


Kalispel Tribe Comments to Draft Pend Oreille River TMDL (11-30-10) 
 
General Comments 
 
G1. The Draft TMDL masks water quality criteria (WQ) violations by erroneously assuming 

that the thermal load from Idaho is equivalent to natural conditions.   
 
The Draft TMDL incorporates the faulty assumption that incoming water quality conditions at 
the Idaho Stateline constitute natural conditions.  As explained in the attached November 26th 
Keta Waters Report, median river temperatures downstream of the Albeni Falls Project are often 
higher than natural in the late summer.  For instance, from August 22 – 30, 2004, the difference 
between natural and impounded daily median temperatures was up to 2.3°C warmer with an 
average of 0.9°C warmer.  A similar trend continues for much of September 2004.  Comparison 
of maximum temperatures also shows that they are often higher than natural conditions in late 
summer (Keta Waters, 2010(b)).  By characterizing these late-summer increases in temperature 
as natural conditions, the Draft TMDL allows additional degradation of the resource. 
 
When setting pollution Load Allocations (LAs) and Waste Load Allocations (WLAs), the Draft 
TMDL must account for the cumulative impacts of all sources of upstream heating, particularly 
where the timing of such impacts is critical to bull trout migration.  Specifically, it is stated in the 
2000 USFWS BiOp in regards to temperature impacts that; “Hungry Horse, Libby, Albeni Falls, 
and Dworshak dams may all isolate or impede access to spawning tributaries affecting six known 
bull trout subpopulations.”  Accounting for upstream thermal impacts from Idaho is similar to 
the approach addressing cumulative impacts of pollutant sources flowing into Washington from 
Idaho in the Spokane River Dissolved Oxygen TMDL (USEPA, 2008).  Therefore, the Draft 
should be revised to fully consider the impacts of the Albeni Falls Project, including the Project’s 
late-summer contribution to downstream WQ violations. 
 
G2.  The Draft TMDL’s use of Cumulative Frequency Analysis methodology further obscures 
water quality violations.. 
 
The use of Cumulative Frequency Analysis (CFA) methodology has led to erroneous and 
misleading statements in the Draft TMDL and improper load allocations, now called target 
temperatures.  The Kalispel Tribe has consistently objected to the misuse of the CFA 
methodology, particularly as applied during the late summer when thermal barriers will likely 
delay the migration patterns of threatened bull trout.  CFA may be appropriate where observation 
of occurrences is independent of all others during the period in question and where the timing of 
occurrences is irrelevant when being used for comparison between sample sets.  These 
assumptions are not appropriate when comparing a thermal regime with river modeling for 
changes in water temperatures which are temporally and spatially dependent and biologically 
important to migrating species. 
 
The Draft TMDL purportedly uses CFA to correct for a small potential hydraulic lag (max 2-4 
days), which hydropower project owners contend must be accounted for when evaluating 
temperature impacts on rivers.  To evaluate the legitimacy of the claim that hydraulic lag justifies 
using CFA, the Kalispel Tribe asked Keta Waters to conduct a comparative analysis of CFA 



method for the Box Canyon reservoir using direct daily comparisons from Ecology’s natural and 
existing model scenarios.  That analysis shows that there is no hydraulic lag contributing to 
arbitrary WQ violations (Keta Waters, 2010(b)). 
 
Keta Waters’ analysis also illustrates that CFA masks many WQ violations and reduces the 
apparent magnitude of river warming and detected violations throughout the Box Canyon 
Reservoir, including violations in Kalispel Tribal waters.  These underestimations of magnitude 
and occurrences in WQ violations have resulted in a target temperature reduction in the TMDL 
that is 42% less stringent than what the actual target should be at the Box Canyon Forebay.  And 
again, this underprotective reduction target does not account for Albeni Falls Dam impacts 
discussed previously.   
 
The scientific defensibility of Ecology’s CFA methodology is also undercut by a simulation 
performed by Keta Waters in which a hypothetical discharge into an otherwise completely 
natural river resulted in a one-degree increase above natural conditions in the Skookum Reach on 
each day between August 1 and September 5, 2004.  This one-degree theoretical increase, by 
definition in the state’s special temperature criteria for the Pend Oreille River, must result in a 
WQ violation well above the 0.3°C allowable increase on 100 percent of the 35 days when the 
river was naturally over 20°C, and two more violations when the river was less than 20°C.  
However, when this theoretical data is inputted into the CFA methodology set forth in the 
TMDL, the output would indicate that the test-case pollution would only cause a one percent 
chance of a temperature violation and that the “full temperature profile differential” is equal to 
0.022°C (Keta Waters, 2010 (b)).  It is therefore clear that the CFA method is unacceptable when 
defining thermal pollution reduction targets in a TMDL designed to provide resource recovery 
needs for threatened migratory fish. 
 
As emphasized in EPA’s guidance for temperature standards, restoring a thermal regime is 
important to protecting salmonids like migratory bull trout where summer maximum 
temperatures exceed optimal temperatures (USEPA, 2003).  A thermal regime requires 
consideration of critical habitat temperatures both in space and time.  It has been well 
documented that thermal impacts caused by impoundments on rivers usually result in 
accumulation of heat with delayed cooling compared to natural conditions in late summer 
(USEPA, 2001).  By using a data analysis method that ignores temporal impacts and compares 
occurrences of a given temperature regardless of timing in natural and impounded scenarios, the 
Draft TMDL introduces a misleading bias into the analysis that systematically ignores ecological 
impacts caused by changes in timing of cooling and potential negative impacts on migratory fish 
populations.  Ignoring the temporal changes in thermal impacts is as misleading as it would be to 
compare temperatures regardless of where they occurred spatially in the river. 
   
 
G3.  The Draft TMDL fails to ensure that Kalispel water quality standards will be met. 
 
The Draft TMDL does not explicitly state how Ecology’s proposed load capacity, WLAs, and 
LAs will meet Kalispel water quality standards at the jurisdictional boundary.  Kalispel analyses 
show that there are violations of Kalispel water quality standards at and just upstream of tribal 
waters in both 2004 and 2005.  Ecology’s current CFA analysis results in erroneous conclusions 



about compliance with both tribal and state temperature criteria.  Instead of addressing 
noncompliance with tribal water quality standards, the Draft TMDL asserts: 
 

The loading capacity will defer to the Washington State criteria as opposed to 
designating entirely separate ones based on the Kalispel tribal criteria. This is because 
this TMDL only applies to Washington State waters. Moreover, the application of both 
Washington State and Kalispel tribal criteria to Pend Oreille River temperatures 
identified similar heating patterns in the coincidental reaches and segments examined. 

 
This explanation is inadequate for two reasons.  First, the fact that the TMDL only applies to 
state waters does not relieve the State of its obligation to ensure that Kalispel water quality 
standards are met at the jurisdictional boundary.  Second, the Tribe objects to the assertion that 
compliance with its water quality standards can be derived from the CFA methodology set forth 
in the Draft TMDL.  To avoid authorizing violations of Kalispel WQ standards, the Draft TMDL 
must ensure that target temperatures for the jurisdictional boundary are based on Kalispel water 
quality criteria and paired analysis rather than state criteria and CFA methodology.  Any NPDES 
permits issued under the auspices of the TMDL must be developed in accordance with such 
target temperatures.  At a minimum, the permits should prevent the degradation from getting 
worse by each discharger and require periodic engineering evaluations looking for opportunities 
to reduce heat loads. 
 
 
G4.  Pend Oreille River Special Temperature Criteria must be strictly interpreted or revised for 

protection of bull trout 
 
The Special Temperature Condition for the Pend Oreille River likely does not adequately protect 
critical habitat for bull trout migration when the river is less than 20°C and greater than 10°C 
because it allows 1 to1.8°C increases from human causes above natural conditions for the entire 
river.  The timing of the large allowable increase is during the late-summer critical period when 
bull trout would normally try to reenter the river for feeding and migration.  In a spirit of 
collaboration, the Kalispel Tribe previously agreed to postpone establishing new temperature 
criteria for the TMDL if the old criteria were strictly implemented using the most protective 
assumptions for allowable thermal increases from natural conditions. 
 
Unfortunately, Ecology chose to not address Kalispel concerns and refused to even apply the old 
special temperature condition in its entirety until, after Kalispel objections, EPA encouraged the 
agency to seek its own AG’s opinion.  This delayed progress in the TMDL for a year.  In the 
meantime, the CFA analysis issues were ignored.  Ecology’s continued insistence on using a 
CFA method that masks the full temperature impacts and seasonal criteria violations further 
eviscerates any marginal protection offered to bull trout by the special temperature condition.  
This is especially important now since requirements for hydropower mitigation to restore the 
protective thermal regime for bull trout will rely on the accurate evaluation of temperature 
impacts in the TMDL. 
 
Bull trout populations have typically adapted their migratory strategies to using a river like the 
Pend Oreille as a migratory corridor using colder tributaries and springs to avoid the hottest 



summer waters and by adapting the timing of their migration.  As nights lengthen and cool in late 
summer, they will typically begin to utilize the river as soon as natural diurnal cooling allows 
feeding forays and inter-refugium migration past thermal barriers to begin returning to the 
wintering lake. Bull trout have habitat requirements that are more specific than those for many 
other salmonids and one of the key components of suitable bull trout habitat is cold water.  As 
described in the USFWS 2000 BiOp, migration strategies and population survivability are 
adversely impacted by an impounded system.  Using an analysis method that hides these late 
summer thermal impacts caused by river impoundments is inconsistent with the goals of 
protecting critical habitat for threatened species under ESA and protecting designated beneficial 
uses under the CWA.  
In the cover letter to the 2008 BiOp for EPA’s approval of Washington’s Water Quality 
Standards, USFWS stated the following: 
 
“Based on the information provided in the BE, meetings, and written and verbal correspondence 
since the project started, the FWS has determined that approval and implementation of the 2006 
Washington WQS will have adverse effects to bull trout and designated habitat for the bull trout 
in areas and/or situations where the standards do not provide adequate protection for essential 
habitat elements or the life history stage(s) that occur or may be present in the reach”. 
 
The USFWS appeared to have resolved a portion of the above issue with the Conservation 
Recommendation in the associated BiOp as follows: 
 
“The WDOE did not revise the special temperature criteria for several rivers in eastern 
Washington, resulting in water bodies that were designated as “salmon spawning, rearing, and 
migration use” or “salmon rearing and migration” under the proposed action retaining 
temperature standards that are well above 17.5 °C. Based on the letter from WDOE to the EPA 
(dated January 28, 2008), the State has agreed to address the special temperature provisions in 
the TMDL process. The FWS recommends that, if model calculations indicate that the 
temperature criteria exceed the natural conditions, the standards be revised to ensure that 
aquatic life uses are protected.” 
 
The Tribe’s concern on this issue was clearly conveyed by Kalispel representatives to Ecology in 
meetings and written comments.  Apparently those concerns have received little consideration.  
If temporal aspects for scenario comparison are not retained in analysis and implementation of 
the special temperature condition, then a new more protective criterion protecting thermal regime 
for bull trout restoration must be developed to replace the special condition in the Pend Oreille 
River per the USFWS/Ecology agreement. 
 
G5.  TMDLs for Pend Oreille tributaries must include all streams and use the correct Char-based 

temperature criteria, where appropriate, and apply criteria to the entire tributary length 
 
All tributaries to the Pend Oreille River used as part of the LAs for the mainstem Pend Oreille 
draft TMDL must have complete and valid TMDLs.  The TMDLs need to establish appropriate 
target shade requirements based on the correct use-based criteria for each tributary regardless of 
land ownership.  The previously adopted Colville Forest temperature TMDL, Detailed 
Implementation Plan, and Colville National Forest Plans, were all drafted without using the 



appropriate Char use-based criteria of 12°C in the Pend Oreille watershed.  Because there are 
errors and inconsistencies in the stream names and designated uses, all tributaries to the Pend 
Oreille River need to have reconfirmation of the appropriate use-based criteria for each stream 
and have the subsequent target shade requirements revised to meet the designated Char use-
based criteria.  The criteria and revised tributary TMDL must be applied to the entire stream. 
 
Specific Comments* 
 
*Given the complexity of the issues involved, the Tribe’s specific comments are not exhaustive 
and the Tribe may object to other provisions of the TMDL beyond those cited herein. 
 
S1.  Page xi, first paragraph 
 
This statement using the word “subtle” and cooler is misleading.  Reaches are not cooler than 
natural in late summer.  The stored heat and reduced cooling present in the river causes much 
higher temperatures both on the average and maximum temperature in late summer which is 
evident when using appropriate analysis and accounting for upstream heat sources.  
 
S2.  Page xi, second paragraph 
 
The river is not cooler for an extended period in late summer below Albeni Falls which is 
evident in an analysis that preserves temporal aspects of the thermal regime. 
 
S3.  Page xi, third paragraph 
 
A flawed analytical analysis ignoring temporal aspect and the heat load present in the river is the 
only thing that allows such a misleading statement saying the river is cooler.  A direct daily 
analysis does not allow the same conclusion (see also G2). 
 
S4.  Page xi, fourth paragraph 
 
The temperature criteria exceedances are significantly underestimated and violations are missed 
completely due to use of CFA method.  Averaging of CFA derived underestimations of 
violations of a daily maximum metric is inappropriate and misleading (see also G2). 
 
S5.  Page xii, first paragraph 
 
Setting the allocation for the Stateline at 2004 conditions is inappropriate since excess heat 
flowing downstream in late summer is contributing further degradation downstream.  The 
additional heat is contributing to temperature violations in WA and Kalispel waters detrimental 
to recovery of native trout populations. 
 
S6.  Page xii, Table ES 2 
 



The determination of compliance with WQ criteria is biased by inappropriate CFA methodology 
that misses and underestimates violations between scenarios, including violations at and above 
the boundaries with tribal waters (see also G2). 
 
S7.  Page xiii, first paragraph 
 
There is much confusion in the document about the use of the allocations, then inferring 
temperature reductions, but with no river flow, temporal, or atmospheric conditions associated 
with declaration of the values.  Load allocations need to be determined for all seasons using the 
correct measure of thermal impact that doesn’t bias the conclusion and then allowable pollutant 
loadings under TMDL design conditions must be clearly expressed.  There are violations of both 
parts of the existing special criteria in most reaches of the river, including those at, and upstream 
of, Kalispel waters, when evaluated with the direct daily comparisons (see also G2). 
 
S8.  Page xiii, second paragraph 
 
The permitted point source loads need to be subtracted from the total load capacity and tracked 
as measurable sources of thermal pollution to the river.  If small sources of theoretical shade are 
being tracked and accounted for, so should all wastewater discharges of heat. 
 
There is no evidence, or plan, that suggests that LAs given to dams can be met.  As commented 
previously via email to Ecology on July 14, 2009, the existing heat load from point sources needs 
to be fixed at existing levels and not allowed to increase for possible expanded future flows.  
There is no room for growth, as the reserved capacity for permitted point sources’ thermal loads 
indicates, unless it can be demonstrated that there is some sort of a plan and reasonable assurance 
the dams will be able to meet the correct LAs using the direct daily analysis. 
 
S9.  Page xiii, third paragraph 
 
Any existing TMDLs and associated allocations with safety margins for the Pend Oreille 
tributaries without Char-based criteria need to be voided immediately and redeveloped for the 
entire length of each stream following appropriate administrative procedures for establishing a 
TMDL. 
 
There appear to conflicting conclusions for the impact of shading effects in tributaries, the 
amount of shade potential which will be needed, and which TMDL for temperature will regulate 
shade requirements in tributaries.  Apparently, the Colville Forest TMDL for temperature was 
submitted and approved by EPA in 2005 without using the appropriate char use-based 
temperature criteria for Pend Oreille tributaries (12°C), even though they were promulgated by 
the State in 2003.  The Colville Forest TMDL used 16°C to develop shade targets to delist these 
tributaries. The TMDL was then used to develop a detailed implementation plan in 2005 and the 
USFS Colville Forest plans in 2006; those plans helped exclude listing of critical char habitat on 
federal land.  Because the Colville Forest TMDL used the wrong temperature criteria for Pend 
Oreille tributaries with Char-based uses, the streams need to be placed back on the 303(d) list 
and TMDLs redeveloped for the entire length of each stream following appropriate 
administrative procedures for establishing TMDLs. 



 
The required levels and shade potential in current LAs are inconsistent with, and apparently in 
some cases less stringent than, the levels and shade potential needed to meet char used-based 
criteria; those used in the Colville Forest TMDL are no longer valid.  There is neither 
justification for the shade targets identified for tributaries nor any citation to a technical report 
which documents adequate analyses for establishing multiple temperature TMDLs in bull trout 
habitat, including all the required components of an approvable TMDL including margin of 
safety and public participation. 
 
Because the Colville Temperature TMDL used out-dated temperature criteria, a concise 
statement needs to be made that explains both the validity of the Colville Temperature TMDL 
for most Pend Oreille tributaries and how each of the shade potential for each tributary was 
derived for the new proposed Pend Oreille TMDLs.  There needs to be a clear basis documented 
for how each tributary LA was derived from shade potential and how that LA and required shade 
potential achieves the char-based water quality criteria within each stream.  These new LAs and 
target shade potentials need to be compared to those adopted under the Colville TMDL and 
explain why changes were, or were not made to each. 
 
S10.  Page xiii, fourth paragraph 
 
There is no room in the total load capacity for reserved capacity assigned to future pollution 
growth since there is no reasonable assurance or any plan that the LAs given to the dams can 
ever be met. 
 
S11.  Page xiii, fifth paragraph 
 
“Reasonable assurances” does not just mean that there is another potential regulatory process.  
There needs to be a plan that has a reasonable potential to lower pollution and achieve the 
allowable thermal load capacity when it is implemented.  The FERC action plan refers to a 
process, but no remedy is even remotely identified to meet the LAs for dams.  Therefore, the 
other allocations, reserve capacity, and margin of safety are all arbitrary values. 
 
S12.  Page xiii, sixth paragraph 
 
Wastewater point source permits must address impacts to temperature within both parts of the 
temperature criteria, not just when it exceeds 20°C.  There should be a permit condition that fixes 
thermal loads at current conditions and requires point sources to periodically look for ways to 
reduce their thermal load over time. 
 
S13.  Page xiii, seventh paragraph 
 
Ecology is obligated to do more than just work with point sources to implement provisions of a 
TMDL and other CWA requirements to meet the Kalispel criteria at the boundary with state 
waters.  This needs be an explicit statement accurately based on legal requirements of the CWA. 
 
S14.  Page xv, contributions 



 
Please list Kalispel Tribe representatives as participants in the TMDL process rather than 
contributors to this document. 
 
S15.  Page 2, paragraph 5 
 
Ecology is obligated to do more than just work with point sources to implement provisions of a 
TMDL and other CWA requirements to meet the Kalispel criteria at the boundary with state 
waters.  This needs be an accurate statement based on requirements of the CWA for protecting 
boundary waters. 
 
S16.  Page 3, Surrogate Measures Section 
 
The thermal loading in allocations was originally proposed in the first draft TMDL and a similar 
approach in this draft needs to be retained.  Elimination of allocation loads does not provide 
more meaningful or measurable pollutant loading targets.  While the heat load allocation derived 
at the TMDL design conditions can be converted to a potential temperature compliance value 
under a certain flow condition, it does not mean the expression of allowable loading should be 
eliminated from the TMDL.  Currently there is a mix of temperature targets being called loads, 
and temperature reduction values being called allocations, with no explanation of why the 
thermal loading approach used in the previous draft TMDL needed to be abandoned and no 
explanation of why this was done without any discussion with the MOA participants. 
 
S17.  Page 19, Model Calibration 
 
The important calibration estimate would be for the period when there is the most potential for 
critical conditions affecting the most sensitive species.  The model calibration should focus on 
late summer conditions and be most accurate when excess heat load contributes to potential 
thermal barriers which limit use of the river that is normally available to bull trout, given 
seasonal and diurnal cooling.  Calibrating the model for the entire season and not the most 
critical condition does not assure that the modeling method contributes to a margin of safety. 
 
S18.  Page 26-40, Methods 
 
The CFA method creates a bias in the data analysis which results in allowances for excess 
degradation of resources that do not support designated beneficial uses, including those in 
Kalispel tribal waters.  The direct daily comparison method of analysis in the Pend Oreille does 
not create arbitrary conclusions about criteria violations because a worst-case hydraulic lag time 
is around 4 days at Boundary Dam (see also G2). 
 
S19. Page 41-69, Results 
 
The CFA method has created an inaccurate representation of the human-caused thermal impacts 
by eliminating the important temporal factor.   The analyses of existing violations and pollution 
effects are very much underestimated due to introduction of method bias which masks 



degradation caused by impoundments and prevents full opportunity for recovery of the resources 
(see also G2.) 
 
S20.  Page 71, “surrogate measures” 
 
The complete abandonment of quantifying heat load and instead using just temperature for 
allocations is neither justified nor appropriate.  The report is confusing about load capacity, 
allocations using temperature reductions, temperature targets, and how, when, and under what 
kind of river conditions they would apply and how reductions might be quantified by source. 
 
S21.  Page 72, second paragraph 
 
The TMDL must explicitly state how Ecology’s proposed load capacity, WLAs, and LAs will 
meet Kalispel water quality standards at the jurisdictional boundary.  Kalispel analyses show that 
there were violations of Kalispel water quality standards at and just upstream of tribal waters in 
both 2004 and 2005.  Ecology’s current CFA analysis results in erroneous conclusions about 
compliance with both tribal and state temperature criteria.  The current statement in the draft 
TMDL below is not adequate. 
 
“The loading capacity will defer to the Washington State criteria as opposed to designating 
entirely separate ones based on the Kalispel tribal criteria. This is because this TMDL only 
applies to Washington State waters. Moreover, the application of both Washington State and 
Kalispel tribal criteria to Pend Oreille River temperatures identified similar heating patterns in 
the coincidental reaches and segments examined. 
 
This TMDL may only apply to Washington State waters but where those waters meet the 
Kalispel waters they must meet the Kalispel Tribe’s standards.  Thus the TMDL must 
demonstrate that the Tribe’s standards will be met at the boundary. 
 
S22.  Page 73, Table 11 
 
The values and conclusions presented are not accurate due to bias in CFA methodology, as 
described in previous comments (see also G2). 
 
S23.  Page 73, Idaho-Washington Stateline 
 
The Pend Oreille River water entering Washington is not cooler in late summer and only the use 
of CFA methodology makes it appear to be cooler.  An allocation for “maintenance of existing 
condition temperatures observed in 2004” does not account for significantly warmer average 
river temperatures contributing to downstream violations during critical conditions in late 
summer (see also G1) 
 
S24.  Page 74-75,  NPDES permitted waste load allocations 
 
Ignoring permitted heat contributions and not reducing the hydropower LAs is inappropriate as is 
giving allowances for expansion of heat discharges in a fictitious reserved capacity. 



 
S25.  Page 77, Tributary Shading 
 
Reference to an invalid Colville National Forest TMDL that did not use Char-based criteria to 
develop allocations is inappropriate.  All char streams delisted using the adoption of Colville 
Forest TMDL must be relisted on the 303(d) list.  All tributaries designated as Char waters need 
to be reassessed for their entire length with appropriate revised shade requirements to meet the 
12°C criteria, including an evaluation of the margin of safety, with public review. 
 
S26.  Page 78-79, Hydroelectric Facilities load allocations 
 
Allocation of 0.24°C allowable increase to Washington dams is inappropriate since there are 
upstream heat sources and wastewater sources contributing to warming above natural conditions 
(see also G1) and the CFA methodology has systematically underestimated the actual thermal 
impairment present under existing conditions in Kalispel waters and at Box Canyon dam (see 
also G2). 
 
S27.  Page 79, Reserved Capacity 
 
There is no plan that suggests how the dams will meet the already inflated allocations.  Therefore 
fabricating reserved capacity to allow wastewater dischargers to increase thermal pollution is not 
warranted. 
 
S28.  Page 80, Margin of Safety 
 
The use of CFA methodology, ignoring the heat coming from Idaho, and not accounting for 
point source contributions, does not provide an accurate initial assessment of existing impacts or 
provide for any margin of safety.  There is no valid evaluation showing that the 2004/05 years 
were critical conditions for assessing the thermal regime, especially since the lowest flows of the 
study period, which occurred in September 2005, were not assessed (see also G1 and G2) 
 
S29,  Page 81, Reasonable Assurances 
 
There is no substantive plan provided on how the TMDL will be met.  Providing reasonable 
assurances means that there should be a general idea of how the TMDL will be met and how 
implementation is assured to achieve compliance with WQ standards.  Currently there is only a 
reference to a process with no foreseeable solution for the dams to achieve the required thermal 
impact reductions that are needed to meet the total thermal load capacity of the river, let alone 
provide capacity for wastewater discharge expansion and provide a margin of safety.  Referring 
to a FERC process, with a continuous deferral of achieving the temperature criteria built into the 
state’s WQ standards, is not adequate for restoring native trout back to the river and Kalispel 
people. 
 
S30, Pages 85-88, Implementation Strategy 
 



As previously discussed, the implementation strategy needs to have at least some plan for 
restoring water quality so that it is more supportive of native trout recovery.  A strategy that 
defers to a FERC process without having any plan for preventing violations of the temperature 
criteria in Kalispel waters, or throughout the rest of the river, is not acceptable.  The State’s 401 
certification of the FERC licenses postponed the temperature issue to the TMDL process. Now 
the TMDL proposes to postpone development of  solutions to restore water quality back to the 
FERC process, which is then allowed multiple cycles of 10 year compliance schedules in the 
State’s WQ standards.  The State needs to require more substantive potential solutions and 
include what the US Army Corp of Engineer will do to help correct temperature issues as part of 
an approvable TMDL. 
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KETA WATERS  
6520 East Mercer Way KetaWaters.com 
Mercer Island, WA 98040 (206) 236-6225 
 

 KetaWaters 
 

 
 
 
August 10, 2010 
 
 
 
Kalispel Tribe Natural Resources Department 
P.O. Box 39 
Usk, WA 99180  
 
Attn:  Ken Merrill 

Water Resources Manager  
 
Subject: Approaches for Comparing Predicted Temperatures for the  

Pend Oreille River under Existing and Natural Conditions 
   
 
 
Dear Ken, 
 
This memorandum provides the results of an evaluation of different approaches for 
comparing predicted temperatures for the Pend Oreille River.  The evaluation focuses on 
the approach used by the Department of Ecology (Ecology) as described in the May 2010 
Draft Temperature TMDL for the Pend Oreille River.1  Ecology’s approach involves 
comparing predicted temperatures under existing and natural conditions.  Ecology’s 
comparisons are made using filtered data and cumulative frequency distributions.  The 
results from Ecology’s approach are contrasted with a more traditional approach based on 
a one-to-one comparison of predicted temperatures at specific locations in the river at 
specific dates.    
 
The text below refers to figures that are included in a Power Point presentation that was 
also developed as part of this review and evaluation.  The Power Point presentation is 
included as Appendix A and the figures are referenced based on the corresponding slide 
number in that presentation.    
 
The evaluations described below extend previous work that was completed in 2009.  That 
previous work is described in a June 16, 2009 memorandum to you.  The 2009 
memorandum is attached as Appendix B. 

                                                 
1 Ecology, Pend Oreille River Temperature Total Maximum Daily Load Water Quality Improvement 
Report, May 2010 DRAFT. 
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 KetaWaters 
 

 
 

A. Overview and approach 
 
Three CE-QUAL-w2 models have been developed to simulate flows and temperatures in 
the Pend Oreille River between Lake Pend Oreille and the International Boundary, as 
shown in Slide 2.  The Albeni Falls model is used to simulate river conditions between 
Lake Pend Oreille and Albeni Falls Dam, the Box Canyon model simulates the river 
between Albeni Falls Dam and Box Canyon Dam, and the Boundary model simulates the 
river between Box Canyon Dam and the International Boundary.    
 
Each of the models was used to simulate several different scenarios.  The two scenarios 
that were considered in this review are existing conditions and natural conditions.  The 
existing condition scenarios were intended to simulate flow and temperatures with the 
existing impoundments while natural conditions were intended to simulate flow without 
the three dams listed above.  It should be noted that existing flows into Lake Pend Oreille 
from the  Clark Fork River were used in the natural condition simulations (i.e., the natural 
conditions scenario includes flow regulation from upstream dam operations on the Clark 
Fork River basin).  
 
The focus of the review was on comparing simulations for natural and existing scenarios 
using the Box Canyon model.  The model results for these scenarios were obtained from 
the Department of Ecology.  The model runs that were compared are listed in Table 1. 

  
 

Table 1.  Model runs used in comparison 
Model Scenario Model run time Developer 

Box Canyon Existing 14:12:41 on 02/12/09 Portland State 
Box Canyon Natural 16:28:52 on 06/29/07 Portland State 

 
 
Existing-condition simulations were developed for the time period 1/1/2004 to 
12/31/2005 while the natural condition simulations were developed for the time period 
1/14/2004 to 9/9/2005.   The comparison of approaches focuses on the period 1/14/2004 
to 12/31/2004.   Some results for the period 1/1/2006 to 9/9/2005 are also presented.  
 
The CE-QUAL-w2 model is implemented by dividing the length of the river into 
segments.  There are approximately 360 segments in the Box Canyon model.  Each 
segment is divided into a series of layers to represent temperatures differences that occur 
with depth.  The Box Canyon model uses 102 layers, with each layer 1-meter thick.   
 
The output from the CE-QUAL-w2 model provided by the Department of Ecology 
includes five types of temperature statistics for each segment used to represent the river.  
These are 1) surface temperature (i.e., temperature in the top layer), 2) bottom 
temperature (i.e., temperature in the bottom layer), 3) flow-averaged temperature, 4) 
volume-averaged temperature and 5) maximum temperature in the segment.  The flow-
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averaged temperature for a segment is calculated by multiplying the flow and temperature 
of each layer, adding these all together, and then dividing by the total flow in the 
segment.  Similarly, the volume-averaged temperature for a segment is calculated by 
multiplying the volume and temperature of each layer, adding these all together, and then 
dividing by the total volume of the segment.  Unless stated otherwise, all temperatures 
used in this analysis are volume-averaged values.  These volume averages provide the 
best measure of the average temperature within each segment at each time interval.  
 
The analysis approach adopted by Ecology as described in the May 2010 Draft 
Temperature TMDL considers several different reaches along the Pend Oreille River, as 
shown in Slide 3.  The comparison of approaches described below considers the 
Skookum, Kalispel, and Box Canyon Forebay reaches.  The location of these reaches and 
the model segments that are included within the reaches are summarized in Table 2. 
 
 

Table 2.  Location of reaches and the model segments used in the evaluation  

Reach name Upstream 
boundary 

Downstream 
Boundary Reach length 

 Model 
segment 

River 
mile 

Model 
segment 

River 
mile 

Total 
segments 

Total 
length 
(miles) 

Skookum 87 76.8 115 72.4 28 4.4 
Kalispel 116 72.3 171 63.7 55 8.6 

Box Canyon Forebay 348/350 36.2 358/360 34.6 10 1.6 
 
 
Some of the results that will be presented below will focus on specific model segments.  
Model segment 115 (River Mile (RM) 72.4) is used to represent conditions immediately 
upstream of the Kalispel Reservation and model segment 156 (RM 66) is used to 
represent conditions within the Reservation.  These locations are shown in Slide 4. 
 
The evaluations described in this memorandum are based on model predictions 
developed by Portland State University.  The model output includes predictions of hourly 
temperatures under natural and existing conditions at each segment in the model domain.  
Slides 6 and 7 give examples of the type of model output that is used in the comparison.  
These slides present model predictions at RM 72 (Slide 5) and RM 66 (Slide 6) for 
August and September of 2004.   
 
This memorandum does not evaluate model uncertainty or model sensitivity.  Reasons for 
specific model behaviors are not addressed.  For example, the model suggests that 
temperatures between RM 72 and RM 66 increase under natural conditions and decrease 
under existing conditions, as shown in Slide 7.  Explanations for these results have not 
been developed.  
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B. Violations of Temperature Criteria in Skookum and Kalispel Reaches 
 
The number and magnitude of violations of temperature criteria in the Skookum and 
Kalispel Reaches based on the 2004 and 2005 model simulations are summarized in 
Table 3.  The violations for the State of Washington criteria were identified by comparing 
daily maximum temperatures under existing and natural conditions, as described on Slide 
8.  Violations of the Kalispel temperature criteria were identified by comparing both daily 
maximum temperatures and the seven-day average of the daily maximum temperatures, 
as described on Slide 8.  If the temperature difference between natural and existing 
conditions exceeds the allowable increase, a violation was noted.  The magnitude of the 
violation is defined as the difference between the allowable temperature increase and the 
actual temperature increase. 
 
The spatial and temporal distributions of violations are shown in Slides 9 through 16. 
Slides 9 and 10 highlight the similarities of temporal variations in temperature under 
existing and natural conditions.  These similarities suggest that time lag effects caused by 
dams and hydropower operations are relatively small.  Slide 17 shows that the number of 
violations of the Washington Criteria in 2004 increases at RM 72 if the existing 
temperatures are shifted one day relative to natural temperatures.  These results suggest 
that time lags may be less than one day at this location.  The effects of time shifts on the 
frequency and magnitude of temperature violations are discussed in more detail in the 
June 2009 memorandum included in Appendix B.   
 
As noted in Section A, all temperatures used in this analysis are volume-averaged values 
unless otherwise stated.  The results that are shown in Table 3 and in Slides 10 through 
17 are based on volume-averaged temperatures.  Selected results have also been 
developed using segment maximum temperatures.  The results using segment maximum 
values are similar to the results that are derived using volume-averaged temperatures.  
For example, the number of violations of the Washington Criteria during 2004 calculated 
using segment maximum temperatures is 21 at RM 72 and 8 at RM 66.  This compares 
with 18 violations at RM 72 and 8 at RM 66 calculated using the volume averaged 
temperatures, as described in Table 3. 
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Table 3.  Summary of temperature violations at RM 72 and RM 66 based on model 
predicted temperatures under natural and existing conditions.  Average and maximum 
violations are degrees above the allowable 0.3 degree C limit.   

Location River 
mile 

Number of days with 
violations of Washington 

criteria for 2004/2005

Average 
violation 
(deg C) 

Maximum 
violation 
(deg C)

Above Kalispel 
Reservation 72 18/11 0.30/0.34 0.76/0.65 

On Kalispel 
Reservation 66 8/1 0.22/0.36 0.45/0.36 

 
River 
mile 

Number of days with 
violations of Kalispel criteria 

for 2004/2005

Average 
violation 
(deg C) 

Maximum 
violation 
(deg C)

Above Kalispel 
Reservation 72 22/14 0.26/0.31 0.54/0.65 

On Kalispel 
Reservation 66 5/1 0.18/0.36 0.28/0.36 
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C. Differences in temperatures expressed in degree-hours 

 
Temperature differences between existing and natural conditions can be described using 
cumulative degree-hour differences.  The cumulative degree-hour differences are 
calculated by simply summing up the hourly temperature differences between existing 
and natural conditions.  Slide 18 gives the cumulative degree-hour differences at the 
Washington/Idaho state line (RM 88).  A positive slope in this figure indicates time 
periods when existing temperatures are warmer than natural conditions and a negative 
slope indicates periods when natural conditions are warmer than existing conditions. 
Additional results describing temperature differences in degree-hours are presented in the 
June 2009 memorandum included in Appendix B. 
 
The results show that temperatures are warmer under existing conditions on days when 
the Washington and Kalispel temperature criteria are violated.  For example, the 
temperatures at the state line are warmer under existing conditions from August 6 to 
August 14, from August 21 to August 31, and from September 2 to September 9 of 2004, 
as shown in Figure 18.  Violations of the Washington Criteria occur at RM 72 from 
August 10 through August 13 and from August 23 through August 31, 2004. 
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D. Illustrative examples of the Ecology approach for identify temperature 

violations  
 
The approach used by Ecology to identify violations of the Washington and Kalispel 
temperature criteria is described in the “Methods” section of the May 2010 Draft TMDL.  
Comparisons of the approach used by Ecology with a more traditional approach based on 
a one-to-one comparison of predicted temperatures at specific locations in the river on 
specific dates is presented below.  Two hypothetical examples are used to illustrate and 
highlight the differences in the approaches.   Synthetic time series of temperatures were 
developed to illustrate that the approach used by Ecology to filter data and to then use a 
cumulative distribution analysis may mask the number, the locations, and the magnitudes 
of temperature violations.  
 
Two examples were developed.  In the first example, a synthetic series of existing 
conditions was developed by adding one degree C to the natural temperatures for model 
segment 115 (RM 72) in the Skookum Reach for all dates after August 1, 2004.  This 
location is immediately above the Kalispel Reservation.  There was no time shift in flows 
or temperatures between the existing and natural time series.  The resulting time series 
for existing conditions was compared to the natural time series to evaluate Ecology’s 
methodology for identifying and quantifying violations of temperature criteria.  The 
second synthetic example is the same as the first example except the 1 degree difference 
is added after August 21 rather than after August 1.   
 
 
First illustrative example 
 
The existing and natural temperatures used in the first illustrative example are shown in 
Slides 19 and 20.  Prior to August 1, 2004, temperatures under the existing conditions are 
assumed to be the same as under natural conditions.  Between August 1 and December 
31, 2004, the existing temperatures are assumed to one degree warmer than the natural 
condition.   These temperature increases would result in violations of the Washington 
Criteria on all days where the daily maximum temperature exceeds 20 degrees.  This 
occurs from August 1 through September 5, 2004 (35 days) at RM 72, as shown in Slide 
21.  Two additional violations occur after September 5 when the existing temperatures 
are below 20 degree C, as shown in Slide 21.  This results in a total of 37 violations for 
this example.  
 
Ecology’s approach for identifying violations of the Washington temperature criteria is 
summarized below using the example temperatures for natural and existing conditions 
described above.2  The page references refer to page numbers in the May 2010 Draft 
TMDL.3 
                                                 
2 The temperatures that are used by Ecology in the TMDL are the maximum segment temperatures.  As 
noted above, volume-averaged temperatures were used in previous sections of this memorandum.  Segment 
maximum temperatures are used in this section for the comparison of the Ecology and traditional 
approaches for identifying violations. 
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Step 1.  Data Filtering (page 38-39) 
 
Daily maximum temperatures less than or equal to 20 deg C were removed from the 
model output.  The locations and dates with daily maximum temperatures greater than 20 
deg C are shown in Table 4.  There are 1,983 locations and times with temperatures 
exceeding 20 deg C in this example  
 
The natural temperatures at these same 1,983 locations and times are also identified in 
Ecology’s approach.  For this example, the existing and natural temperatures are the same 
at all segments except Segment 115 (RM 72).  The natural temperatures at Segment 115 
are the same as the existing temperatures prior to August 1 and are one degree cooler 
beginning August 1.   
 
 
Step 2.  Cumulative Frequency Distribution (page 41) 
 
The second step in Ecology’s approach is to plot the existing and natural temperatures on 
cumulative frequency distribution (CFD) graphs,  as shown in Slide 22.  Ecology’s 
approach involves using 100 data points to define the CFD for both the existing and 
natural distributions.  The data that are used in this graph for the example are listed in 
Table 5.   
 
 
 Step 3.  Calculation of Temperature Differentials (page 44) 
 
The third step involves calculating what Ecology defines as “temperature differentials.” 
The rationale for this step is summarized in the excerpt below from Page 44 of the Draft 
TMDL: 
 

The cumulative frequency distributions derived for the existing condition (scenario 
1) and associated natural condition (scenario 8) were compared to examine 
compliance with the Pend Oreille River temperature criteria. To determine 
compliance with criteria, the existing condition temperature CFD was subtracted 
from the associated natural condition temperature CFD, based on similar 
percentiles, to derive what is referred to as a temperature differential. 

 
The temperature differentials for the example are listed in Table 5 and are plotted on 
Slide 22.  The example results in a single data point exceeding the 0.3 degree temperature 
criteria.  This could be interpreted to suggest that the percent of violations is equal to 1%.  

                                                                                                                                                 
 
3 A detailed and full description of the Ecology approach is not included in the Draft TMDL document.  
The description provided in this memorandum represents my best interpretation of their approach based on 
the information included in the Draft TMDL. 
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The actual number of violations is 37 out of 72 days in which the existing temperature is 
above 20 degrees 
 
Ecology also calculates a “full temperature profile differential” by taking the average of 
the 100 differentials calculated from the CFD graphs.  For the illustrative example results 
listed in Table 5, the full temperature profile differential is equal to 0.022 degrees.   
 
 
Second illustrative example 
 
The existing and natural temperatures used in the second illustrative example are shown 
in Slide 23.  Prior to August 21, 2004, temperatures under the existing conditions are 
assumed to be the same as under natural conditions.  Between August 21 and December 
31, 2004, the existing temperatures are assumed to one degree warmer than the natural 
condition.   These temperature increases would result in violations of the Washington 
Criteria on all days where the daily maximum temperature exceeds 20 degrees.  This 
occurs from August 21 through September 5, 2004 (15 days) at RM 72, as shown in Slide 
23.  Two additional violations occur after September 3 when the existing temperatures 
are below 20 degree C, as shown in Slide 23.  This results in a total of 17 violations for 
this example.  
 
Ecology’s approach for identifying violations of the Washington temperature criteria is 
illustrated in Slide 24.  The average temperature differential, as defined in the Draft 
TMDL, is 0.006 degrees.  The maximum difference between existing and natural 
conditions calculated using the approach described in the TMDL is 0.08 degrees.   The 
actual maximum difference between existing and natural conditions is 1 degree.  The 
number of data pairs that result in violations using the approach described in the TMDL 
is 0 out of 100.  The actual number of violations is 17 out of 72 days in which the 
existing temperature is above 20 degrees.   
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Table 4.  Locations and dates with existing temperatures exceeding 20 degrees in the illustrative example 
Segment number

   87  88  89  90  91  92  93  94 95 96 97 98 99 100 101 102 103 104  105 106 107 108 109 110 111 112 113 114 115
06/26/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 20 20 20 20 20 20 20 20 20 20
06/27/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 20 20 20 20 20 20 20 20 20 20
06/28/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 21
06/29/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 20 20 20 20 20 20 20 20 20 20
06/30/04                            
07/01/04  21  21  21  21  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 20 20 20 20 20 20 20 20 20 20
07/02/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 21
07/03/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/04/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/05/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/06/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/07/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 21
07/08/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 21
07/09/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 21
07/10/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 20 20 20 20 20 20 20 20 20 20
07/11/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 20 20 20 20 20 20 20 20 20 20
07/12/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 21
07/13/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/14/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/15/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/16/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 22
07/17/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 23 23 23  23 23 23 23 23 23 23 23 23 23 23
07/18/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/19/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/20/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 23  23 23 23 23 23 23 23 23 23 23 23
07/21/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 23 23 23  23 23 23 23 23 23 23 23 23 23 23
07/22/04  24  24  24  24  24  24  24  24 24 24 24 24 23 23 23 23 23 23  23 23 23 23 23 23 23 23 23 23 23
07/23/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 23 23 23 23 24 24 24 24
07/24/04  25  25  25  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/25/04  25  25  25  25  25  25  25  25 25 25 25 24 24 24 24 24 24 24  24 24 24 24 24 24 24 25 25 25 25
07/26/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/27/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/28/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/29/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/30/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 24
07/31/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 23 23 24  24 24 24 24 24 24 24 24 24 24 24
08/01/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 25 25 25 25 25 26
08/02/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 25 25 25 26
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Segment number
   87  88  89  90  91  92  93  94 95 96 97 98 99 100 101 102 103 104  105 106 107 108 109 110 111 112 113 114 115
08/03/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 25
08/04/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 25
08/05/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 25
08/06/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 23 23 23  23 23 23 23 23 23 23 23 23 23 24
08/07/04  23  23  23  23  22  22  22  22 22 22 22 22 22 23 23 23 23 23  23 23 23 23 23 23 23 23 23 23 24
08/08/04  22  22  22  22  22  22  22  22 22 22 22 22 23 23 23 23 23 23  23 23 23 23 23 23 23 23 23 23 24
08/09/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 23 23 23  23 23 23 23 23 23 23 24 24 24 25
08/10/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 23 23 23  23 23 23 23 23 23 23 23 23 24 25
08/11/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 23 23 23  23 23 23 23 23 23 23 23 23 24 25
08/12/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 23 23 23  23 23 23 23 23 24 24 24 24 24 25
08/13/04  23  23  23  23  23  23  23  23 23 23 23 23 23 23 23 24 24 24  24 24 24 24 24 24 24 24 24 24 25
08/14/04  24  23  23  23  23  23  23  23 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 26
08/15/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  25 25 25 25 25 25 25 25 25 25 26
08/16/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 25 25 25 25 25 26
08/17/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 25 25 26
08/18/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 25 25 25 26
08/19/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 26
08/20/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 25 25 25 25 25 26
08/21/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  24 24 24 24 24 24 24 24 24 24 25
08/22/04  24  24  24  24  24  24  24  24 24 24 24 24 24 24 24 24 24 24  23 23 23 23 23 23 23 23 23 23 24
08/23/04  22  22  22  22  22  22  22  22 22 22 22 22 22 22 22 22 22 22  22 22 22 22 22 22 22 22 22 22 23
08/24/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 22
08/25/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 22
08/26/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 22
08/27/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 20 21
08/28/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 20 20 20 20 20 20 20 20 20 21
08/29/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 20 20 20 20  20 20 20 20 20 20 20 20 20 20 21
08/30/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 22
08/31/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 22
09/01/04  21  21  21  21  21  21  21  21 21 21 21 21 21 21 21 21 21 21  21 21 21 21 21 21 21 21 21 21 22
09/02/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20       21
09/03/04  20  20  20  20  20  20  20  20 20 20 20 20 20 20 20 20 20 20  20 21
09/04/04                             20
09/05/04                             20

09/11/04                             20
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Table 5.  Cumulative frequency data for the illustrative example 

Percentile Existing Natural Difference
0  20.002 20.002 0.000

0.01  20.120 20.120 0.000
0.02  20.168 20.167 0.001
0.03  20.205 20.203 0.002
0.04  20.227 20.225 0.002
0.05  20.274 20.272 0.002
0.06  20.318 20.313 0.005
0.07  20.343 20.343 0.000
0.08  20.359 20.355 0.004
0.09  20.401 20.392 0.010
0.1  20.443 20.440 0.003
0.11  20.504 20.496 0.008
0.12  20.587 20.570 0.017
0.13  20.639 20.631 0.008
0.14  20.667 20.667 0.000
0.15  20.690 20.681 0.009
0.16  20.726 20.722 0.003
0.17  20.759 20.755 0.004
0.18  20.790 20.775 0.015
0.19  20.837 20.829 0.008
0.2  20.877 20.865 0.012
0.21  20.897 20.889 0.008
0.22  20.930 20.907 0.023
0.23  20.978 20.965 0.012
0.24  21.017 21.004 0.013
0.25  21.065 21.044 0.021
0.26  21.098 21.093 0.005
0.27  21.129 21.110 0.019
0.28  21.176 21.164 0.012
0.29  21.206 21.195 0.011
0.3  21.281 21.228 0.053
0.31  21.487 21.407 0.080
0.32  21.529 21.514 0.015
0.33  21.588 21.576 0.012
0.34  21.637 21.623 0.015
0.35  21.756 21.752 0.004
0.36  21.790 21.781 0.009
0.37  21.828 21.816 0.012
0.38  21.921 21.904 0.018
0.39  21.952 21.945 0.007
0.4  21.988 21.982 0.006
0.41  22.018 22.012 0.006
0.42  22.073 22.057 0.016
0.43  22.194 22.187 0.007
0.44  22.331 22.329 0.002
0.45  22.389 22.384 0.006
0.46  22.521 22.518 0.003
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Percentile Existing Natural Difference
0.47  22.599 22.588 0.010
0.48  22.711 22.704 0.007
0.49  22.813 22.807 0.006
0.5  22.965 22.964 0.001
0.51  23.033 23.033 0.000
0.52  23.104 23.092 0.012
0.53  23.157 23.154 0.003
0.54  23.211 23.202 0.009
0.55  23.250 23.246 0.004
0.56  23.287 23.283 0.004
0.57  23.327 23.321 0.006
0.58  23.368 23.357 0.012
0.59  23.415 23.402 0.013
0.6  23.473 23.465 0.008
0.61  23.511 23.500 0.010
0.62  23.533 23.527 0.006
0.63  23.569 23.557 0.012
0.64  23.596 23.589 0.007
0.65  23.626 23.619 0.007
0.66  23.650 23.639 0.011
0.67  23.668 23.664 0.004
0.68  23.697 23.688 0.009
0.69  23.721 23.711 0.010
0.7  23.744 23.731 0.013
0.71  23.762 23.754 0.008
0.72  23.785 23.779 0.006
0.73  23.813 23.805 0.008
0.74  23.834 23.830 0.004
0.75  23.865 23.852 0.013
0.76  23.887 23.875 0.012
0.77  23.907 23.897 0.009
0.78  23.931 23.917 0.014
0.79  23.948 23.944 0.004
0.8  23.966 23.959 0.007
0.81  23.985 23.978 0.007
0.82  24.004 23.992 0.012
0.83  24.029 24.018 0.011
0.84  24.059 24.048 0.011
0.85  24.087 24.072 0.014
0.86  24.108 24.097 0.011
0.87  24.136 24.125 0.010
0.88  24.162 24.147 0.015
0.89  24.189 24.176 0.014
0.9  24.216 24.204 0.012
0.91  24.247 24.237 0.010
0.92  24.286 24.263 0.023
0.93  24.322 24.304 0.018
0.94  24.370 24.341 0.028
0.95  24.415 24.398 0.017
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Percentile Existing Natural Difference
0.96  24.466 24.451 0.014
0.97  24.534 24.501 0.032
0.98  24.594 24.556 0.038
0.99  24.702 24.627 0.075
1  25.912 24.912 1.000
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E. Violations in the Box Canyon Reach 

 
Model simulations for the Box Canyon Forebay were evaluated to compare the 
magnitude of temperature differences that are estimated using Ecology’s cumulative 
distribution approach with the differences that are estimated using the approach that 
maintains the temporal and spatial aspects of the temperature simulations.  The 
cumulative distribution approach described in the TMDL results in an estimated 
difference in the Box Canyon Forebay equal to 1.25 degrees (Table 6, page 52 of the 
TMDL).  Ecology has proposed a load allocation to the dams equal to 0.12 degrees (page 
88).  This results in a required temperature reduction equal to 1.13 degrees (Table 14, 
page 88).   
 
The Box Canyon Forebay temperatures were evaluated using a direct comparison of 
natural and existing temperatures using the results from the 2004 simulations.  The  
maximum temperature difference using this direct approach is 1.73 degrees while the 
maximum using Ecology’s approach is 1.25 degrees.  Based on Ecology’s allocation of 
0.12 degrees to the dams, the required temperature reduction using the direct comparison 
approach is 1.61 degrees C (1.73 minus 0.12).  This represents a 42% difference from the 
value proposed by Ecology. 
 
 

F. Conclusions  
 
Conclusions that can be developed based on the evaluation described above include the 
following: 
 

1. The number and magnitude of violations of temperature criteria were 
calculated based on the 2004 and 2005 model simulations at RM 72 and RM 
66.  Violations of both the State of Washington Criteria and the Kalispel 
Tribe Criteria were considered.  The results, which are listed in Table 3, show 
that violations of both criteria occurred at both locations in both years.  The 
largest number of violations occurred in 2004 at RM 72.  The Washington 
Criteria were violated 18 times at this location in 2004 and 11 times in 2005.  
The Kalispel Criteria were violated 22 times at this location in 2004 and 14 
times in 2005. 
 

2. The Department of Ecology has used a combination of filtering and statistical 
techniques to evaluate temperature violations.  Their rationale for this 
approach is described as follows:  

  
“The use of a cumulative frequency type analysis approach was chosen in 
recognition of the hydraulic changes to the Pend Oreille River, a 
consequence of hydroelectric power generation. These changes 
complicate direct time-based temperature comparisons (i.e. day to day) 
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between the existing and pre-hydroelectric conditions. (page 38, May 
2010 Draft TMDL) 

 
3. Ecology has not provided an analysis that would support their assertion that 

time lags are important and that day-to-day comparisons are not an 
appropriate approach for evaluating temperature violations.  Graphs of 
temperature predictions for existing and natural conditions suggest time lag 
effects are small and that day-to-day comparisons are valid and appropriate. 
 

4. Ecology’s approach for identifying and evaluating temperature violations 
may mask the true number and locations of temperature violations.  In the 
illustrative examples described above, Ecology’s approach would suggest 
that the number and magnitude of violations is significantly smaller than the 
actual values. 

 
5. The cumulative distribution approach described in the TMDL results in a 

required temperature reduction equal to 1.13 degrees for the hydroelectric 
load allocations (Draft TMDL, Table 14, page 88).  The required temperature 
reduction that results from using a direct comparison of natural and existing 
temperatures is 1.61 degrees C.  This represents a 42% difference from the 
value proposed by Ecology. 
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Sincerely, 
 

 
 
Joel Massmann, Ph.D., P.E.       
Keta Waters LLC 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

December 28, 2010 December 28, 2012 
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Three CE-QUAL-W2 Models are used to simulate impacts of dams on river temperatures

Albeni Falls 
Model
Box Canyon 
M d lModel
Boundary Dam 
Model
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The analysis focuses on the 
Box Canyon Model 
developed by Portland 
State.  Model predictions are 
compared at RM 66 and RM 
72  RM 72 is immediately 72. RM 72 is immediately 
upstream of the Kalispel 
Reservation and represents 
conditions entering the 
Kalispel Reservation.  RM 66 
is at Tacoma and Cee Cee 
Ah Creek and represents 
conditions on the Kalispel 

RM 66

RM 72
conditions on the Kalispel 
Reservation.  
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Hourly temperatures immediately above the Kalispel Reservation

Keta WatersAugust 10, 2010 Memorandum, Pend Oreille TMDL SLIDE 5



Hourly temperatures at the Kalispel Reservation
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Example model results: Change in temperature from immediately upstream of 
reservation (RM 72) to the center part of the reservation (RM 66) 
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Washington State Water Quality Standards

K li l T ib l W t  Q lit  St d dKalispel Tribal Water Quality Standards
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Violations of Washington Criteria immediately above the Kalispel Reservation (RM 72)
2004:  18 Violations

Note very short lag timesNote very short lag times
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Violations of Washington Criteria immediately above the Kalispel Reservation (RM 72)
2005: 11 Violations

Note very short lag times
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Violations of Kalispel Criteria immediately above the Kalispel Reservation (RM 72)
2004: 22  Violations
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Violations of Kalispel Criteria immediately above the Kalispel Reservation (RM 72)
2005: 14  Violations
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Violations of Washington Criteria at the Kalispel Reservation (RM 66)
2004: 8 Violations
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Violations of Washington Criteria at the Kalispel Reservation (RM 66)
2005: 1 Violations
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Violations of Kalispel Criteria at the Kalispel Reservation (RM 66)
2004: 5 Violations
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Violations of Kalispel Criteria at the Kalispel Reservation (RM 66)
2005: 1 Violations
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Violations of Washington Criteria Immediately above the Kalispel Reservation (RM 72)
with  Existing Temperatures Shifted One Day  
N b  f Vi l ti  I  f   t  Number of Violations Increases from 18 to 25
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Example Natural and Synthetic Existing Temperatures at RM 72 
Immediately above the Kalispel Reservation
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Example Natural and Synthetic Existing Temperatures at RM 72 
Immediately above the Kalispel Reservation
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Example 1.   Number of Violations at RM 72:  37
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Example 1.

The average temperature The average temperature 
differential, as defined in the 
Draft TMDL, is 0.0215 
degrees.  The number of 
data pairs that result in 
violations is 1 out of 100.
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Example 2.   Number of Violations at RM 72:  17
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Example 2.

The average temperature The average temperature 
differential, as defined in the 
Draft TMDL, is 0.006 
degrees.  The number of 
data pairs that result in 
violations is 0 out of 100.  The 
maximum difference 
between existing and natural between existing and natural 
conditions is 0.08 degrees.
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June 16, 2009 
 
 
Kalispel Tribe Natural Resources Department 
P.O. Box 39 
Usk, WA 99180  
 
Attn:  Ken Merrill 

Water Resources Manager  
 
Subject: Review of temperature modeling 
  Pend Oreille River 
   
 
 
Dear Ken, 
 
 
This memorandum provides the results of my review of temperature modeling that has 
been completed as part of the TMDL and dam re-licensing processes on the Pend Oreille 
River.   The text refers to figures that are included in a Power Point presentation that was 
also developed as part of this review.  The Power Point presentation is included as 
Appendix A and the figures are referenced based on the corresponding slide number in 
that presentation.  
 
 

A. Overview and approach 
 
Three CE-QUAL-w2 models have been developed to simulate flows and temperatures in 
the Pend Oreille River between Lake Pend Oreille and the International Boundary, as 
shown in Slide 3.  The Albeni Falls model is used to simulate river conditions between 
Lake Pend Oreille and Albeni Falls Dam (Slide 4), the Box Canyon model simulates the 
river between Albeni Falls Dam and Box Canyon Dam (Slide 5), and the Boundary 
model simulates the river between Box Canyon Dam and the International Boundary 
(Slide 6).    
 
Each of the models was used to simulate several different scenarios.  The two scenarios 
that were considered in this review are existing conditions and natural conditions.  The 
existing condition scenarios were intended to simulate flow and temperatures with the 
existing impoundments while natural conditions were intended to simulate flow without 
the three dams listed above.  It should be noted that existing flows into Lake Pend Oreille 
from the  Clark Fork River were used in the natural condition simulations (i.e., the natural 
conditions scenario includes flow regulation from upstream dam operations on the Clark 
Fork River basin).  
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The focus of the review was on comparing simulations for natural and existing scenarios 
using the Box Canyon and Boundary Dam models.  The model results for these scenarios 
were obtained from the Department of Ecology.  The model runs that were compared are 
listed in Table 1. 

  
Table 1.  Model runs used in comparison 

Model Scenario Model run time Developer 
Box Canyon Existing 14:12:41 on 02/12/09 Portland State 
Box Canyon Natural 16:28:52 on 06/29/07 Portland State 

Boundary Existing 11:31:03 on 06/04/07 Battelle 
Boundary Natural 16:24:52 on 06/19/07 Battelle 

 
 
Existing-condition simulations were developed for the time period 1/1/2004 to 
12/31/2005 while the natural condition simulations were developed for the time period 
1/14/2004 to 9/9/2005.  The comparison of simulations focused on the period 1/14/2004 
to 12/31/2004.  
 
Table 2 identifies locations used to compare flow and temperatures under natural and 
existing conditions.  These locations are shown on Slides 5 and 6. 
 

Table 2.  Locations used in comparing simulations 
River 
mile Model Segment Model Approximate location 

 Natural Existing   
88 14 14 Box Canyon Stateline 
66 156 156 Box Canyon Kalispel Reservation 
36 346 346 Box Canyon Above Box Canyon Dam 
33 10 10 Boundary Below Box Canyon Dam 
19 102 98 Boundary Above Boundary Dam 

16.5 120 116 Boundary Below Boundary Dam 
 
 
 

B. Comparison of Existing and Natural Flows 
 
Flows between Lake Pend Oreille and Boundary Dam for the natural and existing 
scenarios are shown in Slides 8, 9 and 10.  There is relatively little difference in flows 
between different locations in the river system, as summarized in Table 3.  However, the 
flows under the natural conditions are approximately 10% higher than the flows under 
existing conditions.   The reasons for this difference are not known. 



Review of Pend Oreille temperature modeling Page 3 
 

 KetaWaters 
 

Table 3.  Average flows between January 14, 2004 and September 9, 2005 
Existing conditions 

Model Box Canyon Box Canyon Boundary Boundary
Segment 10 356 2 116 
River Mile 89 36 34 16.5 
Average flow (cfs) 21,248 21,849 21,856 21,802 
Change from upstream (cfs)  601 7 -54 
     

Natural conditions 
Model Box Canyon Box Canyon Boundary Boundary
Segment 10 356 2 120 
River Mile 89 36 34 16.5 
Average flow (cfs) 23,316 24,114 24,113 24,407 
Change from upstream (cfs)  798 -1 294 
     
Ratio of Existing/Natural 91% 91% 91% 89% 

 
 
Slide 10 illustrates that the response of flows in the river system to precipitation is similar 
under natural and existing scenarios.  This similarity may be due in part to the assumption 
that inflows to Lake Pend Oreille from Clark Fork River are the same under both 
scenarios.  It should be noted that the water levels in Lake Pend Oreille are significantly 
different between these two scenarios, as shown in Slide 11.   
 
Slide 12 shows flows downstream of Boundary Dam.  Flows vary significantly over short 
time scales under existing conditions in response to releases from the dam. 
 
 

C. Temperature profiles 
 
The CE-QUAL-w2 model is implemented by dividing the length of the river into 
segments.  There are approximately 360 segments in the Box Canyon model and 120 
segments in the Boundary model.  Each segment is divided into a series of layers to 
represent temperatures differences that occur with depth.  The Box Canyon model uses 
102 layers, with each layer 1-meter thick.  The Boundary model uses 50 layers with each 
layer either 1-meter or 2-meters thick, depending upon the location in the river system. 
 
The output from the CE-QUAL-w2 model provided by the Department of Ecology 
includes five types of temperature statistics for each segment used to represent the river.  
These are 1) surface temperature (i.e., temperature in the top layer), 2) bottom 
temperature (i.e., temperature in the bottom layer), 3) flow-averaged temperature, 4) 
volume-averaged temperature and 5) maximum temperature in the segment.  The flow-
averaged temperature for a segment is calculated by multiplying the flow and temperature 
of each layer, adding these all together, and then dividing by the total flow in the 
segment.  Similarly, the volume-averaged temperature for a segment is calculated by 
multiplying the volume and temperature of each layer, adding these all together, and then 
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dividing by the total volume of the segment.  Unless stated otherwise, all temperatures 
used in this analysis are volume-averaged values.  These volume averages provide the 
best measure of the average temperature within each segment at each time interval.  
 
Temperature profiles along the length of the river are shown in Slides 14 and 15.  These 
profiles were developed by calculating the median temperature using all of the volume-
averaged temperatures for the 2004 simulation period.  These temperature values are 
generated using 29-minute time steps for the Box Canyon model and 60-minute time 
steps for the Boundary model.   
 
The annual median temperatures are higher for the existing-condition scenario and 
temperatures increase in a downstream direction for both the existing and natural 
conditions.  The difference in median temperatures between existing and natural 
conditions increases most significantly between Albeni Falls Dam and Box Canyon Dam, 
as shown in Slide 14.  
 
 

D. Hourly temperatures 
 
The model simulations show that, in general, existing temperatures are cooler than 
natural conditions prior to late July or early August and are warmer than natural 
conditions after late July or early August.  An example is shown in Slide 17, which gives 
hourly temperatures at RM 33 for the full period of evaluation (January 14-December 31, 
2004).   Temperature comparisons for summer and early fall are shown in Slides 18 
through 23.  These slides compare hourly temperature predictions for simulations of 
existing and natural conditions from July to October of 2004.   
 
The hourly temperature graphs show that the differences between daily lows and daily 
highs are generally larger under natural conditions, particularly during the warmer 
periods of August.  Night-time temperatures do not cool as significantly under existing 
conditions because of the greater water depths that result from the dams.  
 
Conditions below Boundary Dam are the exception to the general case of greater 
temperature variations for natural conditions, as shown in Slide 23.  Temperature changes 
during the day are much larger under existing conditions because of changes in flows that 
occur when water is released from the dam.  These flows are illustrated in Slide 12. 
 
The hourly temperature data shown in Slides 18 through 23 suggest that the time lag or 
time shift between temperature changes in the existing-condition and natural-condition 
scenarios is relatively small.  There is essentially no lag for the temperature conditions 
below Boundary Dam.  
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E. Daily median temperatures 

 
Daily median temperatures for July through September, 2004 are illustrated in Slides 25 
through 30.  These slides also include graphs of the differences in daily medians between 
existing and natural conditions.  Positive differences denote locations and times where 
the daily median for the existing-condition scenario is larger than the daily median for the 
natural-condition scenario.  The daily median graphs indicate that at most locations the 
existing temperatures become higher than temperatures under natural conditions 
beginning in late July or early August.   
 
 

F. Differences in temperatures expressed in degree-hours 
 
Temperature differences between existing and natural conditions can be described using 
cumulative degree-hour differences.  The cumulative degree-hour differences are 
calculated by simply summing up the hourly temperature differences between existing 
and natural conditions.  Slides 32 through 37 give cumulative degree-hour differences for 
the six locations used in this evaluation.  A positive slope in these figures indicates time 
periods when existing temperatures are warmer than natural conditions and a negative 
slope indicates periods when natural conditions are warmer than existing conditions. 
 
The results show that temperatures are warmer under existing conditions beginning in 
mid- to late July at most locations in the river system.  This warming appears to be 
delayed until September at locations downstream of Boundary Dam, as shown in Slide 
37. 
 

G. Violations of Temperature Criteria 
 
The number and magnitude of violations of temperature criteria based on the 2004 model 
simulations are shown in Table 4.  The violations for the State of Washington criteria 
were identified by comparing daily maximum temperatures under existing and natural 
conditions.  If the daily maximum temperature under natural conditions was greater than 
20 degrees C, then the allowable temperature increase was set equal to 0.3 degrees C.  If 
the daily maximum temperature under natural conditions was less than 20 degrees C, then 
the allow temperature increase was calculated using the expression 34/(T+9), where T is 
the daily maximum under natural conditions.  Violations of the Kalispel temperature 
criteria were identified by comparing the seven-day average of the daily maximum 
temperatures, as described on Slide 39. 
 
If the temperature difference between natural and existing conditions exceeds the 
allowable increase, a violation was noted.  The magnitude of the violation is defined as 
the difference between the allowable temperature increase and the actual temperature 
increase. 
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Table 4.  Number and magnitude of temperature criteria violations based on 2004 model 

results 

Location River 
mile 

Number of days with 
violations of 

Washington criteria 
for 2004

Average 
violation 
(deg C) 

Stateline 88 3 0.26 
Kalispel Reservation 66 8 0.22 

Above Box Canyon Dam 36 12 0.62 
Below Box Canyon Dam 33 29 0.63 

Above Boundary Dam 19 34 0.64 
Below Boundary Dam 16.5 51 0.60 

    

 River 
mile 

Number of days with 
violations of Kalispel 

criteria for 2004

Average 
violation 
(deg C) 

Kalispel Reservation 66 5 0.18 
 

 
The spatial and temporal distributions of violations are shown in Slides 40 through 46.  
Both the frequency and magnitude of violations increases in a downstream direction.  The 
number of violations in 2004 range from 3 at the Stateline to 51 below Boundary Dam. 
 
 
The effects of time shifts on the frequency and magnitude of temperature violations are 
shown in Table 5.  These effects were calculated by shifting the time scales for 
temperatures for the natural and existing conditions.  A plus-1 (+1) day time shift means 
that the daily maximum temperatures for natural conditions were compared to the next 
day’s daily maximum temperatures for existing conditions.  A minus-1 (-1) day time shift 
means that the daily maximum temperatures for natural conditions were compared to the 
previous day’s daily maximum temperatures for existing conditions.  The results shown 
in Table 5 indicate that the minimum number of violations occur with times shifts of 
approximately 2 days.  
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Table 5. Effects of time shifts on the frequency and magnitude of temperature violations 

Shift RM 16.5 RM 19 
 Frequency Magnitude Frequency Magnitude 

+0 51 0.60 34 0.64 
+1 51 0.60 22 0.74 
+2 44 0.70 21 0.73 
+3 47 0.73 21 0.76 
+4 49 0.74 26 0.73 
+5 55 0.72 33 0.70 
+6 60 0.68 40 0.72 
-1 62 0.60 43 0.72 
-2 64 0.71 45 0.93 
-3 68 0.78 48 1.1 
-4 80 0.76 52 1.2 
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H. Conclusions  

 
Conclusions that can be developed based on the review described above include the 
following: 
 

1. Annual median temperatures for 2004 are higher under existing conditions as 
compared to natural conditions.  These median temperatures increase in a 
downstream direction for both the existing and natural conditions.  The 
difference in median temperatures between existing and natural conditions 
increases most significantly between Albeni Falls Dam and Box Canyon 
Dam. (See Section C) 

 
2. Model simulations show that, in general, existing temperatures are cooler 

than natural conditions prior to late July or early August and are warmer than 
natural conditions after late July or early August.  (See Section D) 

 
3. Hourly temperature predictions show that the differences between daily lows 

and daily highs are generally larger under natural conditions, particularly 
during the warmer periods of August.  Night-time temperatures do not cool as 
significantly under existing conditions because of the greater water depths 
that result from the dams. (See Section D) 

 
4. Conditions below Boundary Dam are the exception to the general case of 

greater temperature variations for natural conditions.  Temperature changes 
during the day are much larger under existing conditions because of changes 
in flows that occur when water is released from the dam.  (See Section D) 

 
5. Graphs of daily median temperatures indicate that at most locations the daily 

median temperature under existing conditions are higher than temperatures 
under natural conditions beginning in late July or early August.  (Section E) 

 
6. Temperature differences between existing and natural conditions can be 

described using cumulative degree-hour differences.  The results show that 
temperatures are warmer under existing conditions beginning in mid- to late 
July at most locations in the river system.  This warming appears to be 
delayed until September at locations downstream of Boundary Dam.  
(Section F) 

 
7. The number and magnitude of violations of temperature criteria were 

calculated based on the 2004 model simulations.  Both the frequency and 
magnitude of violations increases in a downstream direction.  The number of 
violations based on the 2004 simulations range from 3 at the stateline (RM 
88) to 51 below Boundary Dam (RM 16.5). (Section G) 
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8. The effects of time shifts on the frequency and magnitude of temperature 
violations were evaluated.  The results indicate that the minimum number of 
violations occur with times shifts of approximately 2 days. (Section G) 

 
 
 
 
Sincerely, 
 

 
 
Joel Massmann, Ph.D., P.E.       
Keta Waters LLC 
 
 
 
 
 

December 28, 2010December 28, 2010
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Comparison of Predicted Temperatures for the Pend 
Oreille River under Existing and Natural Conditions

Prepared for the

Kalispel Tribe of Indians

By
Joel Massmann, Ph.D., P.E.

Keta Waters LLC

June 16, 2009
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Part 1.  Overview and approach
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Albeni Falls 
Model
Box Canyon 
Model
Boundary Dam 
Model

Three CE-QUAL-W2 Models are used to simulate impacts of dams on river temperatures



Keta WatersJune 16 Memorandum, Pend Oreille Model Review
SLIDE 4

The Albeni Falls Dam model was developed by Portland State.  
Temperature predictions for this model were not evaluated.  Flows and 

temperatures from Albeni Falls Dam are input to the Box Canyon model
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RM 66

RM 36

The Box Canyon Model was 
also developed by Portland 
State.  Model predictions are 
compared at RM 88, RM 66 
and RM 36.  RM 88 is near 
the Idaho/Washington 
stateline.  RM 66 is at 
Tacoma and Cee Cee Ah 
Creek and represents 
conditions on the Kalispel 
Reservation.  RM 36 is 1.8 
miles upstream of Box 
Canyon Dam. 

RM 88
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RM 33RM 19

The Boundary Dam model was developed by Battelle.  Model predictions are compared 
at RM 33, RM 19, and RM 16.5.  RM 33 is approximately 1.2 miles downstream of Box 
Canyon Dam, RM 19 is approximately 1.7 miles upstream of Boundary Dam, and RM 16.5 
is downstream of Boundary Dam. 

RM 16.5
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Part 2.  Comparison of existing and natural flows
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Compared temperature predictions at six locations for the existing and natural scenarios.  
Flows at Box Canyon for these two scenarios are shown below
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Flows at Box Canyon for Existing and Natural Scenarios for 6/15/04 to 9/30/04
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Flows at Box Canyon for Existing and Natural Scenarios and Precipitation
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Water levels in Lake Pend Oreille for Existing and Natural Conditions
(from Figure 1, November 21, 2007 Corps of Engineers Comments)

PSU existing conditions

PSU natural conditions

COE natural conditions
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Flows below Boundary Dam for Existing and Natural Scenarios
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Part 3.  Temperature Profiles
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Median temperatures for 2004 from Albeni Falls to Box Canyon

RM 36

RM 66

RM 88
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Median temperatures for 2004 from Box Canyon to Boundary Dam

RM 19

RM 33
RM 16.5
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Part 4.  Hourly temperatures
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Hourly temperatures near Stateline
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Hourly temperatures at the Kalispel Reservation
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Hourly temperatures above Box Canyon Dam
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Hourly temperatures below Box Canyon Dam
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Hourly temperatures above Boundary Dam
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Hourly temperatures below Boundary Dam
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Part 5.  Daily median temperatures
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Daily median temperatures at the Stateline
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Daily median temperatures at Kalispel Reservation
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Daily median temperatures above Box Canyon Dam
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Daily median temperatures below Box Canyon Dam
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Daily median temperatures above Boundary Dam
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Daily median temperatures below Boundary Dam
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Part 6.  Differences in degree-hours
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Part 7.  Violations of Temperature Criteria
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From A. Whiley (WDOE) presentation, 11/07/08

Used T=34/(t+9), and not 2.8
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Violations of Washington Criteria at the Stateline
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Violations of Washington Criteria at the Kalispel Reservation
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Violations of Kalispel Criteria at the Kalispel Reservation
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Violations of Washington Criteria above Box Canyon Dam



Keta WatersJune 16 Memorandum, Pend Oreille Model Review
SLIDE 44

Violations of Washington Criteria below Box Canyon Dam
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Violations of Washington Criteria above Boundary Dam
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Violations of Washington Criteria below Boundary Dam
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Kalispel Reservation

Below Boundary Dam

Above Boundary Dam

Below Box Canyon Dam

Above Box Canyon Dam

Kalispel Reservation

Stateline

Location

0.26388

0.18566

Average 
violation 
(deg C)

Number of days with 
violations of Kalispel 

criteria for 2004

River 
mile

0.605116.5

0.643419

0.632933

0.621236

0.22866

Average 
violation 
(deg C)

Number of days with 
violations of 

Washington criteria for 
2004

River 
mile
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November 26, 2010 
 
 
Kalispel Tribe Natural Resources Department 
P.O. Box 39 
Usk, WA 99180  
 
Attn:  Ken Merrill 

Water Resources Manager  
 
Subject: Review of temperature modeling 
  Pend Oreille River, Albeni Falls Model 
   
 
 
Dear Ken, 
 
 
This memorandum provides the results of my review of temperature modeling that has 
been completed as part of the TMDL and dam re-licensing processes on the Pend Oreille 
River.   The text refers to figures that are included in a Power Point presentation that was 
also developed as part of this review.  The Power Point presentation is included as 
Appendix A and the figures are referenced based on the corresponding slide number in 
that presentation.  
 
 

A. Overview and approach 
 
Three CE-QUAL-w2 models have been developed to simulate flows and temperatures in 
the Pend Oreille River between Lake Pend Oreille and the International Boundary, as 
shown in Slide 2.  The Albeni Falls model is used to simulate river conditions between 
Lake Pend Oreille and Albeni Falls Dam, the Box Canyon model simulates the river 
between Albeni Falls Dam and Box Canyon Dam, and the Boundary model simulates the 
river between Box Canyon Dam and the International Boundary.    
 
Each of the models was used to simulate several different scenarios.  The two scenarios 
that were considered in this review are existing conditions and natural conditions.  The 
existing condition scenarios were intended to simulate flow and temperatures with the 
existing impoundments while natural conditions were intended to simulate flow without 
the three dams listed above.  It should be noted that existing flows into Lake Pend Oreille 
from the  Clark Fork River were used in the natural condition simulations (i.e., the natural 
conditions scenario includes flow regulation from upstream dam operations on the Clark 
Fork River basin).  
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The focus of the review was on comparing simulations for natural and existing scenarios 
using the Albeni Falls model.  Slide 3 illustrates the area included in the model.  Two 
version of the Albeni Falls model are included in the review.  The first version was 
developed by Portland State University (PSU) and is described in Annear and Wells 
(2006) and in Annear et al. (2007).  The second version was developed by the U.S. Army 
Corps of Engineers (COE) and is described in Schneider and Easthouse (2009).  The 
modifications made by the COE include the following:  1) the upstream and downstream 
boundary condition, 2) the model grid, 3) meteorological data, and 4) values for selected 
input parameters. 
 
The model results for these scenarios were obtained from the Idaho DEQ and from the 
Corps of Engineers.  The model runs that were compared are listed in Table 1. 

  
Table 1.  Model runs used in comparison 

Model Scenario File time stamp Developer 
Box Canyon Existing 14:12:41 on 02/12/09 Portland State 
Box Canyon Natural 16:28:52 on 06/29/07 Portland State 
Albeni Falls Existing 08:09:48 on 11/06/09 Corps of Engineers
Albeni Falls Natural 24:40:56 on 11/06/09 Corps of Engineers

 
The downstream temperatures from the COE’s Albeni Falls model were compared with 
the upstream temperatures from PSU’s Box Canyon model.  Temperatures were extracted 
from the files “FlowTemp.dat” for natural and existing conditions.  These temperatures 
are flow-averaged values.  For the COE model, the furthest downstream segment is 
Segment 230 for the natural condition model and Segment 178 for the existing condition 
model.  For the PSU model, the furthest upstream segment is Segment 2 for both the 
natural condition and existing condition models.  
 
The COE model was used to simulate conditions between 1/1/2004 and 9/25/2005.  The 
PSU model was used to simulate conditions between 1/14/2004 and 9/9/2005 for natural 
conditions and between 1/14/2004 and 11/28/2005 for existing conditions.  The 
temperature predictions for the COE and PSU model are compared in this memorandum 
using predictions for the time period 1/15/2004 through 12/31/2004. 
 
 

B. Comparison of Existing and Natural Flows 
 
Outflow from the Albeni Falls Dam for the natural and existing scenarios are shown in 
Slide 4.  Both the PSU and COE models use the same flow values from the Albeni Falls 
Dam.  The PSU model is run using 30-minute time steps while the COE model uses 60-
minute time steps.    The average flow for 2004 under natural conditions (22,540 cfs) is 
approximately 9% higher than the average flow under existing conditions (20,730 cfs).   
The reasons for this difference have not been described. 
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Slide 5 shows flows during the time period 8/1/2004 and10/1/2004. The average flow 
during this period is 15,729 cfs under existing conditions and 15,557 cfs under natural 
conditions.  This is a difference of approximately 1%. 
 
 

C. Hourly temperatures 
 
Hourly temperatures predicted for 2004 using the COE and PSU models are compared in 
Slide 6 for existing conditions and in Slide 7 for natural conditions.  Predicted 
temperatures are compared for the two models for the period 8/15/2004 to 10/1/2004 in 
Slide 8 (existing conditions) and Slide 9 (natural conditions).  The COE model predicts 
cooler temperatures as compared to the PSU model under both existing and natural 
conditions.  Table 2 summarizes the temperature differences between the two models for 
natural conditions.  . 
 

Table 2.  Average temperatures for the period 8/15/2004 to 10/1/2004 under natural 
conditions for the COE and PSU models 

Model Natural 
COE 18.98 deg C 
PSU 19.17 deg C 

 
 
Slide 10 compares temperatures between 8/15/2004 to 10/1/2004 for existing and natural 
conditions as predicted using the PSU model.  Slide 11 provides the same comparison 
using the COE model.  Slide 11 shows that the COE model predicts that the temperature 
difference is most pronounced between 8/22 and 8/30/2004.  The average difference 
between natural and existing conditions during this period is 0.9 degrees and the 
maximum difference is 2.3 degrees.  The period with the next most pronounced 
difference occurs between 9/12 and 9/19/2004.  The average difference between natural 
and existing conditions during this period is 0.5 degrees and the maximum difference is 
1.4 degrees. 
 
Daily median temperatures between 8/15/2004 to 10/1/2004 for existing and natural 
conditions as predicted using the COE model are shown in Slide 12.  The differences 
between daily medians for the existing and natural conditions are also shown in Slide 12.  
The results show that median temperatures differ by as much as 1.9 degrees.  The 
predicted median temperatures under existing conditions are higher than the predicted 
median temperatures under natural conditions for approximately 60% of the days during 
this period (28 days out of 46 days).  
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Sincerely, 
 

 
 
Joel Massmann, Ph.D., P.E.       
Keta Waters LLC 
 
 
 
 
 
 
 
 
 
 
 
 

December 28, 2010December 28, 2010
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Three CE-QUAL-W2 Models are used to simulate impacts of dams on river temperatures

Albeni Falls 
Model
Box Canyon 
M d lModel
Boundary Dam 
Model

Keta WatersNovember 26, 2010, Pend Oreille Model Review SLIDE 2



The Albeni Falls Dam model was originally developed by Portland State 
and was then revised by the Corps of Engineers   Predictions for flow and and was then revised by the Corps of Engineers.  Predictions for flow and 

temperatures from Albeni Falls Dam considered in this evaluation.
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