2000 - 2001 Winter Import Studies Report

This study addresses the Puget Sound and Willamette Valley/Southwest Washington (WILSWA) area voltage collapse issues as well as import capability on the California - Oregon Intertie (COI) for the upcoming 2000 - 2001 winter season.

1.0
Executive Summary

The post-transient studies found operating indicators which are proxies to predict the level of risk for a voltage collapse in each area of concern.  Many sensitivities were studied to ensure that the indicators covered a wide range of system conditions and are discussed in detail in the Study Methodology section 2.0.  The indicators also use combinations of various westside path flows which are defined in Appendix A.  A list of contingencies used in the studies are found in Appendix B.

There is a risk for Under-Voltage Load Shedding to occur for operation above the indicators outlined in this report.

1.1
Puget Sound Area

The Puget Sound area is bounded by the two Ingledow - Custer 500 kV lines to the north, the West-of-Cascades North path to the east, the South of Chehalis path to the south and the Olympic Peninsula load area to the west.

The most consistent indicator to protect for all conditions studied is to use the sum of the West-of-Cascades North path and 70 percent of the import from Canada on the two Ingledow - Custer 500 kV lines.  This is given in equation form below.
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 value is for north-to-south flows.  It was the most consistent indicator of all the possible combinations of path flows going into the Puget Sound load area.  Using this as the indicator the N-0 (all lines in service) risk level was found to be 8300 MW.  The N-1 and N-2 risk levels were virtually identical and were found to be 8000 MW.  A 100 MW reduction in Puget Sound area load reduces the indicator by 60 MW.

The worst N-1 contingency for the Puget Sound area is the loss of the Chief Joe - Monroe 500 kV line.  The worst N-2 contingencies are the common tower double 500 kV line losses of either Raver - Schultz 1&2 or Coulee - Schultz 1&2.

1.2
WILSWA Area

The WILSWA area is bounded by the South of Chehalis path to the north, the West-of-Cascades South path to the east and the South of WILSWA path to the south.

The most consistent indicator to protect for all conditions studied is to use the sum of the West-of-Cascades South path and half of the flow on the South of WILSWA path.  This is given in equation form below.
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 value is for south-to-north flows.  It was the most consistent indicator of all the possible combinations of path flows going into the WILSWA load area.  Using this as the indicator the N-0 (all lines in service) risk level was found to be 8200 MW.  The N-1 and N-2 risk levels were virtually identical and were found to be 7900 MW.  A 100 MW reduction in WILSWA area load reduces the indicator by 50 MW.

The worst N-1 contingency for the WILSWA area is the loss of the Big Eddy - Ostrander 500 kV line.  The worst N-2 contingencies are the Pearl breaker failure (loosing the Keeler - Pearl and Pearl - Marion 500 kV lines) and the common right-of-way double 500 kV line loss of Marion - Alvey & Marion - Lane.

1.3
COI Import Capability

An operating equation was found to predict the maximum import capability on the COI while still maintaining voltage stability for even the worst N-2 contingency.  It is as follows.
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In the above equation 
[image: image8.wmf]WSL

 is the Net Westside load and 
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 is the east-to-west flow on the Midpoint Summer Lake 500 kV line and is limited to its rated value of 1500 MW.  A west-to-east flow would be entered in as a negative value for 
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 and is limited to its rated value of 400 MW.  The Net Southern AC Import quantity is the greater of the COI import or the COI + RATS imports.  The COI import is limited to its rated value of 3675 MW and RATS is limited to its south-to-north import rating of 300 MW.

The worst N-1 contingency for COI imports is the Bi-pole loss of the Pacific DC Intertie (PDCI).  The worst N-2 contingency is the common corridor loss of the Malin - Round Mountain 1&2 500 kV lines.

2.0
Study Methodology

2.1
Puget Sound and WILSWA Areas

The post-transient powerflow studies for the Puget Sound and WILSWA areas were conducted simultaneously.  The basecase used began as a 1:20 extra-heavy winter case with maximum (3100 MW) import on the DC intertie.  The Puget Sound and WILSWA load areas were then reduced to 1:2 levels.  In the studies the loads in Puget Sound and WILSWA areas were then slowly increased in various ways until a voltage collapse occurred.  The load increases were used to simulate the system response as temperatures decrease.  All loads were modeled as constant power for a conservative assumption.  The combinations in which the loads were increased were:  Puget Sound only, WILSWA only, Puget Sound and WILSWA uniformly, Puget Sound increased twice as fast as WILSWA and finally WILSWA increased twice as fast as Puget Sound.

For each combination four different sources were used to serve the increasing area loads.  The sources used were:  Canada (through the two Ingledow - Custer 500 kV lines), California (through the COI), the Upper Columbia (via Grand Coulee) and the Lower Columbia (via John Day).  Combinations of sources were not considered as it would yield too many permutations to study.  Therefore, with the five load increase possibilities and four different sources, this gave 20 scenarios to determine system risk levels from.

As the load increased in each scenario all of the contingencies were applied as well.  The N-1 and N-2 contingencies were applied separately so risk levels for each could be determined.  The cases where no contingency was applied gave the N-0 system risk level.  No shunt devices were allowed to switch in the post-transient time frame.  This is a conservative assumption which may not be valid due to slow voltage collapse phenomena of extra-heavy winter peak loads.

The Olympic Peninsula and Southern Oregon load areas were not varied in these studies and were left fixed at 1:20 load levels.  Varying these areas’ loads would only distort the results for the Puget Sound and WILSWA areas.  An example of this is discussed in section 2.2 as it pertains to COI import capability.  A flow of 1250 MW was fixed going into the Olympic Peninsula, and a load level of 1450 MW was held constant for the Southern Oregon load area.  Leaving these values fixed would assure all results for the Puget Sound, WILSWA and COI import studies would not be skewed by load related problems specific to these areas.  Having them fixed at 1:20 levels would further show the simultaneous capabilities for serving load in the other areas while maintaining extra-heavy loads in Southern Oregon and the Olympic Peninsula.

The “through flow” quantities for the Puget Sound and WILSWA areas from all COI import study cases were also considered in determining risk levels for these regions.  Here, a “through flow” is defined as any flow passing through an area where the flow is not used to serve the area’s own load.  The sensitivity to imports on the DC intertie was also addressed by way of the COI import study cases.

2.2
COI Import Capability

The post-transient powerflow studies for the COI import study also began from a 1:20 extra-heavy winter basecase and the COI import adjusted to an initial value of zero.  For the COI import studies the loads remained fixed at 1:20 levels and generation was offset to increase the import on the COI.  Two possibilities were considered for offsetting generation with increased COI imports.  The first was to gradually increase exports to Canada and the second was to decrease generation levels East of the Cascades; specifically at Grand Coulee and John Day.  This covered changes on both sides of the Cascades.

By leaving the loads fixed at 1:20 levels the studies would show the simultaneous import capability on the COI coupled with an extreme peak load condition.  Previous studies had been run where load was increased in various westside regions and served from the COI, similar to how the Puget Sound and WILSWA risk levels were determined.  However, the results of these studies only show how high the loads can be in any given region and not necessarily how much import can be allowed on the COI.  One example of this was in the Southern Oregon load area.  In one study the Southern Oregon load was increased and served from the COI.  The COI had reached an import level of 500 MW when a voltage collapse occurred, but the corresponding Southern Oregon load was well over 1500 MW.  Therefore, this result did not mean that the COI must be limited to 500 MW, but rather Southern Oregon is at risk for voltage collapse when Southern Oregon load is well over 1500 MW which is higher than its peak 1:20 condition of 1450 MW.  Also, another check was performed to confirm this theory.  The Southern Oregon load was again increased, but was served by increased generation from Grand Coulee instead of increased COI imports.  It was found that the Southern Oregon load collapsed at the same level which confirms this is a load level limitation rather than a transfer limitation.  PacifiCorp is in the process of installing a second transformer at Meridian to increase their load serving capability.

Several sensitivities were considered when determining the COI import capability.  These were westside load level, Midpoint - Summer Lake flow, RATS flow and import levels on the Pacific DC Intertie.

As the COI import transfer was increased in each scenario, and for each sensitivity study, all of the N-1 and N-2 contingencies were applied.  Doing this would ensure that the studies would find the maximum import capability on the COI while still maintaining voltage stability for even the worst possible contingency.

3.0
Study Results

For the Puget Sound and WILSWA load areas the studies have identified system risk levels of a possible slow voltage collapse.  In order to guarantee the safe and reliable operation of the power system several conservative assumptions were made and worst-case situations were studied to arrive at the risk levels presented in this report.  Therefore, the risk levels should be used as warning sign of heavy system loading.  Load tripping actions are taken only based on real-time system voltages and loading conditions and not on the risk levels.

Furthermore, both the Puget Sound and WILSWA load areas have several Under-Voltage Load Shedding (UVLS) relays installed throughout the region.  The UVLS program was designed to strategically remove load quickly when voltages are severely depressed.  This load reduction would protect the system against a voltage collapse.

3.1
Puget Sound Area

The post-transient powerflow studies for the Puget Sound load area showed that a reliable measurement could be monitored as a proxy to indicate the risk of a voltage collapse.  An analysis of all the studied permutations including relevant cases from the COI import study found the following voltage collapse risk indicator.
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 value is for north-to-south flows.  It was the most consistent indicator of all the possible combinations of path flows going into the Puget Sound load area.  Using this as the indicator the N-0 (all lines in service) risk level was found to be 8300 MW.  The N-1 and N-2 risk levels were virtually identical and were found to be 8000 MW.  A 100 MW reduction in Puget Sound area load reduces the indicator by 60 MW.

The worst N-1 contingency for the Puget Sound area is the loss of the Chief Joe - Monroe 500 kV line.  The worst N-2 contingencies are the common tower double 500 kV line losses of either Raver - Schultz 1&2 or Coulee - Schultz 1&2.

3.2
WILSWA Area

The post-transient powerflow studies for the WILSWA load area showed that a reliable measurement could be monitored as a proxy to indicate the risk of a voltage collapse.  An analysis of all the studied permutations including relevant cases from the COI import study found the following voltage collapse risk indicator.
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 value is for south-to-north flows.  It was the most consistent indicator of all the possible combinations of path flows going into the WILSWA load area.  Using this as the indicator the N-0 (all lines in service) risk level was found to be 8200 MW.  The N-1 and N-2 risk levels were virtually identical and were found to be 7900 MW.  A 100 MW reduction in WILSWA area load reduces the indicator by 50 MW.

The worst N-1 contingency for the WILSWA area is the loss of the Big Eddy - Ostrander 500 kV line.  The worst N-2 contingencies are the Pearl breaker failure (loosing the Keeler - Pearl and Pearl - Marion 500 kV lines) and the common right-of-way double 500 kV line loss of Marion - Alvey & Marion - Lane.

3.3
COI Import Capability

The post-transient powerflow studies for COI imports showed sensitivities to high westside load levels, east-to-west imports on the Midpoint - Summer Lake line and imports on the RATS line.

For the load sensitivity the original 1:20 case was compared to a peak 1:2 load case.  The results of these studies indicated that the COI import capability is slightly affected by high westside load levels.  For every 100 MW that the westside load exceeded 17000 MW then the COI import was reduced by 15 MW.  These load sensitivity studies also helped filter the outages which were strictly load related rather then transfer related.

The sensitivity to flows on the Midpoint - Summer Lake line were found by comparing the original flow of a 450 MW import to that of a 200 MW import case.  This sensitivity showed a 1:1 relationship with respect to import capability on the COI.  For every megawatt increase in imports on the Midpoint - Summer Lake line then the COI import capability must be reduced by one megawatt.  This result was consistent with previous study results.

The sensitivity to flow on the RATS line (Hilltop - Bordertown 345 kV) was performed by comparing the original 100 MW export value to a 180 MW import value.  The results of this sensitivity indicated that import values on the RATS line needed to be added to COI import values to yield a Net Southern AC Import quantity and that export values on the RATS line should be ignored in any COI import calculation.

The sensitivity to imports on the DC intertie was determined by comparing the original import of 3100 MW to that of a 2000 MW import case.  These studies showed no sensitivity as far as COI imports were concerned.  However, they did show that offsetting imports on the DC with increased imports on the COI was beneficial for the WILSWA and Puget Sound load areas.  This is because it reduces the east-to-west cross-mountain flows into the westside region.

Analyzing all of the scenarios for each sensitivity and the worst contingency yielded the following relationship to determine the COI import capability.


[image: image19.wmf](

)

(

)

{

17000

 

05

.

0

 

,

17000

 

15

.

0

6

.

0

17000

3800

Import 

 

AC

Southern 

Net 

£

>

=

-

-

-

=

WSL

WSL

L

MPSL

WSL

L


In the above equation 
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 is the east-to-west flow on the Midpoint Summer Lake 500 kV line and is limited to its rated value of 1500 MW.  A west-to-east flow would be entered in as a negative value for 
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 and is limited to its rated value of 400 MW.  The Net Southern AC Import quantity is the greater of the COI or the COI + RATS.  The COI import is limited to its rated value of 3675 MW and RATS is limited to its south-to-north import rating of 300 MW.

The worst N-1 contingency for COI imports is the Bi-pole loss of the Pacific DC Intertie (PDCI).  The worst N-2 contingency is the common corridor loss of the Malin - Round Mountain 1&2 500 kV lines.

Appendix A:  Path Definitions

All transmission lines and transformers have been listed in the direction of positive flow.  The underlined text indicates the line end, or transformer side, where the flow is monitored.

Ingledow - Custer 500 kV lines (N-S)

Ingledow - Custer #1 500 kV

Ingledow - Custer #2 500 kV

Olympic Peninsula (into the Peninsula)

Olympia - Shelton #1 115 kV

Olympia - Shelton #2 115 kV

Olympia - Shelton #3 230 kV

Olympia - Shelton #4 230 kV

Olympia - Kitsap 230 kV

South of Chehalis (N-S)

Paul - Allston #1 500 kV

Paul - Allston #2 500 kV

Chehalis - Longview #1 230 kV

Chehalis - Longview #3 230 kV

Chehalis 230/115 kV Transformer Bank #2

Cosmopolis - Raymond 115 kV

South of WILSWA (S-N)

Dixonville - Alvey #1 500 kV

Dixonville - Alvey 230 kV

Dixonville - Reston 230 kV

West-of-Cascades North (E-W)

Chief Joe - Snohomish #3 345 kV

Chief Joe - Snohomish #4 345 kV

Chief Joe - Monroe 500 kV

Rocky Reach - Maple Valley 345 kV

Rocky Reach - White River 230 kV

Columbia - Covington 230 kV

Schultz - Raver #1 500 kV

Schultz - Raver #2 500 kV

Schultz - Raver #3 500 kV

Schultz - Raver #4 500 kV

Grand Coulee - Olympia 287 kV

West-of-Cascades South (E-W)

Midway - North Bonneville 230 kV

Hanford - Ostrander 500 kV

McNary - Ross 345 kV

Big Eddy - Troutdale 230 kV

Big Eddy - McLoughlin 230 kV

Big Eddy - Chemawa 230 kV

Big Eddy - Ostrander 500 kV

John Day - Marion 500 kV

Ashe - Marion 500 kV

Buckley - Marion 500 kV

McNary - Santiam 230 kV

Round Butte - Bethel 230 kV

Southern Oregon Net Import (into the load area)

Alvey - Dixonville #1 500 kV

Alvey - Dixonville 230 kV

Reston - Dixonville 230 kV

Captain Jack - Meridian 500 kV

Malin 500/230 kV Transformer Bank #1

Cascade - Delta 115 kV

La Pine - Chiloquin 230 kV

Hilltop 345/230 kV Transformer Bank #1

California - Oregon Intertie (COI) (N-S)

Malin - Round Mountain #1 500 kV

Malin - Round Mountain #1 500 kV

Captain Jack - Olinda 500 kV

Reno - Alturas (RATS) (N-S)

Hilltop - Bordertown 345 kV

Net Westside Load (into the Westside load area)

Ingledow - Custer #1 500 kV

Ingledow - Custer #2 500 kV

Chief Joe - Snohomish #3 345 kV

Chief Joe - Snohomish #4 345 kV

Chief Joe - Monroe 500 kV

Rocky Reach - Maple Valley 345 kV

Rocky Reach - White River 230 kV

Columbia - Covington 230 kV

Schultz - Raver #1 500 kV

Schultz - Raver #2 500 kV

Schultz - Raver #3 500 kV

Schultz - Raver #4 500 kV

Grand Coulee - Olympia 287 kV

Midway - North Bonneville 230 kV

Hanford - Ostrander 500 kV

McNary - Ross 345 kV

Big Eddy - Troutdale 230 kV

Big Eddy - McLoughlin 230 kV

Big Eddy - Chemawa 230 kV

Big Eddy - Ostrander 500 kV

John Day - Marion 500 kV

Ashe - Marion 500 kV

Buckley - Marion 500 kV

McNary - Santiam 230 kV

Grizzly - Round Butte #1 500 kV

Ponderosa 500/230 kV Transformer Bank

Captain Jack - Meridian 500 kV

Malin 500/230 kV Transformer Bank #1

Bordertown - Hilltop 345 kV

Appendix B:  Contingencies Studied

N-1

ALLSTON-KEELER 500 kV

ALVEY-DIXONVILLE 500 kV

ALVEY-MARION 500 kV

ASHE-HANFORD 500 kV

ASHE-MARION 500 kV

ASHE-SLATT 500 kV

BIG EDDY-OSTRANDER 500 kV

BOARDMAN-SLATT 500 kV

BUCKLEY-GRIZZLY 500 kV

BUCKLEY-MARION 500 kV

CAPTAIN JACK-MALIN #1 500 kV

CAPTAIN JACK-MALIN #2 500 kV

CAPTAIN JACK-MERIDIAN 500 kV

CAPTAIN JACK-OLINDA 500 kV

CHIEF JOE-MONROE 500 kV

CHIEF JOE-SICKLER 500 kV

COULEE-CHIEF JOE 500 kV

COULEE-HANFORD 500 kV

COULEE-SCHULTZ #1 500 kV

COULEE-SCHULTZ #2 500 kV

CUSTER-INGLEDOW #1 500 kV

CUSTER-INGLEDOW #2 500 kV

CUSTER-MONROE #1 500 kV

CUSTER-MONROE #2 500 kV

DIXONVILLE-MERIDIAN 500 kV

ECHOLAKE-MAPLE VALLEY 500 kV (OR MAPLE VALLEY BANK)

GRIZZLY-CAPTAIN JACK 500 kV

GRIZZLY-MALIN 500 kV

GRIZZLY-ROUND BUTTE 500 kV (OR ROUND BUTTE BANK)

GRIZZLY-SUMMER LAKE 500 kV

HANFORD-JOHN DAY 500 kV

HANFORD-LOWER MONUMENTAL 500 kV

HANFORD-OSTRANDER 500 kV

JOHN DAY-BIG EDDY #1 500 kV

JOHN DAY-BIG EDDY #2 500 kV

JOHN DAY-GRIZZLY #1 500 kV

JOHN DAY-GRIZZLY #2 500 kV

JOHN DAY-MARION 500 kV

KEELER-PEARL 500 kV

LOWER MONUMENTAL-ASHE 500 kV

LOWER MONUMENTAL-MCNARY 500 kV

MALIN-ROUND MOUNTAIN #1 500 kV

MALIN-ROUND MOUNTAIN #2 500 kV

MARION-LANE 500 kV (OR LANE BANK)

MARION-SANTIAM 500 kV (OR SANTIAM BANK)

MCNARY-SLATT 500 kV

MIDPOINT-SUMMER LAKE 500 kV

MONROE-ECHOLAKE 500 kV

OSTRANDER-MCLOUGHLIN 500 kV (OR MCLOUGHLIN BANK)

OSTRANDER-PEARL 500 kV

OSTRANDER-TROUTDALE 500 kV (OR TROUTDALE BANK)

PAUL-ALLSTON #1 500 kV

PAUL-ALLSTON #2 500 kV

PAUL-OLYMPIA 500 kV (OR OLYMPIA BANK)

PAUL-SATSOP 500 kV (OR SATSOP BANK)

PEARL-MARION 500 kV

RAVER-COVINGTON #1 500 kV (OR COVINGTON BANK #4)

RAVER-COVINGTON #2 500 kV (OR COVINGTON BANK #5)

RAVER-ECHOLAKE 500 kV

RAVER-PAUL 500 kV

RAVER-TACOMA 500 kV (OR TACOMA BANK)

SCHULTZ-RAVER #1 500 kV

SCHULTZ-RAVER #2 500 kV

SCHULTZ-RAVER #3 500 kV

SCHULTZ-RAVER #4 500 kV

SCHULTZ-SICKLER 500 kV

SLATT-BUCKLEY 500 kV

SLATT-JOHN DAY 500 kV

SUMMER LAKE-MALIN 500 kV

VANTAGE-HANFORD 500 kV

VANTAGE-SCHULTZ 500 kV

DC BI-POLE

DC MONO-POLE

ASHE GENERATION

CENTRALIA UNIT #2

CHIEF JOE-SNOHOMISH #3 345 kV

CHIEF JOE-SNOHOMISH #4 345 kV

COULEE-OLYMPIA 287 kV

ROCKY REACH-MAPLE VALLEY 345 kV

MCNARY-ROSS 345 kV

BOTHELL-SAMMAMISH 230 kV

SNOHOMISH-MURRY 230 kV

ALLSTON BANK #1

ALLSTON BANK #2

ALVEY BANK #5

BIG EDDY BANK #2

BIG EDDY BANK #5

CHIEF JOE BANK #3

COULEE BANK

CUSTER BANK #1

CUSTER BANK #2

DIXONVILLE BANK

KEELER BANK #2

MALIN BANK

MCNARY BANK #1

MERIDIAN BANK

MONROE BANK #1

PEARL BANK #1

PONDEROSA BANK #1

SACAJAWEA BANK #1

SICKLER BANK #1

VANTAGE BANK #1

VANTAGE BANK #2

N-2

BFR ALLSTON-KEELER-PEARL

BFR ALVEY-DIXONVLE-MERIDINP

BFR ASHE-HANFORD-JOHN DAY

BFR ASHE-MARION-ALVEY

BFR ASHE-SLATT-BUCKLEY

BFR ASHE-SLATT-JOHN DAY

BFR ASHE-SLATT-SCRAM

BFR BIG EDDY-JOHN DAY #1 (+CAPS)

BFR BUCKLEY-GRIZZLY-SUMMER LAKE

BFR CAPTJACK-MALIN-ROUND MT1

BFR CUSTER-MONROE-ECHOLAKE

BFR DIXONVLE-MERIDINP-CAPTJACK

BFR DWORSHAK-HATWAI-LOW GRAN

BFR GRIZZLY-CAPTJACK-MALIN

BFR GRIZZLY-MALIN-ROUND MT

BFR HANFORD-JOHN DAY-BIG EDDY

BFR HANFORD-OSTRNDER-PEARL

BFR INGLEDOW-CUSTER-MONROE #1

BFR JOHN DAY(+CAPS)-GRIZZLY

BFR JOHN DAY(+CAPS)-MARION

BFR JOHN DAY-BIG EDDY(2)-OSTRNDER

BFR JOHN DAY-GRIZZLY-MALIN

BFR KEELER-PEARL-MARION

BFR KEELER-PEARL-OSTRNDER

BFR LIT GOOS-LOW MON-ASHE

BFR LOW MON-MCNARY-SLATT

BFR MARION-ALVEY-DIXONVLE

BFR MCNARY-SLATT-BOARD F

BFR MCNARY-SLATT-JOHN DAY

BFR MERIDINP-CAPTJACK-MALIN

BFR MONROE-ECHOLAKE-RAVER

BFR OSTRNDER-HANFORD-LOW MON

BFR PAUL-ALLSTON-KEELER

BFR RAVER-ECHOLAKE-MAPLE VALLEY

BFR RAVER-PAUL-CENTR G2

BFR SCHULTZ-VANTAGE-HANFORD

BFR SLATT-BUCKLEY-MARION

BFR SLATT-JOHN DAY-GRIZZLY

BFR SUMMER L-MALIN-CAPTJACK

BFR VANTAGE-HANFORD(+CAPS)

L/D ASHE-MARION/ASHE-SLATT

L/D ASHE-MARION/BUCKLEY-MARION

L/D ASHE-MARION/SLATT-BUCKLEY

L/D ASHE-SLATT/SLATT-BUCKLEY

L/D COULEE-SCHULTZ 1&2

L/D GRIZZLY-/SUMMER LAKE-MALIN

L/D GRIZZLY-CAPTAIN JACK/-SUMMER LAKE

L/D GRIZZLY-CAPTAIN JACK/SUMMER LAKE-MALIN

L/D GRIZZLY-MALIN/-CAPTAIN JACK

L/D GRIZZLY-MALIN/-SUMMER LAKE

L/D HANFORD-JOHN DAY/OSTRANDER

L/D JOHN DAY-GRIZZLY 1&2

L/D JOHN DAY-GRIZZLY/BUCKLEY-GRIZZLY

L/D MALIN-ROUND MTN 1&2

L/D MARION-ALVEY/MARION-LANE (OR LANE BANK)

L/D MONROE-CUSTER 1&2

L/D PAUL-ALLSTON 1&2

L/D RAVER-SCHULTZ 1&2

G-2 CENTRALIA

G-2 PALO VERDE

3TR BOTHELL/HORSERANCH/SEDRO

3TR MONROE/SNOKING/SAMMAMISH

3TR MURRY/CUSTER/SEDRO

Appendix C:  Area Map
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