29,839
3 1,640,853 1 60,772
2’ 4,586,186 1.5’ 254,788
S | 0 6,433,169 1 238,266
o y !
Total 766,845




Above-Water Growth Measured Before and After Harvey
Used to Calculate Below-water Growth

Subaerial Extent of Stream Mouth Bar
West Fork San Jacinto River / Lake Houston

Post- Harvey 21.7
Post-Harvey (10/28/17)

Post - 2016 floods 14
Pre-Harvey (1/1/17)

Pre- 2016 floods 8.
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Above-water area of the mouth bar grew from 1.8 acres in 2011
to 21.7 acres post Harvey (19.9 acres)

During Harvey, it grew from 14.8 to 21.7 acres (6.9 acres)
6.9/19.9=35%

35% of 767,000 yds3 = 268,000 yds?




led Polygon
eld House
1B Centours 2011-2018
) Area of Interest
Temporary Places

' difference contour measure | §

contour 2011-2018
foot difference contour 20...

nary Databasze
orders and Labels
Places

d 30 Buildings
# Ocean

ﬁ’ Weather

lobal Awareness

[J Mare

¥ Terrain

Where We Most Need Dredging!

o)

‘Garﬂeld HOUSE
- E d@‘ {3 ®

* FEMA should immediately fund dredging of
at least 268,000 yds3 in yellow area of interest
to save $18 million in remobilization fees

e Adjust as necessary when other estimates
by other protocols become available
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2018 deeper than 2011
= Sediment loss

2018 shallower than 2011
= Sediment added
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