Determine Loss of Life (LOL) using the Graham Method (TN2 SEC 5.0)

Procedure for Determining Spillway Adequacy
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Step 1 - Determine Population At Risk (PAR) within the dam’s breach flood area.
Simplified Evacuation Mapping is described, in more detail, in Technical Note 3.

Fish Creek Evacuation Map




Loss of Life Template

If census data is unavailable, use TN 2 Table 5-1

_d A B _ c D E _ H I J K

1 PAR (LOL) “This is an unprotected sheet with formulas, seg/IOTE below Graham (1999) Loss of Life

2 [(population at risk) for mare details Flood

Z| WWarmning Water Severity Fatality Loss of
4 | Xsec River time Depth at Flood Warning Rate Life

5 | Number Mile Structure  (minutes) Structure (ft)\ census / Comments  [(assumed) Time Flood Flood

6 0 0.00  dam N
85 ® 0 low 0 0.0100 0.0000
o6 X 0 low 0 0.0100  0.0000
87 X 0 low 0 0.0100  0.0000
o X 0 low 0 0.0100  0.0000
89 X 0 low 0 0.0100  0.0000
90 | X 0 low 0 0.0100  0.0000
91| X 0 low 0 0.0100  0.0000
92 ® 0 low 0 0.0100  0.0000
93 ® 0 low 0 0.0100  0.0000
94 X 0 low 0 0.0100  0.0000
Bh X 0 low 0 0.0100  0.0000
96 X 0 low 0 0.0100  0.0000
97 X 0 low 0 0.0100  0.0000
98 | X 0 low 0 0.0100  0.0000
99 | X 0 low 0 0.0100  0.0000
100 ® 0 low 0 0.0100  0.0000
101 ® 0 low 0 0.0100  0.0000
102|

103 TOTALPAR = 0 TOTALLOL =  0.00




Using the PAR worksheet, start from the dam and work downstream, counting
the number and types of structures through each downstream reach.

Reach 1 and 2

NOTE: You may have to make an onsite visit to determine whether or not the structures
that lie within the dam breach flood area are actually inhabited. As shown here, from
Reach 1 to Reach 2, there are several structures that lie within the flooded area, but from
an onsite visit it was determined that these structures were not inhabited (no PAR).



Reach 3

PAR (LOL)

2 (population at risk)

River
Structure
0.00

Reach 1 0-023
| Reach 2 | 0.23 - 0.55
0 Reach3 0.55-0.87  Building
| Reach4 | 0.87-1.06
2| Reachb | 1.06-132
3 Reach 6A 1.32-1.41 |2 Trailers
Reach 6B 1.41-1.52 |3 Houses
5 | Reach 6C 1.52-1.63 | 2 Houses
6| Reach7 1.63-2.20
| Reach§ 220-242 Road

NOTE: Onsite visit showed that Reach 3 had 1 building with potential for PAR




Reach 4 and 5

NOTE: Onsite visit showed that Reaches 4 and 5 had no buildings with PAR




PAR {LDL} *This iz an

{population at risk)

LIy =k

e

X-sec River
Mumber Mile Structure
dam

M

Building

1.06 -1.32
Reach 6A 1.32-141 2 Trailers
Reach6B 141-1562 3
Reach 6C 1.52-1.63
Reach 7
Feach

NOTE: Reach 6A, 6B and 6C, were determined to have several houses with
potential for PAR. From TN2 Table 5-1, each house is assigned a PAR of 3




Reach 7, no PAR




B
: PAR []_0]_} *This is an

|(population at risk)

=

¥-sec River
Murnber Mile Structure
1] 0.00 dam

Reach 1 0-023

Reach2 0.23-055

| Reach3 0.55-0.87  Building
Reach4 0.87-1.06

Reach5  1.06-1.32

| Reach 6A 132-141 2 Trailers
|Reach 6B 141-152 3 Houses
Reach 6C | 1.52 - 1.63 | 2 Houses
Reach7 1.63-2.20

Reachd 220-242 Road

sl ea =gyt [ 4ot

NOTE: The road was considered part of Reach 8



Step 2 — Determine Warning Time

See TN 2 Sec. 5.2

4 A B C D E I G _ H I T - ¢

1 PAR {]_DL] *This is an\nprotected sheet with formulas, see NOTE below  Graham (1999) Loss of Life

2 (population at risk) for more details Flood

3 Warning Water PAR Severity Fatality Loss of
4 K-gBC Rliver time Depth at 2000 Flood Warning Rate Life

5 | MNumber Mile Structure  (ieuted] Structure () census  Comments  (assumed) Time Flood Flood

6 | 0 0.00 dam

[

6 | Reach1 0-0.23 0 low 0 0.0100  0.0000
9 | Reach2 | 0.23 - 0.55 0 low 0 0.0100  0.0000
10| Reach3 0.55-0.87 Building 0 1 5 low 0 0.0100 0.0300
11| Reach4 (0.87-1.06 0 low 0 0.0100  0.0000
12| Reach &  1.06-1.32 0 low 0 0.0100  0.0000
13 | Reach 6A 1.32-141 2 Trailers 0 1 B low 0 0.0100  0.0600
14 | Reach 6B 1.41-1.52 3 Houses 0 1 9 low 0 0.0100  0.0900
15 | Reach 6C | 1.52 - 1.63 | 2 Houses 0 1 B low 0 0.0100 0.0600
16| Reach 7 | 1.63-2.20 0 low 0 0.0100  0.0000
17 | Reach& 220-242 Road 0 3 low 0 0.0100  0.0300

Figure 5-1 Table 2 (next slide) from TN 2 shows Graham’s estimates for when warning time begins



For this example we have a top of dam breach, during the day, with no observers at the dam.
An initial 0.25 hrs after the flood wave reaches the first house is added to when the actual warning time would start.

FIGURE 5-1. TABLE 2 OF USER D50-99-06 (GRAHANMI), ESTIMATES FOR WHEN WARNING TIME BEGINS

Table 2. Cwdance for Estimating When Darn Falure Warmnes Would be Intiated (Esrthill Dam)

[Zam Type Cause of Failare o e : ’ e When Weuld Dam Failure Warning be Initiatad?
¥P Special Consideations Time of Failure =
Many Observers al Dam Mo Observers at Dam
Earthfill Orvertopping Diminage area at dam [y .
i * i ! - o .25 hrs, after fw reaches
lega tham 100 ma (260 0.25 hre. belore dam fmlure ; s
2 populated area
km™) I~
[M@inage area at dam Might i
= 3 2 i 1.9 hrs. after fw reaches
liess than 100 ma {260 25 hrs. after dam failure . i
a populated area
km™) y
Dhainage area al dam Doy
more than 100 m™ (260 2 hrs, before dam falure 1 hr. before dam failure
k)
Dmainage area at dam Might
more than 100 mi° (260 1o 2 hr before dam failure 0o 1 b, before dam Cailue
km™)
Piping ¢ full reservoar, Dy ; 2 0.25 s, after Dw reaches
S & : ? 1 hr. before dam Failunes s
normal wreathar) popiulated area
1.0 hr after B reaches
Might
(15 hr_after dam failurs popilated area
S erermuie Iimmmediate Falure Dav 0.25 b, after Bw reaches
it (.25 hr. after dam faillure populated area
e 1.0 hrs. after far reaches
'8 050 hr. after dam fail ure populated area
Delayved Failure 1.5 hrs, before fw reaches
= Doy & . » H
¥ 2 hus, belore dam [mlure populated arca
Might 0.5 hra, before fw reaches
b 2 hus. before dam failure populated area
Metes: “Many Observers at Dam” means that a dam tender lives on hizh ground and within site of the dam or the dam is vizible from the homes of many seople or the dam crest seres as a
lII:H.'l'“:" s I'I.'IPJJ‘.’J'H}". Lhese dams are |_'3."|::I|:H|.|_':.' I artvan areas. Mo OSErvers 1 LAame means that ere 15 no dam ender @ the L'.IH.II'I, e dam 5 ow or slte of J‘x:El'|}' all homes andthes s no
roadway om the dum ored. These dams se vsoally inremote aress. The dobrevintion “fw” stands for Noodwater,




The results from HecHMS can be used to determine when the flood wave reaches the first house.

HDS R3/STAGE-SIM/ITMAY 200871 MIN/RUN: TOD BREACH!

IDS RECISTAGE-SIMIITMAY 200871 MIN/RUN: TOD BREACH!

File Edit Yiew Help

Bl 4,363
4,362

Lol Approximately 31 minutes after TOD failure.

4,360 Warning Time starts 15 minutes after flood
wave (from failure) hits the 1%t residence.
TABLE 2 OF USBR DS0-99-06 (GRAHAM)

4,359

4,358
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T T T T T T T
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File B[ Yiew Help

Stage ()

Approximately 52 minutes after TOD failure
Warning Time = 6 min

T
03:00

T T T T
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T T
06:00 09:00

DE R3 RUM:TOD BREACH STAGE-SIM

DS REC RUN. TOD BREACH STAGE-SIM

Reach 3 is where the first building lies. It can be assumed
that the initial response to the flood would start when the
flood wave was about 3 to 4 feet deep at the 15t residence.

Reach 6C is the last reach with a house in it. They would
have approximately 6 min of warning time.




Warning Time

P A _ B _ C D E I G _ H I T - ¢

1 PAR {LDL} *This is an unprotected sheet with formulas, see NOTE below  Graham (1999) Loss of Life

2 (population at risk) for more details Flood

3 | Warning Water PAR Severity Fatality Loss of
4 K-gBC Rliver time Depth at 2000 Flood Warning Rate Life

5 | MNumber Mile Structure  [minutes) Structure (ft) census Comments  (assumed) Time Flood Flood

6 | 0 0.00 dam

[

6 | Reach1 0-0.23 0 low 0 0.0100  0.0000
9 | Reach2 | 0.23 - 0.55 0 low 0 0.0100  0.0000
10 Reach3 055-0.87 Building 0 1 5 low 0 0.0100 0.0300
11| Reach4 0.87-1.06 0 low 0 0.0100  0.0000
12| Reach &  1.06-1.32 0 low 0 0.0100  0.0000
13  Reach 6A 1.32-141 2 Trailers 0 1 B low 0 0.0100  0.0600
14 | Reach 6B 1.41-1.52 3 Houses 0 1 9 low 0 0.0100  0.0900
15 | Reach 6C | 1.52 - 1.63 | 2 Houses 0 1 B low 0 0.0100 0.0600
16| Reach 7 | 1.63-2.20 0 low 0 0.0100  0.0000
17 | Reach& 220-242 Road 0 3 low 0 0.0100  0.0300

Although the last reach with houses has 6 minutes of warning time (WT), WT has to be >= 15 before it becomes a factor in LOL
(TN 2 Figure 5.2 Table 7).



Step 3 — Determine Water Depth at Structures.

A surface model, or Triangulated Irregular Network (TIN), of the
flooded area can be created using ArcGIS. This TIN, along with
a Digital Elevation Model (DEM) can then be used to determine
water depth at structures

TIN created from flooded area,
generated through HecHMS.

10 Meter DEM (best available
data for this area)

Using the info button in ArcGIS, the user can then select
a point on the TIN and DEM to get elevation values for
the ground and water surface. Subtracting the two will
give you the depth of the water at that point




Determine Water Depth at Structures

4 A B C D E I G _ H I T - ¢

1 PAR {]_DL] *This is an unprotected sheet with formulas, see NOTE below  Graham (1999) Loss of Life

2 (population at risk) for more details Flood

3 Warning Water PAR Severity Fatality Loss of
4 K-gBC Rliver time Depth at 2000 Flood Warning Rate Life

5 | MNumber Mile Structure  [minutes) Structure (ft) census Comments  (assumed) Time Flood Flood

6 | 0 0.00 dam

[

6 | Reach1 0-0.23 0 low 0 0.0100  0.0000
9 | Reach2 | 0.23 - 0.55 0 low 0 0.0100  0.0000
10| Reach3 0.55-0.87 Building 0 5 low 0 0.0100 0.0300
11| Reach4 (0.87-1.06 0 low 0 0.0100  0.0000
12| Reach &  1.06-1.32 0 low 0 0.0100  0.0000
13 | Reach 6A 1.32-141 2 Trailers 0 B low 0 0.0100  0.0600
14 | Reach 6B 1.41-1.52 3 Houses 0 9 low 0 0.0100  0.0900
15 | Reach 6C | 1.52 - 1.63 | 2 Houses 0 B low 0 0.0100 0.0600
16| Reach 7 | 1.63-2.20 0 low 0 0.0100  0.0000
17 | Reach& 220-242 Road 3 low 0 0.0100  0.0300

Water depth is only used to determine Flood Severity (Low, Medium, or High).
Water Depth < 10 Flood Severity = Low, Water Depth > 10 Flood Severity = Medium



Step 4 — Determine PAR for each reach

A A B £ D E E G H [ J K

1 PAR (LOL) *This is an unprotected sheet with formulas. see NOTE below Graham (1999) Loss of Life

2 (population at risk) for more details Flood

3 Warning Water PAR Severity Fatality Loss of
4 K-seC River time Depth at 2000 Flood Warning Rate Life

5 | MNumber Mile Structure  [minutes) Structure (ft) census Comments  (assumed) Time Flood Flood

B 0 0.00 dam

T

8 Reach1 0-023 0 low 0 0.0100  0.0000
9  Reach2 0.23-0.55 0 low 0 0.0100  0.0000
10| Reach3 0.55-087 Building 0 1 low 0 0.0100 0.0300
11| Reach4 0.87-1.06 0 low 0 0.0100  0.0000
12| Reach5  1.06-1.32 0 low 0 0.0100  0.0000
13 Reach 6A 132-141 2 Trailers 0 1 low 0 0.0100  0.0600
14 |Reach 6B 1.41-152 3 Houses 0 1 low 0 0.0100  0.0900
15 | Reach 6C  1.52-163 2 Houses 0 1 low 0 0.0100  0.0600
16 Reach7 163-220 0 low 0 0.0100  0.0000
17 Reach& 220-242 Road 0 low 0 0.0100  0.0300
18

NOTE: A PAR of 3 was given for

the Road to be conservative

AN

TABLE 5-1.

POPULATION AT RISK ESTIMATES FOR

STRUCTURES OF HUMAN HABITATION

Structure Eztimated PAR
Fesidence 3
Farm shop building 2
Commercial building 10
Hospital 100
School 100
Municipal park 10
Campground 30
Golf course 30
Airport 30
Paved road 2
Failroad 2




FIGURE 5-2. TABLE 7 FROM DS0-99-06 (GRAHANM) RECONNMENDED FATATITY RATES FOR LOL ESTIMATION

Step 5 — Determine

. Table 7
Fatahty Rates Recommended Fatality Rates for Estumating Loss of Life Resulting from Dam Failure
Flood Severity Warning Time Flood Severity Fatality Rate
(mimites) Understanding (Fraction of people at risk expected to
die
Suggested Suggested Range
Fatality Rate is based off of 3 factors: no waming not applicable 0.75 0.30 to 1.00
vague
Flood Severity — Low, Medium or High L ) Hedieahi Tdnsaioaniayire.

. R HIGH precise the number of people who remain in the
Warning Time . ey Eaiie Boodiplanins alics wekniings aie
Flood Severity Understanding — ks Mot peovded oo tiow

more than 60 precise many people will remain in the floodplain.
This example assumes: no warning not applicable 0.15 0.03 to 0.35
vague 0.04 0.01 to 0.08
Flood Severity —Low MEDIUM — precise 0.02 0.005 to 0.04
Warning Time — No Warning — 003 0.005 10 0.06
Flood Severity Understanding — N/A siGre a0
_precise 0.0] 0.002 to 0.02
i = no Warnin )_q(not !icable)—é( 0.01 0.0 to 0.02
Fatality Rate = 0.01 ,—a(\_/g \:1;?;/ ) e
15 to 60
precise 0.02 0.0 to 0.004
vague 0.0po3 0.0 to 0.0006
mere than 60
precise 0.0902 0.0 to 0.0004
a iy B = D E E G H I | b
1 | PAR {LC}L} *This is an unprotected sheet with formulas, see NOTE below Graham ({1999) Loss of Life
2 | (population at risk) for more details Flood
3 Warning Water PAR Severity Fatglity Loss of
4 X-sec Fliver time Depth at 2000 Flood Warning Rat Life
5 MNumber Mile Structure  {minutes) Structure (ft} census Comments [assumed) Time Flogd Flood
6 0 0.00 dam \
[
8 | Reach1 0-023 ] low ] 0.0100\ 0.0000
9 | Reach2 | 0.23-0.55 1] loww ] 0.0100\ 0.0000
10 | Reach 3 0.55-0.87 Building 0 1 3 low 0 0.0100 \ 0.0300
11| Reach 4 | 0.87 - 1.06 0 low ] 0.0100 | 0.0000
12| Reach 5  1.06-1.32 ] loww ] 0.0100 §0.0000
13 | Reach 6A 1.32-141 2 Trailers 0 1 6 low ] 0.0100 | 0.0600
14 | Reach 6B 1.41-1.52 3 Houses 0 1 9 low 0 0.0100 § 0.0900
156 | Reach 6C 152 -163 2 Houses 0 1 6 low ] 0.0100 J 0.0600
16 | Reach 7  163-220 0 low ] 0.0100/ 0.0000
17 | Reach 8  220-242 Road 1] 3 loww 0 0.010 0.0300
18




Step 6 — Calculate Loss of Life

Loss of Life = PAR X Fatality Rate

\

F A _ B _ C D E I G _ H I Jd |\ K
1 PAR (LOL) *This is an unprotected sheet with formulas, see NOTE below  Graham (1999) Loss of Life

2 | (population at risk) for mare details Flood

3 | Warning Water PAR Severity Fatali

4 K-gBC Rliver time Depth at 2000 Flood Warning Rate

5 | MNumber Mile Structure  [minutes) Structure (ft) census Comments  (assumed) Time Flood

6 | 0 0.00 dam

[

6 | Reach1 0-0.23 0 low 0 0.0100  0.0000
9 | Reach2 | 0.23 - 0.55 0 low 0 0.0100
10 Reach3 055-0.87 Building 0 1 low 0 0.0100
11| Reach4 0.87-1.06 0 low 0 0.0100
12| Reach &  1.06-1.32 0 low 0 0.0100
13 Reach6A 132-141 2 Trailers 0 1 low 0 0.0100
14  Reach 6B 1.41-152 3 Houses 0 1 low 0 0.0100
15 | Reach 6C | 1.52 - 1.63 | 2 Houses 0 1 low 0 0.0100
16| Reach 7 | 1.63-2.20 0 low 0 0.0100
17 | Reach& 220-242 Road 0 low 0 0.0100
18

159

TOTAL PAR

TOTALLOL =
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