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APPENDIX G.
ECONOMIC ANALYSIS RISK INPUTS
AND SUMMARY RESULTS

The following sections have the HEC-FDA model inputs used for the modeling of economic damage
under without-project conditions on the Puyallup River. These relationships include uncertainties in each
of the following study areas: hydrology, hydraulics, geo-technical and economics.

HYDROLOGY

The same relationship was used for existing and future conditions. The input is in the form of a graphical
exceedance probability-discharge function. Uncertainty is determined based on both the shape of the
curve and the equivalent record length of 66 years. The table shows the most likely discharge for different
events and the confidence limits based on plus or minus one and two standard deviations.

| Fie Edit Yiew Help
Plan: |Withu:|ut ll Shean: Puyallup River j

| Analyziz Year |2DD?

o
=

% Puyallup River - Probability Function St...

Function: |PU_'-JE|||UI:' River Input Graphical Probability Function
Uncertainty Computed fram Ordered E vents

Deszcrption: |

Type
| B o T Equivalent Record Length [M):  |BE
v Graphical.. Plet... ’TI el |
1
Confidence Limit Curves
Excesdance Digcharge Dizcharge [clfz)
Probahility [cfs) 25D | -1 5D | +1 5D | +2 50
0.9990 891843 773883 8.307.59 957418 10.278.14
0.9900 9.000.00 FA1EM 8.387.35 9E57.39 1036281
{0.9500 10,258.61 9.291.93 9.763.35 10.778.93 1132677
0.9000 11,000.00 9.391.04 10163.74 11.905.08 12.884.64
{0.8000 14.000.00 11.596.74 12.741.28 15.383.08 1690276
0.7000 16.600.25 1397368 15.230.44 18.093.26 19.72053
0.5000 2199399 18.945.82 20.415.88 23.707.02 25.546.50
0.3000 27807 68 24 095 51 2586515 2987300 32.091.75
0.2000 32.041.33 27 430,42 29 646,37 34 E29.73 AT A2 32
0.1000 3899998 33.756.29 3628353 191982 4505824
0.0400 44.000.00 39446, 74 41 ,661.21 46,470,038 43.078.82
0.0200 4E.000.00 41.291.93 4356246 48551 64 51,244 88
0.0100 47,993,953 42942 36 45.400.80 5074796 53.653.26
0.0040 R2h72 42 46 687.79 49542 81 55.787.29 5919877
0.0020 5E,000.00 43 469,43 52 E3352 59.581.80 £3.332.68
0.0010 59.417.89 22234 55 704 48 £3.378.84 67 B03.7E
KN f
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Lower Puyallup River Flood Protection Investigation; Without-Project Analysis...

HYDRAULICS
In-Channel Stage

The in-channel relationship is defined by the stage-discharge function with uncertainty. In this case, it is a
triangular distribution with a most likely, minimum and maximum stage for each given discharge. On the
Puyallup River, the stage would increase in the future for a given discharge due to sedimentation.
Existing Condition

£
i+

> Puyallup River - 5tage-Discharge Function with Uncertainty

File Edit “iew Help
Plar: |Withu:uut j Sheam: |F'u_l,la||up River j
Analvziz Year |2DD? j [ramage Reach: |PU}'*3"UF' Marth j
Functian: |E:-ci$ting 2007 IJze An Eristing Function | Flat. . |
Dezcrption: | Tabulate. ..
Distribution Type
i~ Mone ¢ Momal & Trhangular © Log Mormal
Defing ncertainky
f* Enter by Ordinate  Calculate
Dizcharge Stage b irirnam b a=imuinm =
[cfs) [ft.] Stage [ft.] Stage [ft.]

1] 1000.00 8.97 2.930 q.00
| 2 | A000.00 979 9,650 9.870
| 3] 3000.00 10.81 10.520 10.970
|4 11000.00 11.38 11.020 11.5490
|5 ] 14000.00 12.30 11.840 12580 —
| E | 18000.00 1362 13.080 13.980
7] 22000.00 15.01 14.330 15.440
|8 | 28000.00 16.06 15.330 16.540
=l 28000.00 1711 16.320 17.620
10] 29000.00 17.45 16.650 17.970
11 ] 1000.00 1812 17.210 18.660
12 233000.00 18.78 17.950 19.320
113 35000.00 13.40 18.570 19.950
14 27000.00 2000 19170 20.540
15 ] 239000.00 20.56 19,740 21.090
16 ] 41000.00 21.08 20,280 21.580
|17 ] 43000.00 2155 20,780 22.020
18] 45000.00 21.97 21.230 22.390
19 47000.00 2232 21.630 22,6490
20 49000.00 2262 21.980 23.000
|21 51000.00 22.84 22,260 23.200
22| 52000.00 2293 22.380 23.250
| 23] AE000.00 23.06 22.680 23300




...APPENDIX G. ECONOMIC ANALYSIS RISK INPUTS AND SUMMARY RESULTS

2017 Condition
(Note the slightly higher stages.)

o,
=

“ Puyallup River - Stage-Discharge Function with Uncertainty

File  Edit “iew Help
Plar: |Withu:uut j oy r—— |F'u_l,la||up Fiiver j
Analysiz rear: lﬁ j [Dramage Reach: |PU.'r'a"UF' Marth j
Function: |F'u_|,|a||up 10y Ize An Exizting Function | Plat... |
D escription: |2EI'I ¥ Future Sediment Condition Tabulate.
Distribution Type
(" Mone  Mommal  Trangular © Log Mormal
Define Uncertainty
{* Enter by Ordinate © Calculate
Digcharge Stage b irirmunm L ERT =
[cfz] [ft.] Stage [ft.] Stage [ft.]

1 1000.00 2.96 2910 2.960
B 3000.00 953 9.410 9620
E a000.00 1014 9,950 10.340
4 | Fo00.00 10.78 10,620 11.070
5 | a000.00 11.45 11.120 11.820
;| 11000.00 1215 11.7E0 12580 _ |
7| 14000.00 1323 12740 13740
5 | 17000.00 14.33 13,750 14.910
9| 20000.00 15.43 14.780 16.070
10 22000.00 1617 15,470 16.820
11 28000.00 17.25 16.500 17.940
12| 28000.00 18.30 17.500 19.000
13 29000.00 18.62 17.820 19.300
14 J1000.00 19.29 18,480 19.950
15| 23000.00 19.91 19,100 20610
16 3a000.00 20680 19,700 21.180
17| 27000.00 21.04 20,260 21.700
18] 23000.00 21.54 20,730 22180
13 41000.00 21.99 21.280 22,600
E 43000.00 2238 21.740 22.950
21| 45000.00 220 22140 23.240
E3 47000.00 2297 22,480 23,480
23] 43000.00 2325 22780 23.700
E 51000.00 2345 23.100 23.950
E3 B2000.00 2350 23110 23.970
% BE000.00 2360 23.310 24.1?
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Lower Puyallup River Flood Protection Investigation; Without-Project Analysis...

2057 Condition
(Note the slightly higher stages.)

o
=

“ Puyallup River - Stage-Discharge Function with Uncertainty

File Edit Yiew Help
Plar; |With|:|ut
Analysis Year: m
Function: 1F'u_l,la||up Blyr
Descrption: |
Distribution Type
{7 Maone " Mormal @ Trangular ¢ Log Marmal
Defing Uncertainty
% Enter by Ordinate ¢ Calculate
Dizcharge Stage MirirnLnm G ES
[fs] [ft.] Stage (ft.] Stage [ft.]

1] 1000.00 am 2.970 9.070
|2 | 2000.00 961 9,430 9,730
| 3 | A000,00 10,25 10,040 10,480
| 4] F000.00 1092 10,630 11.240
R S000.00 1162 11.240 12.010
| E | 11000.00 1233 11.880 12,7490
|7 14000.00 13,43 12.880 13.980
|8 | 17000.00 14.54 13920 15.160
| 9] 20000.00 15,66 14,960 16.320
10 22000.00 16.39 15.660 17.070
11 ] 25000.00 17.47 16.700 18170
12 ] 28000.00 1851 17.720 18.210
13 29000.00 18.54 18.050 19.540
|14 ] 3100000 19.43 18.650 20180
|15 ] 33000.00 2010 18.310 20.780
16 ] 35000.00 20,68 19.900 21.330
17 37000.00 21.21 20.450 21.840
18] 39000.00 21,69 20.970 22.290
119 41000.00 2212 21.440 22,650
20| 43000.00 22.50 21.860 23.030
| 21 | 48000.00 228 22.230 23.300
| 22| 47000.00 23.06 22,550 23510
| 23| 49000.00 23.30 22.800 23.750
| 24 | 5§1000.00 23.45 22980 23.950
|25 ] §2000.00 2350 23,080 23.970

26 SE000.00 2360 23130 24,100

_____
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...APPENDIX G. ECONOMIC ANALYSIS RISK INPUTS AND SUMMARY RESULTS

Floodplain Water Surface Elevations

Depths in the floodplain were determined based on water surface elevations for various events for
different stations or storage areas. These water surface elevations would vary between existing and future
conditions and levee failure assumptions. Below is the existing condition with levee failures up to 3 feet
below the top of levee.

Existing Condition

Puyallup River
‘water Surface Profile Report for 2007 WSP

Plan Name: ‘without
Analysis Year. 2007
Stream Mame: Puyallup River

40

=

Stage [it.]

=

0 10 20 30 40
Station
e |nvert Stage = cccece- 0.99 Event sessseess ()67 Event 0.5 Event nans v Nl E vt
""" (.04 Event seeseseess (.02 Event .01 Event 10.002 Event
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Lower Puyallup River Flood Protection Investigation; Without-Project Analysis...

2017 Condition

Pupallup River
Whater Surface Profile Repart for 2017 WSP

Plan Mame: ‘withaut
Analyziz Year 2007
Stream Mame: Puyallup River

a0
a0
= 207
=) T 1 5
b s w{:“v
D_ VoY
'1 D X T f 3 +
1] 10 20 a0 40
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[rwert Stage =====-= 199 Ewent  =reeeeeees L67 Event
05 Ewent ererenes 01Ewent ===-=-= 0.04 Event
""""" .02 Event .01 Event 1.002 Event

2057 Condition

PLwallup Risver
Water Surface Pratile Repart for 2057 WSP

Plary M ame; \Without
Analyziz Year, 2007
Stream Mame: Puvallup River

a0
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= 20
% 1] 5T
g A -
n 1 o . s
fut v 'i.:\—""_ 2
. : ;
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""""" 0.02 Event 0.01 Event 0.002 Event
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...APPENDIX G. ECONOMIC ANALYSIS RISK INPUTS AND SUMMARY RESULTS

GEOTECHNICAL

Levee uncertainty was modeled using levee failure probability points (PNP/PFP). The PNP, or probable
non-failure point corresponds to the stage where the probability of levee failure is estimated to be 15%.
The PFP, or probable failure point corresponds to the stage where the probability of failure is estimated to
by 85%. For this study, the levee failure probability points were identified for the right bank (north side of
river). Geotechnical analysis indicated that the levees on the left bank (south side of river) were not
expected to fail under modeled hydraulic scenarios. These identified right bank levee failure points were
assumed to be the same under both existing and future without project conditions.

Puyallup River - Levee Fea |- [3]x]
Fil=  Edit Wiew Help
Flan:; |Without j Shream: |F'uyallup River j
Analysis Year |2DD? lJ Damage Feach; |F'uyallup North l]
Leves Marme: |Levee 1 Use An Existing Levee
Description: |

Top of Levee Stage: l22.2D

=

E — | [ Exterior/Interior Relationship... | I~ ‘wave Overtopping...

=4 T

E é W Geotechnical Failure .fi‘n.nalysis|

= E

o . - - =

_‘E' 'E .= Puyallup River. - Geotechnical Failure Analysis

T E Fil= Ed

= w . = . .

- Carnbired Canditional Probability of Failure

| Ewterior Stage [ft) | Probablility of Failure | ﬂ
1817 018 J
2217 0.as Tabulate

Pl

Flot

il

ECONOMICS

Economic uncertainty in the HEC-FDA model is represented in the stage-damage functions. The model
performs a Monte Carlo simulation, integrating the water surface elevation and structural inventory with
uncertainties in value, first floor elevation, and percent damage. It calculates an aggregated stage damage
function for each category and reach, which has a normal distribution with mean and standard deviation.

The following curves represent existing stage-damage functions for right bank (north) and left bank
(south) reaches for: residential, commercial, and industrial as examples. In total, the model was
constructed of 144 stage damage functions for the 12 damage categories for each of the six flooding
conditions (existing, 2017, 2057 for both levee failure and overtopping) and both reaches.
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Lower Puyallup River Flood Protection Investigation; Without-Project Analysis...

f'\-‘ Puyallup River - Stage-Damage Function at Index Location with Uncertainty @@@

File Edt “iew Help
Plarc [wuhuun | Stieam |F"l.|yalh.p River ]
Analysis Year IEDW j Damage Reach: |P'-'Pa|ﬁ'-'ﬂ North j
D'amage Category: Iﬂﬂid!”'ial j
Funchion: [I I
Descrption: [
Define Uncertainty
i (* MNoimal &
Stage Damage Standard Deviation :J
[it] ($1.000') of Ermor
8 17.00 0.00 0.00 =
9 18.00 0.00 0.00 Plot...
10 19.00 0.00 0.00
1 2000 0.00 0.00 _Tebuiste.. |
12 21.00 728063 176571
13 22.00 7730.77 177387 Save
14 23.00 g177.46 1776.00 Cancel
15 2400 11589.78 1741.83
Analyzis Year |2':":'? j Damage Reach: Fupallup South j
D arnage Categony: |Hesidential j
Functian: || |
Dezcrption: |
Define Uncertainty
" (¥ Mormal ("
Stage Damage Standard Deviation ﬂ
[f.] [$1.000') of Error
4 13.00 0.oo 0.00 J
5 14.00 0.oo 0.00
G 15.00 3326 15.59
7 16.00 84.10 2391 Pl
a 17.00 17398 36 T abulate,
9 18.00 296.92 3407 4
10 19.00 453 28 48.00 -
11 20,00 BA0.63 74,60 g
12 21.00 1163.15 £9.70 Cancel
13 22.00 324894 42718
14 23.00 aE48.80 404.90
15 24.00 10856.96 27879 l
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...APPENDIX G. ECONOMIC ANALYSIS RISK INPUTS AND SUMMARY RESULTS

= Puyallup River - Stage-Damage Function at Index Location with Uncertainty EJ@|E|
File Edt View Help

| Plan iWithut | sueam (Puyallup River ]
| Analysis Year. EEﬂU? j Damage Reach |P'-!-'ﬂ"'-'P Morth j
| Dmge Eatmy' lcﬂmmfcid j
| Function: | AgaDamg008E79 Use An Existing Furr[:ii::unl
| Descnphon: J
Define Uncestainty
- (& Nomal C
Stage Damage Standard Deviation B
[fL.] ($1.000%) of Error
TEO0 oy . =
g 17.00 0.00 0.00
3 18.00 0.00 0.00 P |
10 19.00 000 0.00 Tabulste. .
11 20.00 4.08 2675
12 21.00 1867381 248638
13 22.00 25945.36 45591 4‘
14 23.00 3784366 B313.89 [
15 24.00 G081 .42 435043 |
_
Analyziz Year |2':":'? j [Damage Reach: Puyallup Sauth j
Damage Cateqgary: |':':'""""E’Cia| j
Function: | |
Dezcription: |
Define Uncertainty
{ i+ Mormal {
Stage Damage Standard Deviation ﬂ
[ft.] [$1.000') of Error
) T30 T T J
5 14.00 0.oo 0.00
B 15.00 Q.0E 0.41
7 16.00 0.45 275 L
g 17.00 047 364 Tahulate,
| 18.00 280 713 4
10 19.00 B.22 12,46 Save
11 20.00 13.45 16.59
12 21.00 |7 2297 Cancel
13 22.00 134.30 a1.15
14 23.00 465.70 7280
15 24.00 74589 a0.43 é
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Lower Puyallup River Flood Protection Investigation; Without-Project Analysis...

File Edit Yiew Help

Plan: |W&hnm

j Shrean:

Analysiz Yean |Eﬂﬂ?

“ puyallup River - Stage-Damage Function at Index Location with Uncertainty g@@

(T F

[Fu_l,lalup Rinver

j Damage Reach: [P”.'r'*iﬂj Nasth

D amage Categony: ilm’ustfiai

-]

Function: | AggD amgl08652 Use &n Existing Function |
Description: |

Define Uncertainty

N = Mornal =
Stage D amage Standard Deviation -
it] [$1.000') of Extot

10 19.00 0.00 oan - Plot...

11 20,00 0.00 0.oo

12 21.00 34566.23 634318 Ui st

13 22.00 36458 56 620926

14 23.00 3764034 620829

15 24.00 41679.23 E451.48 |

_

Analysis Year |2':":'? j Damage Reach: |Puyalup South j
[D'amage Categony: ||”':|'-‘3t’ia| j
Function: | |
Dezcription: |

Define Uncertainky

(" fe" Momal ("
Stage [D'amage Standard Deviation ﬂ
[ft.] [$1,000'] of Ermor

4 13.00 0.00 0.00 J

5 14.00 0.00 0.00

G 15.00 1224 16.24

7 16.00 3661 2380 L

a 17.00 59.30 21.57 Tabulate. .

9 18.00 70.86 18.81 4

10 159.00 751 18,42 Save

11 20.00 76.59 1853

12 21.00 7rdh 18.60 Cancel

13 22.00 9715 2348

14 23.00 137.83 2214

15 24.00 14411 2282 - |
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...APPENDIX G. ECONOMIC ANALYSIS RISK INPUTS AND SUMMARY RESULTS

SUMMARY RESULTS

The HEC-FDA model provides economic output in the form of Expected Annual Damage (EAD). The
model can compute EAD under with-project and without-project conditions and determine 75-percent,
50-percent and 25-percent probability that benefits will exceed the value. In the case of this study, we
only have analyzed the without-project condition so the probabilistic benefits are all equal to zero. EAD
was computed for both reaches and for the six flooding conditions.

The following are the total results for aggregated damage, including structure, content and auto damage
under the existing without-project condition with levee failures.

* Right Bank—$4,685,040

» Left Bank—$686,520

» Total—$5,371,560
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