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~ Background

m Need to evaluate ecological and monetary trade-offs
on the Hanford Site between remediation,
restoration, and land use options before action is
taken

m Ecological risk assessments normally focus on
contaminant effects on wildlife, ignore impacts of the
remediation action itself

m Need to connect different decision dimensions using
common units



© Objectives

m Develop a GIS-based decision support tool that concisely
describes the current environmental landscape and can
be used to make decisions

m Develop a tool that provides ecological information in a
format directly comparable to other decision
dimensions—including project costs and human health
and wildlife risks



Environmental Decision Making Made Easier

m HERMES—a flexible visualization and analysis
program—helps environmental restoration, land use, and
resource managers make decisions

m HERMES allows interactive evaluation of impacts with
user-selected restoration costs and species values

m Other decision dimensions, such as human health, eco-
risk, and ecosystem function can be included as
extensions to the model



~ Advantages

m Usable - links with user’s existing databases

m Portable - can run on a laptop computer, which
facilitates public involvement

m Easily manipulated - user can control data input
values

m Expandable - modular design allows inclusion of
additional decision dimensions



= The Basic Tool

m Allows user to select area(s) of interest

m Determines habitat types within selected area
m Calculates area (ha) of each habitat type

m Estimates cost of mitigation (if required)

m Estimates population sizes for a group of indicator
species

m Calculates a “species value” for selected area



© The Basic Tool- cont’d

Allows user to

m control all cost and value estimations via user-defined
look-up tables

m compare alternatives
m conduct “what-if” analyses If data are imperfect
m identify and rank sites based on ecological criteria

m add extensions that enable other types of analyses and
decision support



Tool Structure
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Let’s Walk Through
the HERMES Support Tool



2 ArcView GIS Version 3.0
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of the Hanford Site.
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We start with an overall habitat map




2 ArcView GIS Version 3.0
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We zoom to a smaller
portion of the site.
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Differeht colorsindicate
different habitat/cover types.
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" Select Area to Examine

m User-provided tool allows one or more area(s) of
interest to be selected

m Areas can be any shape or size

m HERMES calculates the area (ha) of each
ocation selected

m If proposed disturbance is an excavation, user
can enter depth, and HERMES calculates volume
of material
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2 ArcView GIS Version 3.0
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Repeat for as many different impact
locations as desired.
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2 ArcView GIS Version 3.0
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HERMESthen calculatesthe area of each habitat ‘
polygon within the selected area(s) and determines g
the habitat type for each polygon.
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Theuser can then visually examine
thedistribution of each habitat type.
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¥ Microsoft Excel - HERMES.MOD
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Data are fed to the spreadsheet portion of
the model for detailed analysis of habitat
replacement costs and ecological values.
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¥ Microsoft Excel - HERMES.MOD
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HERMES calculates total values and values

for each habitat type.

Description

Mt Cost

species Yalue

Dther %alue

Tatal Yalue

Fost-fire shrub-steppe on the

1 26 Columbia River Plain §7a 000 7188 k85 185
Big Sagebrush/
4 17: Bunchgrasses-Cheatgrass | 3153 000 10176 103,176
Big =agebrush-Spiny
Hopsage! Bunchgrasses-
5 ] Cheatgrass 0 a B0
Cheatgrass-Sandberg's
14 92 Eluegrass §0 2365 §2 355
Buildings! Parking Latsf
23 U: GGravel Pitss Disturbed Areas HU u hU
Total Cost / b231 000 $19 732 il b2e0 752
7 X

Habitat Replacement Cost

/

N\

Ecological Value




¥ Microsoft Excel - HERMES.MOD
i

D= EREEEED
Geneva  [#][10 [5][B]

Alternatively, individual habitat

s 8] ] Total Area polygons can be examined.
1 A | B | c | : : |

Folygon Mug Cower Class Ares Dlescription Pk Cost  Species Valué Other Walue | Total Walue —
Fast-fire shrub-steppe on
4 1 26 the Columbia River Plain 73,000 Tiaa 385,128
Big Sagebrushi
Bunch -Cheat
> 4 4] o onenArasses NSRS L 4ok oo 5747 $134 392
Eiig Sagebrush!
; 4 0 Bunchgrazsses-Cheatgrass 40 0 40
Biig Sagebrusht
Bunch -Cheat
7 4 g SUNCHATASSESLNERAAZZ: 4oz non 1784 328,784
Eig Sagebruzh-Spiny
Hopsaged Bunchgrasses-
q L7 ] Cheatgras=s 0 1] 0
Cheatgras=-Sandberg's
i 14 49 Elusgrazs $0 36 336
Cheatgrass-Sandberg's
3 14 20 Elusgrass $0 a0 F20
Cheatgrass-Sandberg's
5 14 2 Elusgrass F0 & 4
Cheatgras=-Sandberg's
3 14 Ei Eluegras= £0 2244 $2.244
Buildings{ Farking Lots!
Gravel Pitsd Disturbed
10 23 0 Areaz $0 1] 0
Tatal Cast 231,000 19,732 £0 260,732
15 —
Total Area H
—
RIKIDIET Polygons II_I_II_

!— | | JJ
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Mitigation / Habitat Replacement

m Based on user-defined values table
m User determines if habitat type is mitigable

m User defines mitigation thresholds (minimum area
that would require compensation)

m Costs of different revegetation components are
defined

m Can be altered for “what-if” analyses



¥ Microsoft Excel - HERMES.MOD
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Mitigation

Mature shrub
LIS [

Mative Grazs Cither
Coger Pitigabl of Herb Platerial i Cther costs
Clazss i Description 2 Threshald PCFH | #tublingsthai  $ftubling  : Planting [$ha)i Cost [$fha) { esplantation
Fost-fire shrub-steppe on the
’7 ! Columbia River Plain T < <000 s00 * a0 o
'3 | 2 |RabbitbrushiBunchgrasses M 0 a 1 1 i 1
"4 | 3 iRabbitbrushiCheatgrass M 0 0 0 0 0 0
. Mlature shrub
|7 1 gfﬂiﬁgf:;;igfcheatgrm Yy 0.5 3000 1000 'l 1000 ADDD i transplant [10¢ha @
4003 ach)
Eig Sagebruzh-Spiny Mlature shrub
5 iHopsagel Bunchgrazses- T 0.5 000 1000 4 1000 4000 transplant [10¢ha @
|7 Cheatgrass “4DD$|’each]
’7 g lhreetip Sagebrusht ¥ 0.5 B0 1000 4 1000 0
Bunchgrasses
S e Mlature shrub
T i Y 5 a000 1000 4 1000 4000 transplant [10fha @
40042 ach)
'8 | & iSpinyHopsage/Cheatgrass ] i i i i i i
’7 g Dlack Greasewood! ¥ 0.5 40010 750 4 1000 0
Sandberg's Bluegrass
11| 10 winterfatBunchgrasses Y 05 4000 1000 4
12| 11 [‘winterfatiCheatgrass M 0 a 1 1 i 1
’7 jz ;oo Buckheatfindian ¥ 2 1200 0 1000 200 i Snowbuckwheat seed
Fizegrass
14| 13 [Bunchgrasses ) 3 1000 0 0 1000 0
’7 14 Cheatgrass-Sandberg's " i 0 i i i i
Eluegrazss
/16 | 15 |Flanted Maon-Mative Grass M 0 a 1 1 i 1
M4

[ D
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Mative Grazs Cither
Coger Pitigabl of Herb Platerial i Cther costs
Clazss i Description 2 Threshald PCFH | #tublingsthai  $ftubling  : Planting [$ha)i Cost [$fha) { esplantation
Fost-fire shrub-steppe on the
’7 ! Columbia River Plain T < <000 s00 * a0 o
'3 | 2 |RabbitbrushiBunchgrasses M 0 a 1 1 i 1
"4 | 3 iRabbitbrushiCheatgrass ] 0 1] 1] [ n ]
Big Sagebrush! LSO ST
*  Bunchgrasses-Cheatgrass Y 0.5 4000 1000 yd 1000 1000 transplant [10¢ha @
................................ U]
Eig Sagebruzh-Spiny Mlature shrub
5 iHopsagel Bunchgrazses- T 0.5 000 1000 4 1000 4000 transplant [10¢ha @
|7 Cheatgrass 400%de ach]
’7 g lhreetip Sagebrusht ¥ 0.5 B0 1000 4 1000 0
Bunchgrasses
S e Mlature shrub
T i Y 5 a000 1000 4 1000 4000 transplant [10fha @
40042 ach)
'8 | & iSpinyHopsage/Cheatgrass ] i i i i i i
’7 g Dlack Greasewood! ¥ 0.5 40010 750 4 1000 0
Sandberg's Bluegrass &
11| 10 winterfatBunchgrasses Y 05 4000 1000 4
12| 11 [‘winterfatiCheatgrass M 0 a 1 1 i 1
’7 jz ;oo Buckheatfindian ¥ 2 1200 0 1000 200 i Snowbuckwheat seed
Fizegrass
14| 13 [Bunchgrasses ) 3 1000 0 0 1000 0
’7 14 Cheatgrass-Sandberg's " i 0 i i i i
Eluegrazss
/16 | 15 |Flanted Maon-Mative Grass M 0 a 1 1 i 1
. Mlature shrub
’_ : BitterbrushiBunchgrasses ; AN 0 ; i 4000 anenlant {10k @
WD DI Mitigation LEE
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¥ Microsoft Excel - HERMES.MOD
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Geneva  [[E][10 ][] ] o] E|E|=]=) (8] 2] [58]28) [2
o 8

! =~ [ 8 | ¢ | o | €& | FE | 6 | H |
l_ Cover Class Areg Description Wit Cost  iSpecies VWalue: Other Value ¢ Total VWalue =
Fost-fire shrub-steppe on the
1 26 Columbia River Plain §7a 000 7188 k85 185
Big Sagebrush/
4 17: Bunchgrasses-Cheatgrass b D00 10176 0,176
Big =agebrush-Spiny
Hopsage! Bunchgrasses-
5 ] Cheatgrass 0 a B0
Cheatgrass-Sandberg's
14 92 Eluegrass §0 2365 §2 355
Buildings! Parking Latsf
23 U: GGravel Pitss Disturbed Areas HU u hU
Total Cost $146 000 $19 732 il $165 752

.... change the overall cost estimates.
f
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¥ Microsoft Excel - HERMES.MOD
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[Genova  [xf10 |[s] (Bl 7] u] (== =[] sz, ]88 [

o |
! ~ | BB | € | o | e | F | & | H [ v [ &+ [ kK [ v [

Tatal .
Description Species | Burrawing Loggerkhead | RMarthern Faocket Sage Sagebrush
Cover Class Area Walue il Coyoke Shrike Harrier mause Sparrow Lizard
Fast-fire shrub-steppe on the
i 26 Calumbia Biver Plain 7,188 #0 0 #1,000 #0 208 fra0 6,200
Big Sagebrushi Bunchgrasses
4 17 Cheatgrass T $0 0 $1.200 %0 F136 £2,040 FE,200
Eig Sagebrush-Spiny
Hopsage! Buncharasses- $0 30 $0 $0 0 F0 F0 $0
] ] Cheatgrass
Cheatgrass-Sandberg's
14 a2 T 2,368 2,000 f0 $0 %0 $3E8 f0 $0
Building={ Parking Lots!
23 0: Gravel Pitst Disturbed Areas +0 0 %0 $0 0 0 %0 $0
Total 19,732 $2,000 0 F2,.200 $0 Fr12 2820 12,000

------------- The* speciesvalue’ isestimated for each habitat type and

------------- species combination by multiplying an estimated “ unit

-------------- value” by the estimated population size for each species.
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¥ Microsoft Excel - HERMES.MOD

155 1 23 0 2 3 T e e

Genova  [a][10 |[o] [B][7] u] [E]=]=] [s]6] , ]88 (]

Species (v] Llnit “alue [yl
l_ Burrowing Owl 2000
13 [Covate S00
4 |Loggerhead Shrike 200
57 Northern Harrier T S S I S S R .
e — Theunit valueiscurrently the ==
8 |Sagebrush Lizard 2 user 2 S best gueSS’ but COUld eaSl Iy ..................................
betheresult of more Comp|ex ..................................
. economic modelsor valuation — e
techniques, if availablefor the L.

species of interest.
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¥ Microsoft Excel - HERMES.MOD

ITI--_!T (= e | I = [ e 0 2 Y A RS T | 3 | 1

[Genova  [xf10 |[s] (Bl 7] u] (== =[] sz, ]88 [

pe [  [=SUM{D2D6
) a~ | 8 | e | o | € [ ¥ | & | W [ v | 4 [ k [ "

Dlezaription Burrowing Loggerhead | Morthern Focket Sage Sagebrush —
Cover Class Area P il Colyoke Shrike Harrier Mmiouse Sparrow Lizard
Fost-fire shrub-steppe on the
i 26 Calumbia Biver Plain 0.ra 005z h2 0173333333 41k 26 200
Big Sagebrushf Buncharasses: ., 0.034 68 01133333331 272 B3 3400
4 17 Cheatgrass
Eig Sagebrush-Spiny
Hopsage! Bunchgrazsses- 1] 0 0 0 1] 0 0
5 ] Cheatgrass
Cheatgrass-Sandberg’s 154 0154 0 0143686269  7O6 0 0
14 32 Bluegrazs=
BEuildings=d Parking Lots!
23 ni Grawel Pits! Disturbed Areas o o o 0 o o 0
Tatal 330

Similarly, population size could be theresult of
species-specific population models, but currently is
a simple calculation that incorporates.....
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E..' Microsoft Excel - HERMES.MOD

I_I_F = [ I = = 2 2 | S 5 ] 4 e

Genova  [a][10 |[o] [B][7] u] [E]=]=] [s]6] , ]88 (]

0 [ |
|_|7|7|—|—|—|—|—|—|7I_

Spemes (v] Home Range thaj
l_ Burrowing Owl a0

13 [Covate 1000

4 |Loggerhead Shrike 5

'8 [Morthern Harrier 300

16 |Pocketrrouse 0.1

|7 |Sage Sparrow 0.5

18 |Sagebrosh Lizard 0.01

LS

.. the estimated home range size for
each speciesin aideal habitat, the area
of each habitat type affected, and ....
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= S| = 85
gene .... {N€ estimated suitability of each habitat type for each
Species.
Burronwing Loggerhead i Rlorthern Sage Sagebrush ﬁ
Cover Type iDescription | Coyote Shrike Harriet Pocketmouze i Sparroww Lizard
1 Post-fire shrub-steppe on the Columbis 075 1 0.5 1.00 0.5 0.25 05
2 FabhitbrushBunchorazses 0.5 1 0.25 .61 0.4 0.23 0
3 FabbithrushiChestorass 0.3 1 0.23 0.30 0.4 1] 1]
4 Bin SagebrushiBunchorasses-Chesto 1 1 1 1.00 0.g 1 1
3 Big Sagebruzh-Spiny HopsageBunche 1 1 1 1.00 0.3 1 1
G Threetip SagebrushBunchorasses 0.5 1 0.25 .51 0.4 0.25 0.3
v Spiny HopsageBunchorasses 1 1 1 1.00 0.5 0.5 0.75
o Spiny HopsageiChestgrass 05 1 0.5 0,30 0.5 0.5 0.25
3 Black Greasewood/Sandberg's Bluegr 0.73 1 0.75 .30 05 0.5 n
10 WinterfatBunchorasses 0.75 1 0.25 0.61 0.6 1] 1]
11 Wirter fat/Cheatarass 0.5 1 0.2 0.51 0.4 n n
12 snow Buckwhestindian Ricegrazs 1 1 0.23 0.61 0.3 1] 1]
13 Bunchorasses 0.75 1 0.2 0.30 .5 1] 1]
14 isheatarass-Sandberd's Bluedrass 0.5 1 1] 0.24 0.4 n n
13 Flanted Mon-Mative Grass 0.25 1 0 0.24 0.4 n 1]
16 Bitterbrush/Bunchorasses Sand Dune 0.5 1 0.73 1.00 0.3 0.3 0.75
17 BitterbrushiChestograss 0.3 1 0.3 0.0 0.3 0.25 0.25
18 Alkal Satarass-Cheatorass 0.25 1 0 0.0 0.4 1] 1]
19 Riparian 0.5 1 0 0.51 1 1] 1]
20 Bazalt Outcrops 0.25 1 ] 0.51 0.2 ] ]
21 Aaricuttural Areas 0.3 1 1] .30 0.4 n 1]
22 ahandoned Old Fields 0.5 1 0 0.50 0.5 1] 1]
23 BuildingsParking LotsiGrayvel PitsDisty 1] 1] 0 0.00 1] 1] 1]
24 Rivering Wietlands and Associated Deg 1] 1] 0 0.00 1] 1] 1]
23 Mon-Riverine wetlands and Associates 1] 1] 0 0.00 n n 1]
26 Cliffs Nivhite Bluffs) 1] 1] 1] 0.00 1] 1] 1]
HSI1

-4 Microsoft Excel - HER...




= e [ = 85
Geneva 10 E]
B2s
Burronwing Loggerhead i Rlorthern Sage Sagebrush
Cover Type iDescription | Coyate Shrike Hatrier Pocketmouze i Sparroww Lizard
1 Pozst-fire shrub-steppe on the Columkbiz 075 1 0.5 1.00 0.5 0.25 05
2 FabhitbrushBunchorazses 0.5 1 0.25 .61 0.4 0.23 0
3 FabbithrushiChestorass 0.3 1 0.25 0.30 0.4 1] 1]
4 Bin SagebrushiBunchorasses-Chesto 1 1 0.33 1.00 0.g 1 1
3 Big Sagebruzh-Spiny HopsageBunche 1 1 1 1.00 0.3 1 1
G Threetip SagebrushBunchorasses 0.5 1 0.25 .51 0.4 0.25 0.3
v Spiny HopsageBunchorasses 1 1 1 1.00 0.5 0.5 0.75
o Spiny HopsageiChestgrass 05 1 0.5 0,30 0.5 0.5 0.25
3 Black Greasewood/Sandberg's Bluegr 0.73 1 0.75 .30 05 0.5 n
10 WinterfatBunchorasses 0.75 1 0.25 0.61 0.6 1] 1]
11 Wirter fat/Cheatarass 0.5 1 0.2 0.51 0.4 n n
\
....... Changesto any of these parameterswill alter the overall |
------- value calculations. For instance, changing the suitability &
....... ) ) =
= of big sagebrush/bunchgrass-cheatgrass habitat for |
- \
_______ logger head shrikesfrom 1t0 0.33.... |
\
22 ahandoned Old Fields 0.5 1 0 0.50 0.5 1] 1]
23 BuildingsParking LotsiGrayvel PitsDisty 1] 1] 0 0.00 1] 1] 1]
24 Rivering Wietlands and Associated Deg 1] 1] 0 0.00 1] 1] 1]
25 Mon-Riverine Wetlands and Associates 1] 1] 0 0.00 1] 1] 1]
26 Clitfs Névhite Bluffs) 1] 1] 0 0.00 1] n 1]




¥ Microsoft Excel - HERMES.MOD
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Genova  [a][10 |[o] [B][7] u] [E]=]=] [s]6] , ]88 (]

D7 (& |
I_I—I—Iil—l—l—l—l—l—l—

l_ Cover Class Areg Description Wit Cost  iSpecies VWalue: Other Value ¢ Total VWalue
Fost-fire shrub-steppe on the
1 26 Columbia River Plain §7a 000 7188 k85 185
Big Sagebrush/
4 17: Bunchgrasses-Cheatgrass b D00 9376 b7 376
Big =agebrush-Spiny
Hopsage! Bunchgrasses-
5 ] Cheatgrass 0 a B0
Cheatgrass-Sandberg's
14 92 Eluegrass §0 2365 §2 355
Buildings! Parking Latsf
23 U: GGravel Pitss Disturbed Areas HU u hU
Total Cost B146 000 $15 932 il B164 952

...would reduce the shrike population size, and
therefore, reducethe overall species value estimate.
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HERMES Extensions

m One extension allows user to compare ecological
impacts of alternative burial sites for waste site
remediation projects

m HERMES estimates the area requirement for
specified amounts of material and depth of
proposed burial ground

m Side slopes and spoils storage areas taken into
account



2 ArcView GIS Version 3.0
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Wewill bury our wastein a
different part of the Hanford Site.
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2 ArcView GIS Version 3.0
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= A HERM ES-specific tool performs
therequired calculations.

&l Arcyview GIS Version 3... |




2 ArcView GIS Version 3.0
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% Hanford Site
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1

oy
— Theuser can select any or all the excavations.

&l Arcyview GIS Version 3... |




2 ArcView GIS Version 3.0
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The user providesinformation about the depth of
the burial ground and cover-cap requirements.

& 1 Burial Parameters

&l Arcyview GIS Version 3... |




2 ArcView GIS Version 3.0
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hermes.calcBurialirea

i

HERMES calculatestherequired
area for the burial ground.

&l Arcyview GIS Version 3... |




2 ArcView GIS Version 3.0
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Theuser selectsa burial ground location and
drawsone side. HERMES automatically
calculatesthe other dimension.

& Arcview GIS Version 3...




2 ArcView GIS Version 3.0

HERMESthen identifiesthe habitat types
within the selected site and estimatesthe area
of each habitat polygon. The data arethen
passed to the spreadsheet component ....

& Arcview GIS Version 3... | =
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Geneva  [s][10 5] [B] 2| u)[E==E) (8] 2], 58058 (2
EEGI E

A B €6 | b | E | F | 6 |-
—
over Class Area Description Mit Cost iSpecies Value! Other Value | Total Value
Fost-fire shrub-steppe on
1 38ithe Columbia River Plain i $114,000 12444 $126, 444
Eig Sagebrush-Spiny
Hopsage! Bunchgrasses-
4 51 Cheatgrass $729 000 20168 754 168
Tatal Cost $£543 000 f67.612 £0 . $910,612 =
—

-

(4l » I M. Cover Classes
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2 ArcView GIS Version 3.0
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Geneva  [[E][10 ][] ] o] E|E|=]=) (8] 2] [58]28) [2
EENGER T

A B8] ¢ | b | E | F | =
]_ over Class Area Description Mit Cost iSpecies Value: Other Value | Total Value -
Eig Sagebrush-Spiny
Hopsage! Bunchgrasses-

3] 17 Cheatgrass $153,000 10176 $163,176
|7 Cheatgrass-Sandberg's

140 102 Bluegrass $0 4408 $4 408
’_
5 Total Cost $153.000 @ $14 584 30 $167,584
’_
7 . .
8 | Still expensive, but better.
’_
’_
F
’_ LS
’_
’_
—

-

(4l » I M. Cover Classes




Potential Extensions

m Analyze habitat value rather than $$ value

m Restore site to any user-selected cover type,
regardless of original cover type

m Calculate borrow site dimensions and associated
ecological costs

m Calculate engineering costs for infrastructure
development (i.e., roads, utilities)

m Include cultural resource concerns



M Use in Risk Assessment

m Exploring integrating HERMES and MEPAS
within FRAMES to allow for spatial assessment of
ecological/human health risk

m MEPAS would provide spatial grid of contaminant
concentrations

m HERMES would provide the area of each habitat
type at each concentration level



Use in Risk Assessment - cont’d

m Output of MEPAS/HERMES integration will be
used to predict potentially affected species and
the number of affected individuals at each
concentration level

m Predict changes in habitat value over time due to
the contaminants

m Mitigation decisions could be based on habitat
value rather than cost-to-replace



Requirements for Adaptation

of HERMES to Other Settings

m Rastorized GIS map of habitat/cover types

m Site-specific framework for habitat restoration /
mitigation decision making

m Estimates of costs to perform actions
m List of indicator species

m Estimates of home range and habitat suitability
matrix for each species



. For more information contact:

Michael R. Sackschewsky, Ph.D.
Pacific Northwest National Laboratory
P.O. Box 999 MSIN K6-84
Richland, WA 99352
(509) 376-2554
michael.sackschewsky@pnl.gov



