[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: _GoBack]Fish Passage Plan (FPP) Change Request Form
Change Form # & Title:	18LMN003 – Unit Priority Order and 1% Range	 
Date Submitted: 		February 1, 2018		
Project: 			Lower Monumental Dam				
Requester Name, Agency: 	Chuck Barnes/Sarah Wilson, USACE – Walla Walla	 
Final Action:			APPROVED as Revised 2/8/18
FPP SECTION:  LMN sections 4.1. (Unit Priority Order) and 4.2. (Unit Operating Range). 

JUSTIFICATION FOR CHANGE: Due to blade seal failures on multiple units and the hydraulic fixing of blades on several units to minimize stress and potential damage to turbine hub components it is desirable to minimize the number of starts and stops these units experience.  The attached table reflects an attempt by the project to minimize damage to those parts by making the fixed blade units last on and last off where possible. Until the rehabilitation of Unit 1 is completed it will be necessary to operate Unit 2 as the Fish Priority Unit. This table was developed with maximizing attraction flow at the North Fish Ladder Entrance a priority without compromising the condition of the internal components of the turbine hub
Also updates the Lower Monumental 1% operating range tables to reflect the current status of Units 1-4. 

PROPOSED CHANGE: (see next page for edits to existing FPP text in track changes)

COMMENTS:
2/8/18 FPOM: There was discussion about the Stop order and where Unit 3 and 4 should be placed since they are fixed at different operating points. The recommendation was to add “3 or 4 any order” to provide flexibility depending on flows.
RECORD OF FINAL ACTION:  	APPROVED as revised at FPOM 2/8/18

[bookmark: _Ref493078501]PROPOSED CHANGE: (edits to existing FPP text in track changes)


4.1. 	Turbine Unit Priority Order
4.1.1. From March 1 through November 30, turbine units will be operated in the order of priority defined in Table LMN-5 in order to enhance adult and juvenile fish passage.  If a turbine unit is out of service for maintenance or repair, the next unit in the priority order shall be operated.
4.1.2. Unit priority order may be coordinated differently to allow for fish research, construction, or project maintenance activities.
4.1.3. Unit 1 provides the best fish passage conditions by eliminating the eddy at the juvenile fish loading dock and providing attraction flow to the North adult fish ladder. Therefore, the default priority order for fish passage is Units 1-6 (in order from north to south). However, due to failure of the blade linkagesseals on Units 2, 3, and 4, the blades were welded hydraulically blocked in a fixed position (non-adjustable), which restricts these units to a narrow operating range (see 1% range tables in section 4.2). To avoid excessive wear and tear from repeated starts/stops, Units 1 is 2, 3, and 4 are operated last-on/firstlast-off in the priority order for all flow conditions until repairs are completed (currently scheduled for Unit 4 by 2016–2017 the end of FY18). When Unit 1 is not available, Unit 2 will be the first priority unit for fish passage. Unit 1 may be turned off at the project operator’s discretion when flows are between 55-70 kcfs. 
[bookmark: _Ref442195932]Table LMN-5.  Lower Monumental Dam Turbine Unit Priority Order.
	SEASON
	UNIT PRIORITY ORDER

	Fish Passage Season 
March 1 – November 30
	DEFAULT
1, 2, 3, 4, 5, 6 then 1*

	
	MODIFIED ORDER for FIXED-BLADE UNITS*
Start-up (U1 available):  1,  5,  6,  2*, 3*,  4*
Start-up (U1 not available):  2*, 5,  6,  3*, 4*
Shutdown:  6,  5,  3* or  4* any order, then 2*, 1

	Winter Maintenance 
December 1 – End of February
	Any Order 
(fixed-blade units last-on/last-off, at project operator’s discretion)


*If no spill is occurring, U1 may be operated at any priority level at the discretion of project personnel.  U1 has fixed blades (non-adjustable) and can operate only at about 130 megawatts (see section 4.1.3).  
[bookmark: _Ref442195973]*As of February 2018, Units 2, 3, and 4 have hydraulically blocked blades and will be operated in a modified priority order to minimize starts/stops. When Unit 1 is unavailable, Unit 2 will be first priority for fish passage. When the blade seals are replaced (currently scheduled for Unit 4 in FY18), the unit will resume operating in its default priority order. 

· Delete Table LMN-6 for Unit 1 w/ fixed blades (no longer relevant) and move Unit 1 to table below for full 1% range.

Table LMN-6.  Lower Monumental Dam Turbine Unit Power (MW) and Flow (kcfs) at ±1% of Peak Turbine Efficiency (Lower and Upper Limits of 1% Range).a 
	Turbine Unit 1

	Project Head (feet)
	With STS
	No STS

	
	Lower Limit (-1%)
	Upper Limit (+1%)
	Lower Limit (-1%)
	Upper Limit (+1%)

	
	MW
	kcfs
	MW
	kcfs
	MW
	kcfs
	MW
	kcfs

	85
	106.9
	18.2
	113.8
	19.3
	108.5
	18.2
	115.3
	19.4

	86
	108.6
	18.2
	115.4
	19.4
	110.1
	18.3
	116.9
	19.4

	87
	110.2
	18.3
	116.9
	19.4
	111.8
	18.3
	118.5
	19.4

	88
	111.8
	18.3
	118.5
	19.4
	113.4
	18.3
	120.1
	19.4

	89
	113.5
	18.3
	120.1
	19.4
	115.1
	18.4
	121.7
	19.4

	90
	115.0
	18.3
	121.6
	19.4
	116.7
	18.4
	123.3
	19.4

	91
	116.4
	18.3
	123.1
	19.4
	118.1
	18.4
	124.8
	19.4

	92
	117.8
	18.3
	124.6
	19.4
	119.5
	18.4
	126.3
	19.4

	93
	119.2
	18.3
	126.0
	19.4
	120.9
	18.4
	127.7
	19.4

	94
	120.6
	18.3
	127.5
	19.4
	122.3
	18.4
	129.2
	19.4

	95
	121.9
	18.3
	128.9
	19.4
	123.7
	18.4
	130.7
	19.4

	96
	123.3
	18.3
	130.4
	19.4
	125.1
	18.4
	132.2
	19.4

	97
	124.7
	18.3
	131.9
	19.4
	126.5
	18.4
	133.7
	19.4

	98
	126.1
	18.3
	133.5
	19.4
	127.9
	18.4
	135.3
	19.4

	99
	127.5
	18.3
	135.0
	19.4
	129.3
	18.4
	136.8
	19.4

	100
	128.8
	18.3
	136.4
	19.4
	130.7
	18.4
	138.3
	19.4

	101
	130.3
	18.3
	138.1
	19.4
	132.2
	18.4
	140.0
	19.5

	102
	131.7
	18.3
	139.8
	19.5
	133.6
	18.4
	141.7
	19.5

	103
	133.1
	18.3
	141.5
	19.5
	135.0
	18.4
	143.4
	19.5

	104
	134.5
	18.3
	143.2
	19.5
	136.4
	18.4
	145.1
	19.6

	105
	135.9
	18.3
	144.8
	19.5
	137.9
	18.4
	146.8
	19.6


a. Unit 1 has fixed blades and is restricted to a smaller operating range (see section 4.1.3).  Table based on 1962 model test and 2005 U1 abbreviated index test.  





· Add Unit 1 to full 1% range table and add footnote for Units 2 & 3 restriction. 

Table LMN-76.  Lower Monumental Dam Turbine Unit Power (MW) and Flow (kcfs) at ±1% of Peak Turbine Efficiency (Lower and Upper Limits of 1% Range).a
	Turbine Units 1b, 2c, 3c

	Project Head (feet)
	With STS
	No STS

	
	Lower Limit (-1%)
	Upper Limit (+1%)
	Lower Limit (-1%)
	Upper Limit (+1%)

	
	MW
	kcfs
	MW
	kcfs
	MW
	kcfs
	MW
	kcfs

	85
	68.6
	11.2
	128.5
	20.9
	69.2
	11.1
	125.8
	20.2

	86
	69.4
	11.2
	131.0
	21.1
	70.0
	11.1
	128.3
	20.4

	87
	70.2
	11.1
	133.5
	21.2
	70.8
	11.1
	130.8
	20.5

	88
	70.9
	11.1
	136.1
	21.3
	71.6
	11.1
	133.3
	20.6

	89
	71.7
	11.1
	138.6
	21.5
	72.3
	11.1
	135.8
	20.8

	90
	72.4
	11.1
	141.2
	21.6
	73.1
	11.1
	138.3
	20.9

	91
	73.3
	11.1
	141.6
	21.4
	74.0
	11.0
	138.7
	20.7

	92
	74.1
	11.1
	142.0
	21.2
	74.8
	11.0
	139.1
	20.5

	93
	75.0
	11.1
	142.4
	21.0
	75.7
	11.0
	139.5
	20.3

	94
	75.8
	11.1
	142.8
	20.8
	76.5
	11.0
	139.9
	20.1

	95
	76.7
	11.1
	143.2
	20.6
	77.4
	11.0
	140.3
	20.0

	96
	77.7
	11.1
	143.3
	20.4
	78.4
	11.0
	140.4
	19.7

	97
	78.8
	11.1
	143.5
	20.2
	79.5
	11.0
	140.6
	19.5

	98
	79.8
	11.1
	143.6
	20.0
	80.5
	11.1
	140.7
	19.3

	99
	80.8
	11.1
	143.8
	19.8
	81.5
	11.1
	140.9
	19.1

	100
	81.8
	11.1
	144.0
	19.6
	82.6
	11.1
	141.0
	18.9

	101
	82.7
	11.1
	145.9
	19.6
	83.5
	11.1
	142.9
	19.0

	102
	83.6
	11.1
	147.8
	19.7
	84.3
	11.1
	144.8
	19.0

	103
	84.5
	11.1
	149.7
	19.7
	85.2
	11.1
	146.7
	19.1

	104
	85.4
	11.1
	151.6
	19.8
	86.1
	11.1
	148.5
	19.1

	105
	86.2
	11.1
	153.5
	19.8
	87.0
	11.1
	150.4
	19.2


a. Table values derived from HDC report (July 2003). Turbine flow (kcfs) is a calculated value based on turbine efficiency, head, and power output (MW).   
b. Unit 1 was previously a fixed-blade unit but is being restored to adjustable-blade Kaplan and full 1% range (estimated to return to service in spring/summer 2018).
c. Units 2 and 3 runner blades were hydraulically locked at a fixed angle in September 2017 due to failed blade seals. As a result, Unit 2 is restricted to the lower 1% range (~11-13 kcfs) and Unit 3 is restricted to the upper 1% range (~18-20 kcfs) until the blade seals are replaced. 


· Add footnote for Unit 4 restriction. 


Table LMN-87.  Lower Monumental Dam Turbine Units Power (MW) and Flow (kcfs) at ±1% of Peak Turbine Efficiency (Lower and Upper Limits of 1% Range).a
	Turbine Units 4b, 5, 6

	Project Head (feet)
	With STS
	No STS

	
	Lower Limit (-1%)
	Upper Limit (+1%)
	Lower Limit (-1%)
	Upper Limit (+1%)

	
	MW
	kcfs
	MW
	kcfs
	MW
	kcfs
	MW
	kcfs

	85
	89.8
	14.2
	123.8
	19.5
	89.5
	14.0
	122.5
	19.1

	86
	91.0
	14.2
	125.5
	19.5
	90.7
	14.0
	124.2
	19.1

	87
	92.2
	14.2
	127.2
	19.6
	91.9
	14.0
	125.9
	19.2

	88
	93.4
	14.2
	128.9
	19.6
	93.1
	14.0
	127.6
	19.2

	89
	94.6
	14.2
	130.6
	19.6
	94.2
	14.0
	129.3
	19.2

	90
	95.7
	14.2
	132.3
	19.6
	95.4
	14.0
	131.0
	19.2

	91
	96.9
	14.2
	133.9
	19.6
	96.5
	14.0
	132.5
	19.2

	92
	98.0
	14.2
	135.4
	19.6
	97.7
	14.0
	134.0
	19.2

	93
	99.2
	14.2
	136.9
	19.6
	98.8
	14.0
	135.5
	19.2

	94
	100.3
	14.2
	138.5
	19.6
	99.9
	14.0
	137.1
	19.2

	95
	101.4
	14.2
	140.0
	19.6
	101.1
	14.0
	138.6
	19.2

	96
	102.3
	14.2
	140.5
	19.5
	102.0
	14.0
	139.1
	19.1

	97
	103.2
	14.1
	141.0
	19.3
	102.9
	14.0
	139.6
	18.9

	98
	104.1
	14.1
	141.5
	19.2
	103.8
	13.9
	140.1
	18.8

	99
	105.1
	14.1
	142.0
	19.0
	104.7
	13.9
	140.5
	18.7

	100
	106.0
	14.1
	142.5
	18.9
	105.6
	13.9
	141.0
	18.5

	101
	107.3
	14.1
	143.9
	18.9
	106.9
	13.9
	142.5
	18.5

	102
	108.5
	14.1
	145.4
	18.9
	108.2
	13.9
	143.9
	18.5

	103
	109.8
	14.2
	146.8
	18.9
	109.4
	14.0
	145.3
	18.5

	104
	111.1
	14.2
	148.2
	18.9
	110.7
	14.0
	146.7
	18.5

	105
	112.4
	14.2
	149.6
	18.9
	112.0
	14.0
	148.1
	18.5


a. Table revised in 2005 to reflect new information using 2002 index test and original 1975 turbine model test.  Table based on information provided by HDC in letter to NWW dated August 20, 2003.
b. Unit 4 runner blades were hydraulically locked at a fixed angle in December 2017 due to failed blade seals. As a result, Unit 4 is restricted to the upper 1% range (~17-19 kcfs) until the blade seals are replaced (currently scheduled in FY2018).
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