Improving flood-frequency analyses
with a 4,000-year recoxd of floodingon ¢
the Tennessee River near Chattanooga, .

Tennessee

/ U- S- N R C
o ISITED STAT iFaAkK K U COMMIRSION

\ - S WUCLE LFCA ML AT
Protecting Prople and the En:

science for a changing world

Tess Harden — USGS Oregon Water Science Center
Jim O’Connor — USGS Geology, Mineral, Energy and Geophysics
Meredith Carr — Nuclear Regulatory Commission



What is “Paleoflood” Hydrology
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....using geologic evidence to
understand flood history...
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Identified ~30 sites, fully described 17
Focused on sites were preservation of
sediment was most ideal

Also targeted a full range of site
elevations

Radiocarbon dating and optically
stimulated luminescence (OSL)

ZUSGS
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Hydraulic Model

Tennessee Valley Authority “Naturals” model in
HEC-RAS shortened to provide sufficient length
for boundary conditions.

Calibrated to historical high water marks.
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Stage-Discharge Curves
550K cfs and larger

)]
(*)]
o

=
Y
S
c
o
-
(48]
>
Q
L
)
Q
L
e
-
8]
S
)
+—
=

ammm| ower overhanging outcrop
Overhanging Outcrop

—Red Flower

= (Goose Wallow

—Milled Wood

= Broken Stem

- Chattanooga Gage

* o0 b HONR

Lower overhanging outcrop
Overhanging Outcrop

Red Flower

Goose Wallow

Milled Wood

Broken Stem

Chattanooga Gage

640 - .
400,000 600,000 800,000 1,000,000

flow at point (cfs)

1,200,000 1,400,000




:__ = '{
1,250,000 ~~Broken Stem historical flood, not 1867
1867 flond
1600°s flood, PS8

Hed Fower 350 yr BP flood, P7
small MudWasp floods, P&, PS5
1,050,000 s 1000 yr BP flood, P4
- 1,
0028 WD 1665 BP ﬂﬂﬂd, P3

2800 yr BF flood at Looterpit, P2

3000 yr BP flood, P1
HEU;DHD uzed in fiood frequency analysis

650,000

TEM4
+Milled Wood |=/

Upper Owven and Freezer Jeft-n-Steph

450,000

=
=
=
ol
ik}
£
[
4%}
=
fra
4k ]
3
-
B
o |
=
3
£
juk}
=n
-
am ]
<=
=
.m
=

250 000 E— Buzzard's Cave

{0 i
| ooterPit
—

MudWazp e —

Chattanooga gage

50,000

440 450 455 460

River Mile

8 unique paleofloods in ~4,000 years




Flood- Frequency Analysis

Bulletin 17C
EMA

LP3 dlstrlbutlon Guidelines for Determining Flood Flow Frequency
Bulletin 17C

Discharge et P

uncertainty and Book 4, Hydrologic Analysis and Interpretation

perception

thresholds
USGS PeakFQ

Techniques and Methods 4-B5

USGS England and others, 2019

a changing world

Estimating Magnitude and Frequency of Floods Using the PeakFQ 7.0 Program



Benito et al., (in press)
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Flood-frequency analyses for 7
ditierent scenarios:

Scenario l: Gaged plus historical record
(1826-2008), 3 perception thresholds
Scenario 2-4: 4 paleofloods (350,1000,
1500, 1650); 5 perception thresholds
(variation to 1 paleo perception

threshold)
Scenario 5-1: 4 paleofloods (variation in

age and magnitude); 5 perception
thresholds
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4 paleofloods used in the flood frequency analysis.
Age and magnitude was varied in some scenarios to account geochronologic

and stratigraphic uncertainty.
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Best estimate

~4000 year record

4 paleofloods and

5 perception thresholds
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T i Gaged + historical data
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Scenario 1
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Gaged + historical record

Scenario 1: Gaged and Historical Record
Confidence Limits
Return AEP EMA

Period Estimate
Lower Upper

100 0.01 370000 340000 450000
200 0.005 390000 350000 490000

500 0.002 430000 370000
1,000 0.001 460000 380000
10,000  0.0001 520000 410000

Scenario 3: 4 Paleofloods, PT1A-PT5, Best Estimate

Return EMA Confidence Limits

Period AEP Estimate
Lower Upper

100 0.01 400000 370000 430000
200 0.005 440000 400000 480000

500 0.002 500000 450000

1,000 0.001 540000 480000

10,000  0.0001 700000 600000
Best Estimate Paleoflood Scenario

Scenario 5: 4 Paleofloods (Red Flower A.D. 1050),

Return
Period
100
200
500
1,000
10,000

AEP

0.01
0.005
0.002
0.001

0.0001

PT1A-PTS

EMA

Confidence Limits

Estimate o eT

400000
440000
490000
540300
700900

370000
400000
450000
480000
600000

Upper
440000
480000
560000
620000
900000

Scenario 7: 4 Paleofloods (Red Flower flood

Return
Period

100
200
500
1,000
10,000

AEP

0.01
0.005
0.002
0.001

0.0001

PTS
EMA

400000
420000
460000
490000
580000

discharge equal to that of Jeff-n-Steph flood), PT1A-

Confidence Limits
Estimate [ower

360000
390000
420000
440000
510000

Upper
420000
450000
500000
540000
690000




Change date of large Red Flower flood

Scenario 1: Gaged and Historical Record Scenario 5: 4 Paleofloods (Red Flower A.D. 1050),

Return EMA Confidence Limits PT1A-PTS

Period AEP B Return EMA Confidence Limits

Lower Upper Period LR Estimate Lower

100 0.01 370000 340000 450000

200  0.005 390000 350000 490000
500  0.002 430000 370000 560000 490000 450000
1,000  0.001 460000 380000 610000 540300 480000
10,000  0.0001 520000 410000 800000 700900 600000

Upper
0.01 400000 370000

Scenario 3: 4 Paleofloods, PT1A-PT5, Best Estimate Scenario 7: 4 Paleofloods (Red Flower flood
Return —— Confidence Limits discharge equal to that of Jeff-n-Steph flood), PT1A-

EP PT5

Peri Esti
eriod stimate , Upper Return .., EMA Confidence Limits

100 0.01 400000 370000  430000f Fericd Estimate Lower  Upper

200 0.005 440000 400000 480000 oo D - 420000
200 0.005 420000 390000 450000
500 0.002 500000 450000

500 0.002 460000 420000 500000
1,000 0.001 540000 480000 1,000 0.001 490000 440000 540000

10,000  0.0001 700000 600000 10,000 0.0001 580000 510000 690000

Best Estimate Paleoflood Scenario




Gaged plus historical record

Scenario 1: Gaged and Historical Record Scenario 5: 4 Paleofloods (Red Flower A.D. 1050),

Return EMA Confidence Limits PT1A-PTS

Period AEP B Return EMA Confidence Limits

Lower Upper Period LR Estimate Lower

100 0.01 370000 340000 450000

Upper
100 0.01 400000 370000 440000
200  0.005 390000 350000 490000 200  0.005 440000 400000 480000
500  0.002 430000 370000 500  0.002 490000 450000 560000
1,000  0.001 460000 380000 1,000  0.001 540300 480000 620000
10,000  0.0001 520000 410000 10,000 0.0001 700900 600000 900000

Scenario 3: 4 Paleofloods, PT1A-PT5, Best Estimate Scenario 7: 4 Paleofloods (Red Flower flood
Return —— Confidence Limits discharge equal to that of Jeff-n-Steph flood), PT1A-

EP PT5

Peri Esti
eriod stimate , Upper Return .., EMA Confidence Limits

100 0.01 400000 370000  430000f Fericd Estimate 1ower  Upper
200 0.005 440000 400000 480000 100 0.01 400000 360000

200 0.005 420000 ___390000
500 0.002 500000 450000 500 0.002 460000 420000

1,000 0.001 540000 480000 1,000 0.001 490000 440000

10,000  0.0001 700000 600000 10,000  0.0001 580000 510000
Best Estimate Paleoflood Scenario Change magnitude of large Red Flower flood




Summary

Adding 4000 years of paleoflood data
reduces uncertainty of the very small
AEP’s by 22-44%

Adding 4000 years of paleoflood data
increases the magnitude of the very
small AEP’s.

Record length has a strong influence on

the curve.
2 USGS

science for a changing world
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