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4 9:45 – 10:15 Headwater data review and discussion (Idaho Power)
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6 10:30 – 11:45 Address comments and edits to Forecast Tool Final Report

7 11:45 – 12:00 Schedule next meeting and identify topics for discussion
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15 Min Inputs vs Hourly Inputs
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15 Min Inputs vs Hourly Inputs
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3 Day Average – AADF Comparison
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Executive Summary

- As described in Section 5, diversion measurements below Milner Dam on the Snake River are 

not readily available. Therefore, ca lculations in the forecast tool assume that any excess 
diversions below Milner Dam will return to the Snake River. The tool utilized the median 
consumpt ive diversion est imate from 2003 through 2016 to determine the consumpt ive 

diversion amount for t he forecast . IB11 1:1siRg Rists FiE estiF11st as sf drn EBR51:1Fl1flti·t@ ei1,1@FsisR, tR@ 
teal allews the l:l5er te estimate SRake Ri•,rer witherawals fer agriel:lltl:lral l:lse setweeA MilAer 
Qam a REI M1:1rphy 1:1siRg a eategeriea l appreaet.:i . The 1:1ser ea A seleet tl.:ie fi¥e >;ears witl~ tl.:ie 
l~igl.:iest e0As1:1mpti¥e Eli,,rersieAs er seleet a Ra leg >;ears. A 1:1ser seel~iAg te maim a mere 

E0R5eF\'ati¥e fore east ef the M ilner te M1:1rpt.:i•r reaet.:i ga in w01:1le want te seleet >;ears with higl~er 
E9R51:lmpti¥e 8i¥@FSi9A5. 

~ Forecast Tool Input. The State of Idaho must update the tool with new well water level data and 
surface water supply index (SWSI) data each year, then other users can use the forecast tool 

with the follow ing inputs: 

Forecast year - the year the user wants to forecast. 

Number of wells in the head surface interpolation scheme - the number of points used to 

interpolate a head surface across the model grid ESPA Model version 2.1. 

Anticipated Managed Recharge Volumes - anticipated monthly managed recharge volumes at 

seven managed recharge locations. 

Commented [GE2): In Reponse to Sophia Sigstedt's 
comment: " The documentation describes how the 
con.w.mptive diversions can be estimated based 011 the 
highest five years in the historical record or by selecting a 
analog year (Executive summary pg.5). Will the 
investigators provide a recolll1llCndarion for the most 
accurate forecast method or will ,;arious scenarios always be 
presented for consideration?" 

David Hoekema stated this was a relic of an old 
method that was not used in the final forecast tool. We 
have changed to text to represent the current approach 
to calculating QDivET. 



Section 2

2. Forecast Tool Ta rget 
The forecast target is the ba sef l ow in t he M i Iner to Murphy reach of the Snake River defined as the 

natural f low of the Snake Rirver past Murphy gaging st ation minus Snake River flows past Milner Dam, 

which is equiva lent t o the Adjusted Average Daily Flow (AADF} at the Murphy Gaging Stat ion when no 

flow is passing M ilner Dam (Figure 2-1 to 2-3). The AADF ca lculated flow past Murphy minus flows past 

Mi lner wou ld have been t he idea l target for this analysis, but t he MDF has only been calcu lat ed since 

2014. Since t here was not enough data to validate the forecasts to the MDF, a simplified version of t he 

AADF minus Milner f lows was developed and used as the validat ion t arget for th is analys is .. The 

simplif ied AADF was calcullated as t he which was est imated as 7-day moving average of the dai ly 

discharge past the Murphy gaging st at ion minus t he dai ly dis,cha rge of the Snake River past M ilner Dam 

two days prior. The 2-day lag on the flow past Milner is applied to account for t ravel time from M ilner 

to Murphy. The 7-day ave rage was assumed t o remove most of the Idaho Pow er Company's reservoir 

adjustments from th e baseflow( The 7-day average is very s,imilar t o the AADF ca lrn lation when flow 

passing over Milner is removed. In t his analysis the Murphy minus M ilner flow is referred to as t he 

Mi lner to Murphy reach gain. Figures 2-1, 2-2, and 2-3 compare the AADF (grey line) t o t he forecast 

target (black l ine). Wher,e the grey li ne departs from the blackl ine, f low is passing M ilner Dam. 
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Figure 2-1. 2014Snake River Milner Dam to the Snake River at Murphy Gaging Stat ion Reac:h Ga in 
compared to the 2014 AADF Ca llcu lat1ion. 
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Geisller, Eth.an 
Idaho Power comment: Section 2 
Page 3 - The first sentence states that, "The 
forecast target is the dafly garn in the Milner to 
Murphy reach of the Snak.e River, which is 
equivalent to the Adjusted Average Daily Flow 
(AADF) at the Murphy Gaging station when no 
fl,ow is pass ing Mrlner Dam (Figure 1-1)." Is this 
technically correct? The AADF indudes 
adjustments for IPC operations so technically 
:speaking it is not equivalenito the daily gain. 
Page 3 - \'1/hy was a 7-da~• moving average for 
the forecast target calcu lation selected? It seems 
like the best way wou ld have been to use an 
averaging peri:od that produced a target series 
most sim ilar to the AADF (which could be 
determined for the period in whi:ch the AADF has 
been calcu lated). I would imagine that a 3-day 
moving average might produce a forecast Iarget 
that iiS closer to the AAD F. It would be good to 
use the most appropriate forecast target time 
series, sinc,e the intent is to mimic the AADF as 
close,ly as possible so that the tool can be 
assessed based on ~ abilirly to forecast tile 
AADF. 

Greg Sull'ivan: Page 3: Summarize here orin an 
appendix analyses that support the use of a 7-
day average. 

Soph ia Sig:stedt: In section 2 "Forecast Tool 
Target' please provide a com parison of Ille 7-
day moving average and the 2-day lagr of the raw 
Milner to Murphy reach ,gain daily Ume series 
and the AADF where there are overlapping 
years. 



Section 2
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Figure 2-3. 2016 Snake Riv er Mil ner Dam to the Snake River at Murphy Gaging Station Reach Gai1n 
compared to the 2016 AADF calculat ion. 



Section 3

3.Aquifer Discharge Forecast Methods 
and Procedures 

This section details each component used to generat e a forecast of ESPA discharge (Snake River reach 

gains between Kimberly and King Hill), including starting heads, recharge incidental to irrigat ion, 

managed recharge, and pumping. Each component of the discharge forecast is based on response 

functions from ESPAM 2.1. [Moving forward. if a new ESPA model is approved. the response functions 

:,:W:.:,it:.:.h.:..:.i.:.,:n,..t.:,,:h~e..:f.:.o.:.re:..,c::.:a;1..s~t_.t;,l;:o.:;o.:.l .:;.wl:.li.:..:.ll.:ab:..:.e~u:.:.nra:.d:.:.a:.:.t~e..:.d~a= nn:.:ro~,n~r~ia.:.t~e.:,lv,L.l;la.:.,:n.:.d..:a.:.S:..S~o~o;:,:n~ a~s.ra:.:. nr:.:,ac~t~ic:,;:a~l.._.l __________ ~ ------ Commented [GE4]: In response to Idaho Power 

3. 1. General Response Funct ion Concept s 
Cause and effect relationships in groundwater hydrology can be described by response functions, also 

termed response ratios, impulse responses, algebraic technologic functions (Maddock 1972), and 

transfer functions. Response functions can be t hought of as the system response to an external stress. 

There is extensive information on response ratios in the literature, including a detailed mathematical 

derivation (Maddock 1972, Morel-Seytoux and Daly 1975); a description of MODSRP, which is a modified 

version of MODFLOW t hat was developed t o generat e response functions (Maddock and Lacher 1991); a 

report on the integration of surface-water and ground-water flow models (Fredericks and Labadie 

comment: "What will happen if a new ESPAM model is 
adopted?" 
& 
Sophia Sigstedt's comment: 
"Please consider that in this forecasting tool each 
component of discharge is based on Eastern Snake Plain 
Aquifer Model (ESPAM) version 2.1 unit response functions 
(timing of stream accretions/depletions). I expect that the 
new ESPAM2.2 calibration will have an impact on the 
prediction tool when it is implemented. I suggest the 
investigators evaluate potential changes in implementing 
the new ESPAM2.2 calibration." 



Section 4.1
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Figure 4-2. Median annua l hydrographs for the major tributaries for the period 1993-2016. 

Commented [GESJ: Changed the colors of some line to 
address Greg Sullivan's comment: "Many of the report 
graphs that compare different results (median, 90th 
percentile, 10th percentile, etc) use black and blue 
lines that are difficult to discern_ Consider using 
different colors that can be more easily distinguished." 

The other blue and black line plots that are referenced 
in this comment are not a concern to change due to the 
fact they are showing the overall comparison and are 
not utilized for a detailed comparison analysis 



Section 4.2.1

NSCC Return Flow Network- Observed and Scaled Data 
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Figure 4-4. M easured and est imat ed discharge from t he North Side Canal Company (NSCC) return flow 

network (2002-2016). 

Commented [GE10]: Split the graph into two per Greg 
Sullivan comment: •• - Page 44 and 45 Figure 4-4 and 
4-5: Split this chart into two or three separate ones to 
expand the axis to more clearly distinguish lhe 
measured and estimated discharges." 



Section 4.3

4.3. Kimberly Gains Est imation Procedure 
The Kimberly gains are a component in the ~ .£SPA equation and is non-ESPA spring discharge and 
minor irrigation return flows that enter the system between Milner Dam and t he Snake River at 
Kimberly gaging station. Daily gains are calculated by subtracting t he Snake River at Kimberly gage from 
the Snake River at Milner gage for WY 1993 - 2016. This period of record is consistent with the tributary 
forecast . The Kimberly gains estimation is t he median statist ical hydrograph of the daily gage 
calculation. 

The Kimberly gains are calculated as the gage difference between Snake River at Kimberly and Snake 
River at M ilner. Milner data is lagged by one day to account for travel time2

• Daily gains are then filtered 
o include only days when the gain is greater t han lo% of Kimberly flow. The 10% of Kimberly f low filter 

crit eria is based on the "good" rating of the gage by Idaho Power3 and is used t o identify gains t hat are 
reater t han gage uncertainty. A "good" rating indicates that 95% of the daily discharge values are 

within 10% of the true value4
• After filt ering for gage uncertainty, outlying values were identified and 

removed. Outliers are identified as a daily gain value outside of 2 standard deviations of the mean and 

Geislet Ethan A few seconds ago ~ 
Greg Sullivan's comment ,.,.page 47 in 
reference to Kimberley Gains estimation: tt 
seems that removing the gains that are less than 
10% would have the effect of biasing the 
predicted gains as too high 
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Figure 4-11
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Figure 4-11. Residual analysis hydrograph show;ing the interquartile range of the daily difference 
between observed and hindcasted values for years 2002 - 2017. 

Commented [GE13): Changed to Predicted-Observed 
per Greg Sullivan's Comment on the Hindcast residual 
plot "Switch difference calculation to Predicted minus 
Observed which is more intuitive (e.g., positive value 
means model overpredicts" 



Figure 5-3 and 5-4
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Commented [GE14): In Response to Sophia Sigstedt 
Comment: "10. _ On the historical plots of monthly 
QDivET, it would be helpful to somehow show the 

2.5 precipitation events on a secondary axis.• 
& 
Greg Sullivan comment:• _ Figure 5-4: Explain the 
reasons for the multi-weekly fluctuations in Qdivet Are 

2.0 these temperature swings, precipitation swings, 
simulated irrigation applications, simulated alfalfa 

:f cuttings, etc.? 
I'} 
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Figure 5-3. QDivET for the M i lner to M urphy reach of t he Snake River in 2013 by crop type and daily 

precipitation amounts on the secondary axis from the Grand View Agrimet Station. 



Figure 5-10
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Figure 5-10. A comparison of the modeled versus measured Milner to Murphy reach gains from 2002 
through 2005. The correlat ion coefficient. r, is 0.91 /for t he entire comparison 2002-2012). 
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Figure 5-11. A comparison of the modeled versus measured Milner to Murphy reach gains from 2006 
through 2009. The correlat ion coefficient. r, is 0.91 /for the entire comparison 2002-2012\. 

Commented [GE16]: Split the graph up into more p lots 
per Greg Sullivan's comment: •. Figure 5-10: Expand 
this chart to full page with three or four charts each 
containing a subset of the full study period results (e.g., 
2002-2005, 2006-2009, 2010-2013, 2014-2017)" 



Figure 6-2
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Fig,ure ~ 2. Hindcast residual ana'tysis plot for M ilner t o Murphy reach gain for January and May hindcast s. 

Commented [GE18]: Changed to Predicted-Observed 
per Greg Sullivan's Comment "Switch difference 
calculation lo Predicted minus Observed which is more 
intuitive (e.g., positive value means model 
overpredicts" 

Added in the May forecast to addres Idaho Power's 
Comment: "3. It is difficult to follow whether the 
hindcasts are all referenced to a single SFFT forecast 
(January or May) or if the forecast switches through the 
year. If this could be clarified it would be helpful in 
better understanding how the tool might be used in a 
given runoff year." 



Section 6.3

SFFTForecast = QESPA + Qnon-ESPA– QDivET + Rpercentile

where,
QESPA = discharge from the ESPA between Milner Dam and King Hill
Qnon-ESPA  = Milner to Murphy reach gains from non-ESPA sources
QDivET = Milner to Murphy consumptive use of diverted flow

Rpercentile = Percentile of the residuals from the Hindcast analysis



Figure 6-3
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Figure 6-3. Hindcast residual analysis plot for Milner to Murphy reach gain for January and May hindcast after 

includin a 15-<la centered avera e of the 50th ercentile of residuals for each da to correct for bia Commented (GE19): David and I elaborated/expanded 
on this section because it was not clear that res.iduals 
are included in the forecast by adding in the 50111 

percentile to the SFFT output to correct bias that the 
model may have. The residual plots in this section 
show the difference between predicted-observe once 
residual and bias are accounted for. _J 



Appendix B.

Groundwater 
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Response FunctJons 
ESPAM21 

Yearly Managed 
Recharge 
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Managed Redlarge 
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Upper Snake 
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Storage 
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Appendix B.
Type of Data Input Date Range Statistic Notes

QESPA

Starting Head Component
Response Functions ESPAM 2.1

Groundwater Water Level 
Data

Preceding Fall or 
Spring synoptic

Managed Recharge
Current year 

recharge 
operations

Actual/ Forecasted 
values 

Incidental Recharge
SWSI: (Big Wood & Snake nr 
Heise) & Reservoir Storage

1981 to 2014
Correlation to SWSI 

value
Correlation built with 

ESPAM 2.1

Groundwater Pumping ESPAM 2.1 2001 to 2010 Average

Qnon-ESPA

Tributary Flow

Salmon Falls Creek 1986 to Present Median

Rock Creek 1993 to Present Median

Bruneau River 1986 to Present Analog SWSI

Malad River 1987 to Present Analog SWSI

Return Flow
Northside Returns 2002 - Present Median

Southside Returns 2002 - Present Median

Kimberley Reach Gains Snake River at Kimberly 1993 to 2016 Median
Smoothed with a 5 day 

moving average 
(centered)

QDivET
WSU Irrigation Scheduler Mobile 

Results
2010 - 2014 Median



Appendix C. Hindcast Validation
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My understanding is that this forecasting tool is being presented as a planning 
tool where predictions can be utilized by the water users such that they can 

adjust storage needs (i.e. set storage water aside to release if a shortfall 
occurs) or tweak operations on the ground such as what crops are grown in the 

upcoming season. It is also my understanding that the Policy Group has not 
significantly weighed in and that we (TWG) are not at the Administration versus 
Planning tool conversation yet. Will there be a recommendation for how the tool 

is distributed, to who, and for what purpose?
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