WRAP Basic Definitions:

Some definitions you need to familiarize yourself with before using WRAP:

· Control Points: Control points are stations or nodes which provide a modeling mechanism for representing the spatial connectivity of system components.  The locations of system features are defined by control points.  The spatial configuration of the system is delineated by specifying the control point located immediately downstream of each control point.

· Water Right - A WRAP water right is a set of water management and use requirements associated with either a water right WR record or instream flow IF record.  A water right may include specifications for water supply diversion, return flow, hydroelectric energy generation, instream flow, and/or reservoir storage.

· Basin hydrology: it is described by streamflows and net evaporation rates at each control point for each month of the period of analysis. Streamflows may be reported as either naturalized, unappropriated or regulated flows. 
· Streamflows:

· naturalized streamflows - Sequences of monthly streamflows representing natural hydrology are developed by adjusting historical gaged streamflow data to remove the impacts of reservoir construction, water use, and other human activities.  Naturalized streamflows are provided as WRAP-SIM input data on inflow IN records.

· regulated streamflows - WRAP-SIM computed regulated flows, associated with a particular control point, represent the physical streamflow after accounting for all the water rights.  Regulated flows may be greater than unappropriated flows because a portion of the regulated flows may be committed to meet instream flow requirements or downstream diversion or storage rights.
· unappropriated streamflows - WRAP-SIM computed unappropriated flows, associated with a particular control point, are the portions of the naturalized streamflows still remaining after the streamflow depletions are made and return flows are returned for all the water rights included in the simulation.

· Reservoirs provide storage capacity for water rights. A surface area/storage capacity relationship is used to calculate evaporation losses.
· Return flow - An amount of water computed as the diversion multiplied by an inputted return flow factor is returned to the stream system at a user-specified control point in either the same month as the diversion or the next month.  Return flows may also be modeled as constant inflows entered on CI records.

· shortage - diversion target minus actual diversion or energy target minus actual energy produced.  A shortage is the amount of a diversion or energy target not supplied due to insufficient streamflow and/or reservoir storage being available to meet the full target.

· target - diversion, instream flow, or hydroelectric power generation demand/need/requirement associated with a water right.  Targets are met to the extent allowed by water availability.

· exceedance frequency - the percentage of the total months in the overall simulation period-of-analysis that a particular amount is equaled or exceeded.  TABLES develops exceedance frequency relationships for naturalized, regulated, and unappropriated streamflow, instream flow shortage, and reservoir storage.

· period reliability - the percentage of the total months (periods) in the overall simulation period-of-analysis that a specified diversion target or hydroelectric energy target is met.

· volume reliability - the total volume of actual diversions (or total hydroelectric energy generated) during the simulation period-of-analysis expressed as a percentage of the corresponding total permitted diversion or hydroelectric energy targets.

Important! WRAP-SIM and TABLES use text input files. These files have to be formatted correctly. When you need to make changes to the input files in the exercise below, be sure to follow the field formatting. Within the fields, entries are right-justified, except for titles and comments. 

The Fortran format specifications of the following tables describing each record type are defined as follows.

A6
  alphanumeric (AN) label right justified in a field that is 6 characters wide

4X
  four blank spaces  (Fields with the spacing descriptor X are skipped over and not read.) F8.0
  real number in field of 8 characters with any number of digits to the right of the decimal  (Either include decimal or right justify the number.)

I8
  integer number right justified in field of 8 characters  (Decimal is not allowed.)

3I8
  three integer numbers with each right justified in field of 8 characters

CP Record  -  Control Point Information  (A CP record is required for each and every control point.)

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	CP
	Record identifier

	
	
	
	
	
	

	2
	3-8
	CPID(cp,1)
	A6
	AN
	Control point identifier   [cp = 1,NCPTS]

	3
	11-16
	CPID(cp,2)
	2x,A6
	AN
	Identifier of next downstream control point.

	
	
	
	
	blank,OUT
	Basin outlet. There is no control point downstream.

	
	
	
	
	
	

	
	
	
	
	
	Multiplier Factors

	4
	17-24
	CPDT(cp,1)
	F8.0
	+
	Factor by which inflows on IN records are multiplied

	
	
	
	
	blank,0
	Default factor = 1.0

	5
	25-32
	CPDT(cp,2)
	F8.0
	+
	Factor by which evaporation rates are multiplied

	
	
	
	
	blank,0
	Default factor = 1.0

	
	
	
	
	
	

	
	
	
	
	
	Method for Obtaining Naturalized Flows

	6
	40
	INMETHOD
	I8
	0,1
	IN records are input for this control point.

	
	
	
	
	2
	Specifications are provided by CPIN(cp) in field 7.

	
	
	
	
	3
	Flow distribution equation is used.

	
	
	
	
	4
	NRCS CN method with synthesized flows limited to

   not exceed source control point flows

	
	
	
	
	5
	NRCS CN method without above noted flow limit

	
	
	
	
	6
	Channel loss coefficient incorporated in DAR method

	
	
	
	
	7
	Drainage area ratio method (areas from WP records)

	
	
	
	
	8
	NRCS method with channel losses

	
	
	
	
	
	

	7
	43-48
	CPIN(cp)
	2x,A6
	AN
	Control point from which IN records are repeated

	
	
	
	
	NONE

ZERO
	The words none, zero, NONE, or ZERO entered in this field indicate zero streamflows at this control point.

	
	
	
	
	
	

	
	
	
	
	
	Method for Obtaining Net Evaporation-Precipitation

	8
	51-56
	CPEV(cp)
	2x,A6
	blank
	EV records are read as input.

	
	
	
	
	AN
	Control point from which EV records are repeated

	
	
	
	
	NONE

ZERO
	The words none, zero, NONE, or ZERO in this field indicate zero net evaporation at this control point.

	
	
	
	
	
	

	
	
	
	
	
	Evaporation-Precipitation Adjustment

	9
	57-64
	EWA(cp)
	F8.0
	blank,0
	Default set by JD record field 10 is used.

	
	
	
	
	-1.0
	Ungaged CP from FD record field 2 is used.

	
	
	
	
	-2.0
	Gaged CP from FD record field 3 is used.

	
	
	
	
	-3.0,<-3.0
	No adjustment. (Overrides non-blank JD field 10)

	
	
	
	
	+
	Watershed area in acres for net evap-prec adjustment.

	
	
	
	
	
	

	
	
	
	
	
	Channel Loss Factor

	10
	65-72
	CL(cp)
	F8.0
	+
	Channel loss factor for stream reach below CP.

	
	
	
	
	blank
	The default channel loss factor value is 0.0.

	
	
	
	
	
	

	
	
	
	
	
	Watershed Areas on WP Records

	11
	73-80
	INWS(cp)
	I8
	blank,0
	Parameters on WP record are for the total watershed.

	
	
	
	
	+
	Parameters on WP record are for incremental

watersheds.  (any positive integer)

	
	
	
	
	
	


WR Record – Water Right

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	WR
	Record identifier

	2
	3-8
	CP
	A6
	AN
	Control point identifier

	3
	9-16
	AMT
	F8.0
	0,+
	Annual permitted diversion or hydropower target

	4
	19-24
	USE
	2x,A6
	AN
	Use type identifier to connect to UC records

	
	
	
	
	blank
	Default constant uniform distribution over the year

	
	
	
	
	
	

	5
	25-32
	WRNUM(wr,7)
	I8
	-,0,+
	Priority number

	
	
	
	
	
	

	
	
	
	
	
	Water Right Type

	6
	36
	WRNUM
	I4
	blank,0,1
	Type 1 water right

	
	
	(wr,5)
	
	2
	Type 2 water right (no refilling storage)

	
	
	
	
	3
	Type 3 water right (no streamflow depletions)

	
	
	
	
	4
	Type 4 water right (storage-diversion relationship)

	
	
	
	
	5,-1
	Type 5 water right (hydroelectric power)

	
	
	
	
	6,-3
	Type 6 water right (hydroelectric power)

	
	
	
	
	
	

	
	
	
	
	
	Return Flow Specifications

	7
	40
	RFMETH
	I4
	
	Return flow method

	
	
	(wr)
	
	blank,0,1
	Constant factor, flows returned same month

	
	
	
	
	2
	Constant factor, flows returned next month

	
	
	
	
	3
	Monthly factors, flows returned same month

	
	
	
	
	4
	Monthly factors, flows returned next month

	8
	41-48
	RFAC
	F8.0
	+
	Constant return flow factor

	
	
	RFIDWR
	2x,A6
	AN
	Identifier on RF record for monthly factors

	9
	51-56
	RCP(wr)
	2x,A6
	blank
	Flow returned to next downstream control point

	
	
	
	
	AN
	Identifier of control point to return flow

	
	
	
	
	
	

	
	
	
	
	
	Drought Index

	10
	63-64
	DINDEX(wr)
	6x,I2
	blank,0
	Drought index is not used for this water right.

	
	
	
	
	+,-
	Integer identifier (1,2,3,...,15) of drought index.

	
	
	
	
	
	If positive, the drought index is applied as step 2 outlined on page 187.  A negative sign switches to applying the drought index as step 5 on page 187.

	
	
	
	
	
	

	
	
	
	
	
	First Set of Identifiers

	11
	65-80
	WRID(wr)
	A16
	AN
	First water right identifier

	
	
	
	
	blank
	Option not used

	12
	81-88
	WRIDS
	A8
	AN
	Second water right identifier  (group identifier)

	
	
	(wr,1)
	
	blank
	Option not used

	13
	89-96
	WRIDS
	A8
	AN
	Third water right identifier  (group identifier)

	
	
	(wr,2)
	
	blank
	Option not used

	
	
	
	
	
	

	
	
	
	
	
	Alternate Set of Identifiers

	14
	97-112
	WRID(wr)
	A16
	AN
	Alternate first water right identifier

	
	
	
	
	blank
	Option not used

	15
	113-120
	WRIDS
	A8
	AN
	Alternate second water right identifier  (group)

	
	
	(wr,1)
	
	blank
	Option not used

	16
	121-128
	WRIDS
	A8
	AN
	Alternate third water right identifier  (group)

	
	
	(wr,2)
	
	blank
	Option not used

	
	
	
	
	
	


WS Record  -  Reservoir Storage and/or Hydropower Data Associated with a Water Right

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	WS
	Record identifier

	2
	3-8
	RES
	A6
	AN
	Reservoir identifier

	
	
	
	
	
	

	3
	9-16
	WRSYS
	F8.0
	+
	Storage capacity

	
	
	(wr,3)
	
	
	

	
	
	
	
	
	Storage-Area Relationship

	4
	17-24
	EVCFA
	F8.0
	+
	Multiplier A for storage-area equation shown below.

	5
	25-32
	EVCFB
	F8.0
	+
	Exponent B for storage-area equation shown below.

	6
	33-40
	EVCFC
	F8.0
	+
	Constant C for storage-area equation shown below.

	
	
	
	
	
	          surface area  =  A (storage)B + C

	
	
	
	
	
	If fields 4, 5 & 6 are all blank, a table on SV & SA records is required to define the storage-area relation.

	
	
	
	
	
	

	
	
	
	
	
	Optional Storage Specifications

	7
	41-48
	INACT
	F8.0
	+
	Storage capacity at top of inactive pool (bottom of active pool) or, for hydropower, bottom of power pool

	
	
	
	
	
	

	8
	49-56
	BEGIN
	F8.0
	+
	Storage volume at the beginning of the simulation

	
	
	
	
	blank,0
	Reservoir is full to capacity (field 3) at the beginning.

	
	
	
	
	
	

	
	
	
	
	
	Hydroelectric Power

	9
	57-64
	WRSYS(I,1)
	F8.0
	+
	Tailwater elevation for hydroelectric power

	
	
	
	
	
	

	10
	65-72
	WRSYS(I,4)
	F8.0
	+
	Energy efficiency for hydroelectric power

	
	
	
	
	
	

	11
	79-80
	LAKESD
	I8
	blank,0
	Downstream releases generate hydropower.

	
	
	
	
	-
	Lakeside diversions do not generate hydropower.

	
	
	
	
	
	

	12
	81-88
	TCAP
	F8.0
	+
	Turbine discharge capacity (optional)

	13
	89-96
	TELEV
	F8.0
	+
	Turbine inlet elevation (optional)

	
	
	
	
	
	

	
	
	
	
	
	Evaporation Allocation Reservoirs

	14
	97-104
	EAR(wr)
	I8
	blank,0
	Option not used.

	
	
	
	
	1-20
	EA record (1, 2, 3,..., 20).  1 for first EA record.

	
	
	
	
	
	

	15
	111-112
	SA
	I8
	blank,0
	A separate storage-area relationship is provided.

	
	
	
	
	-1
	Use SV/SA records for first reservoir on EA record.

	
	
	
	
	
	


IF Record – Instream Flow Requirement

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	IF
	Record identifier

	
	
	
	
	
	

	2
	3-8
	CP
	A6
	AN
	Control point identifier

	
	
	
	
	
	

	3
	9-16
	AMT
	F8.0
	+
	Annual instream flow requirement

	
	
	
	
	
	

	4
	19-24
	USE
	2x,A6
	AN
	Use type identifier to connect to UC records

	
	
	
	
	blank
	Default constant uniform distribution over the year

	
	
	
	
	
	

	5
	25-32
	WRNUM(,7)
	I8
	-,0,+
	Priority number

	
	
	
	
	
	

	
	
	
	
	
	Water Right Type (used only if field 7 entry is 3 or 4)

	6
	36
	WRNUM
	I4
	blank,0,1
	Type 1 water right

	
	
	(wr,5)
	
	2
	Type 2 water right (used only if IFFLAG = 3 or 4)

	
	
	
	
	4
	Type 4 water right (used only if IFFLAG = 3 or 4)

	
	
	
	
	
	Note:  Types 3 and 5 are not applicable for IF record.

	
	
	
	
	
	

	
	
	
	
	
	Type of Instream Flow Computations

	7
	40
	IFFLAG
	I4
	0
	Shortages determined only

	
	
	(wr)
	
	1
	Constraints on water availability during first pass

	
	
	
	
	2
	Constraints on water availability during second pass

	
	
	
	
	3
	Constraints during first pass, reservoir storage used

	
	
	
	
	4
	Constraints during second pass, reservoir storage used

	
	
	
	
	5
	Instream flow requirement is ignored

	
	
	
	
	
	

	
	
	
	
	
	Drought Index

	8
	47-48
	DINDEX(wr)
	I8
	blank,0
	Drought index is not used for this water right.

	
	
	
	
	+,-
	Integer identifier (1,2,3,...,15) of drought index.

	
	
	
	
	
	If positive, the drought index is applied as step 2 outlined on page 187.  A negative sign switches to applying the drought index as step 5 on page 187. 

	
	
	
	
	
	

	
	
	
	
	
	Water Right Identifier

	9
	49-64
	WRID(wr)
	A16
	AN
	Water right identifier  (optional)

	
	
	
	
	
	


FD Record – Flow Distribution

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	FD
	Record identifier

	2
	3-8
	ID
	A6
	AN
	Control point identifier for ungaged CP

	3
	11-16
	DSG
	2x,A6
	AN
	Source gaged control point

	
	
	
	
	
	

	4
	17-24
	NG
	I8
	+
	Number of gaged cp's above ungaged site (blank = 0)

	
	
	
	
	-1
	Ungaged CP is downstream of source CP

	
	
	
	
	
	

	5-19
	25-144
	UGID(I)
	15(2x,A6)
	AN
	Identifiers of upstream gaged control points

	
	
	
	
	
	     [I=1,MAXGAG=15]

	
	
	
	
	
	


FC Record - Coefficients for Flow Distribution Equation

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	FC
	Record identifier

	2
	3-8
	COEF1
	F6.0
	+
	Coefficient a  (may be drainage area ratio)

	3
	9-16
	COEF2
	F8.0
	+ or -
	Coefficient b (default = 1.0)

	4
	17-24
	COEF3
	F8.0
	+ or -
	Coefficient c (default = 0.0)

	
	
	
	
	
	Qungaged =  a Qgaged b  +  c

	
	
	
	
	
	


WP Record – Watershed Parameters

	field
	column
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	WP
	Record identifier

	2
	3-8
	ID
	A6
	AN
	Control point identifier

	3
	9-16
	DA
	F8.0
	+
	Drainage area

	4
	17-24
	CN
	F8.0
	+
	Curve number

	5
	25-32
	MP
	F8.0
	+
	Mean precipitation

	6
	33-40
	DAF
	F8.0
	+
	Multiplier to convert drainage area to square miles

	
	
	
	
	
	


IN Record  -  Inflows  - Naturalized Streamflows at a Control Point

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	IN
	Record identifier

	2
	3-8
	ID
	A6
	AN
	Control point identifier

	3
	9-12
	NYR
	I4
	+
	First year for an IN record repeated for multiple years

	
	
	
	
	blank,0
	IN record is for one year only; it is not repeated

	4
	13-16
	PYR
	I4
	+
	Year    (last year to repeat if field 3 is not zero or blank)

	5
	17-24
	INFLOW(cp,1)
	F8.0
	+
	Naturalized streamflow for Month 1

	6
	25-32
	INFLOW(cp,2)
	F8.0
	+
	Naturalized streamflow for Month 2

	7
	33-40
	INFLOW(cp,3)
	F8.0
	+
	Naturalized streamflow for Month 3

	8
	41-48
	INFLOW(cp,1)
	F8.0
	+
	Naturalized streamflow for Month 4

	9
	49-56
	INFLOW(cp,5)
	F8.0
	+
	Naturalized streamflow for Month 5

	10
	57-64
	INFLOW(cp,6)
	F8.0
	+
	Naturalized streamflow for Month 6

	11
	65-72
	INFLOW(cp,7)
	F8.0
	+
	Naturalized streamflow for Month 7

	12
	73-80
	INFLOW(cp,8)
	F8.0
	+
	Naturalized streamflow for Month 8

	13
	81-88
	INFLOW(cp,9)
	F8.0
	+
	Naturalized streamflow for Month 9

	14
	89-96
	INFLOW(10)
	F8.0
	+
	Naturalized streamflow for Month 10

	15
	97-104
	INFLOW(11)
	F8.0
	+
	Naturalized streamflow for Month 11

	16
	105-112
	INFLOW(12)
	F8.0
	+
	Naturalized streamflow for Month 12

	
	
	
	
	
	


EV Record – Net Reservoir Evaporation-Precipitation Rates for a Control Point

	field
	columns
	variable
	format
	value
	description

	
	
	
	
	
	

	1
	1-2
	CD
	A2
	IN
	Record identifier

	2
	3-8
	ID
	A6
	AN
	Control point identifier

	3
	9-12
	NYR
	I4
	+
	First year for an EV repeated for multiple years

	
	
	
	
	blank,0
	EV record is for one year only; it is not repeated

	4
	13-16
	PYR
	I4
	+
	Year   (last year to repeat if field 3 is not zero or blank)

	5
	17-24
	EVAPR(cp,1)
	F8.0
	+
	Net evaporation-precipitation for Month 1

	6
	25-32
	EVAPR(cp,2)
	F8.0
	+
	Net evaporation-precipitation for Month 2

	7
	33-40
	EVAPR(cp,3)
	F8.0
	+
	Net evaporation-precipitation for Month 3

	8
	41-48
	EVAPR(cp,1)
	F8.0
	+
	Net evaporation-precipitation for Month 4

	9
	49-56
	EVAPR(cp,5)
	F8.0
	+
	Net evaporation-precipitation for Month 5

	10
	57-64
	EVAPR(cp,6)
	F8.0
	+
	Net evaporation-precipitation for Month 6

	11
	65-72
	EVAPR(cp,7)
	F8.0
	+
	Net evaporation-precipitation for Month 7

	12
	73-80
	EVAPR(cp,8)
	F8.0
	+
	Net evaporation-precipitation for Month 8

	13
	81-88
	EVAPR(cp,9)
	F8.0
	+
	Net evaporation-precipitation for Month 9

	14
	89-96
	EVAPR(10)
	F8.0
	+
	Net evaporation-precipitation for Month 10

	15
	97-104
	EVAPR(11)
	F8.0
	+
	Net evaporation-precipitation for Month 11

	16
	105-112
	EVAPR(12)
	F8.0
	+
	Net evaporation-precipitation for Month 12

	
	
	
	
	
	


