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Executive Summary 

 

On October 1, 1999, the National Park Service (NPS) submitted claims in the Klamath Basin 

General Stream Adjudication for water rights within Crater Lake National Park (CRLA), 

including Claim Number 602 for Annie Creek. Annie Spring, located at the head of Annie Creek 

in CRLA, provides almost all of the water for operations at CRLA. On March 26, 2002, the State 

of Oregon issued a Proposed Order recommending approval of Claim Number 602, a federal 

reserved water right, with a priority date of May 22, 1902. 

 

A priority date of May 22, 1902, leaves CRLA 27
th

 on the priority list for Annie Creek water 

rights and subject to a call when there is not enough water flowing in Annie Creek to satisfy the 

rights of the 26 senior water right owners. Based on historic Annie Creek streamflow records, the 

risk of a call is estimated to be three in five years. If a call was placed on CRLA, it could require 

a partial or complete closure of the park. 

 

Since 2002 CRLA has implemented two programs and explored other options in an effort to 

acquire additional water to augment its pending 1902 water right on Annie Creek. To date, the 

two implemented programs have been unsuccessful, and of the explored options only the futile 

call argument was determined to warrant further action. The futile call doctrine provides that a 

senior appropriator may prevent a junior appropriator from diverting water only when doing so 

will be of some benefit to the senior. The NPS position is that the park’s Annie Creek water right 

of 0.34 cubic feet per second (cfs) is such a small percentage of the water flowing in Annie 

Creek at the park boundary (60 cfs at the time of this seepage investigation) that a difference in 

discharge cannot be measured in Annie Creek whether the park is diverting its full entitlement or 

not.  

 

In support of a futile call argument, a seepage investigation of Annie Creek in CRLA was 

conducted on September 17 and 18, 2008, to quantify base flow and determine if a difference in 

discharge could be measured at the park boundary when the park is diverting at full capacity 

(0.33 cfs) and not diverting at Annie Spring. 

 

The results of the seepage investigation indicate, for the period September 17 and 18, 2008, at 

the cross section Annie Creek above the Park Boundary, the measured discharge was about 60 

cfs when the Annie Spring pumps were turned off and about 61 cfs when the pumps were 

running at full capacity. The apparent increase in discharge in Annie Creek (rather than the 

expected decrease) when the Annie Spring diversion pumps were running at full capacity 

demonstrates the difficulty in measuring small changes in discharge in natural stream systems 

and gives credibility to the futile call argument. 

 

The NPS Water Resources Division (WRD) recommends presenting the results described in this 

report to the Oregon Water Resources Department (OWRD) and discussing the futile call 

argument.  
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Introduction 

Crater Lake National Park (CRLA) is located in the headwaters of the Klamath River 

Basin. Annie Spring is located at the head of Annie Creek in CRLA and is the sole source 

of water for operations at CRLA, except for Lost Spring which services a small 17-unit 

campground on Lost Creek. 

 

On October 1, 1999, the National Park Service (NPS), through the Department of Justice 

(DOJ), submitted claims in the Klamath Basin General Stream Adjudication for water 

rights within CRLA, including Claim Number 602 for Annie Creek. On March 26, 2002, 

the State of Oregon issued a Proposed Order recommending approval of Claim Number 

602, a federal reserved water right, for 0.34 cubic feet per second (cfs), 62.8 acre-feet, of 

water for domestic and administrative uses plus 1.0 cfs for fire protection, with a priority 

date of May 22, 1902. 

 

A priority date of May 22, 1902, leaves CRLA 27
th

 on the priority list (a junior) for 

Annie Creek water rights and subject to a call when there is not enough water flowing in 

Annie Creek to satisfy the rights of the 26 senior water right owners (OWRD 2009a). In a 

call, a senior petitions the Oregon Water Resources Department (OWRD) to require a 

junior cease diverting water, or replace water lost to senior users, until the rights of the 

seniors are satisfied. Based on historic Annie Creek streamflow records the risk of a call 

is estimated to be three in five years. If a call was placed on CRLA, it could require a 

partial or complete closure of the park. 

 

Since 2002 CRLA has implemented two programs in an effort to acquire additional water 

to augment its pending 1902 water right on Annie Creek: 

 2003/2004—negotiated with Jacox Ranches for the purchase of senior 1883 

water rights (WestWater Research 2004), and 

 August, 2006—drilled a test hole to 400 feet in the South Yard that did not  

encounter a sufficient quantity of water to warrant development. 

 

In addition, the park and the NPS Water Resources Division (WRD) have explored other 

options including 

 haul water from an outside source, 

 construct a water well on U.S. Forest Service land, 

 construct additional water storage in the park (currently 535,000 gallons), 

 develop springs in the Rogue River Basin and convey the water via buried 

pipeline to the Annie Spring diversion, 

 construct a water well in the Administration Yard, 

 divert water from Crater Lake, and 

 present a futile call argument to the OWRD. 
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For economic, regulatory, or physical reasons only the futile call argument was 

determined to warrant further action. In support of a futile call argument, a seepage 

investigation of Annie Creek in CRLA was conducted by staff from CRLA, the OWRD, 

and the NPS WRD on September 17 and 18, 2008, to determine base discharge and to 

determine if a difference in discharge could be measured at the park boundary, using 

industry standard equipment, when the park is not diverting and when the park is 

diverting at full capacity, 0.33 cfs, at Annie Spring. 

 

The results of the seepage investigation indicate, for the period September 17 and 18, 

2008, at the cross section Annie Creek above the Park Boundary, the measured discharge 

was about 60 cfs when the Annie Spring pumps were turned off and about 61 cfs when 

the pumps were running at full capacity (table 1 and figure 1). This report is a summary 

of the September 17 and 18, 2008, seepage investigation. In addition to the value of the 

discharge data presented, the report includes a history of events leading up to the seepage 

investigation, a summary of pre-1902 Annie Creek water rights, and recommendations 

for further action. The report may also serve as a field guide for future seepage 

investigations on Annie Creek, within CRLA. 

 
Table 1. Summary of discharge measurements for September 17 and 18, 2008, Annie Creek 
Seepage Investigation, Crater Lake National Park, Oregon 

Cross section Measurement by Equipment used 

Discharge (cfs) 
Sept. 17, 2008 
(with 0.00 cfs  

diversion at 
Annie Spring) 

Discharge (cfs) 
Sept. 18, 2008 
(with 0.33 cfs 

diversion at 
Annie Spring) 

     Annie Spring Weir Randy Smith,                     
Crater Lake NP 

Staff gauge and             
rating table 

1.7 – 2.4 1.4 – 2.0 

Annie Creek below 
Middle Fork 

Jim Harte,                   
NPS WRD 

Pygmy meter 30 29 

Annie Creek below 
East Fork 

Jonathan La Marche, 
OWRD 

SonTek 
FlowTracker™ 

47 48 

Annie Creek above 
Park Boundary 

Vern Church,              
OWRD 

Pygmy meter 60 61 



 

3 

 

 
Figure 1. Summary of discharge measurements for September 17 and 18, 2008, Annie Creek 
Seepage Investigation, Crater Lake National Park, Oregon 
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The Futile Call Argument 

The futile call doctrine provides that a senior appropriator may prevent a junior 

appropriator from diverting water only when doing so will be of some benefit to the 

senior. For example, if water is allowed to flow past the junior's point of diversion, but 

the stream is dry at the senior's point of diversion, shutting off (calling) the junior will not 

cause the water to reach the senior. Thus, the senior's endeavor of calling the 

junior is futile (Michael Fort v. State of Washington, Department of Ecology 2006). 

 

The State of Oregon Administrative Rules 690-250-0020 (OWRD 2009b) state, in-part, 

(1) ―A call for distribution of surface water is futile when a junior appropriator has 

been denied the use of water and, in the judgment of the watermaster, an 

inadequate amount of water, or no water, reaches the senior appropriator or 

minimum flow point or reach or instream water right‖; and 

(2) ―Upon the judgment that water will not reach its destination, or that an inadequate 

amount of water will reach its destination, the watermaster may disregard the call 

of the senior downstream appropriator.‖ 

 

In the case of CRLA’s Annie Creek water right, the maximum diversion rate of 0.33 cfs 

at Annie Spring is such a small percentage of the total flow in Annie Creek above the 

park boundary (measured to be about 60 cfs on September 17, 2008, and 61 cfs on 

September 18, 2008) that a difference in discharge when the park diverts and when the 

park does not divert cannot be measured at the park boundary. Since there would be no 

apparent benefit to the senior in preventing the park from diverting up to its full 

entitlement the senior's ―call‖ on the park would be futile. 

 

Previous Investigations 

Discharge measured at Annie Spring was 1,220 gpm (2.7 cfs) on September 20, 1908, 

(Hampton 1967) and 1.48 cfs in September 1968 (Frank and Harris 1969). 

 

The U. S. Geological Survey (USGS) maintains a historical record of discharge for 

USGS Station 11503000, Annie Spring Near Crater Lake, OR, for the period June 1977 

through September 2004 (USGS 2009). The gauge, located on Annie Creek about one-

tenth-mile downstream of Annie Spring below the highway bridge, was decommissioned 

by J. G. House on December 14, 2004, due to lack of funding. 

 

The NPS WRD and staff from CRLA measured stage and discharge intermittently on 

Annie Creek at a cross section ―just upstream of the park boundary‖ between July 1989 

and November 1993 (Albright 1994). The U.S. Forest Service, with private consultant 

Graham Matthews and Associates, operated a continuous surface water gauge on Annie 

Creek at the same location, measuring stage and computing discharge for Water Years 

1993 through 2006 (U.S. Forest Service 2008 and Pryor 2008).  
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On June 27, 2001, the NPS WRD and U.S. Forest Service, Winema National Forest, 

measured discharge on Annie Creek downstream of the confluence with the Middle Fork 

(26 cfs) and downstream of the confluence with the East Fork (46 cfs) (NPS 2001). 

 

Pre-1902 Annie Creek Water Rights 

The State of Oregon has issued a Proposed Order recommending approval of Claim 

Number 602 for CRLA with a priority date of May 22, 1902. The OWRD water rights 

database includes 26 Annie Creek water right certificates with Points of Diversion (POD) 

downstream of CRLA and Priority Dates earlier than May 22, 1902. The pre-1902 

OWRD Annie Creek water rights information is displayed in figure 2. The 26 certificates 

are grouped by POD location, and the Priority Dates and associated diversion rates (cfs) 

are displayed for each group (Groups 1 through 10). Detailed tabular water rights data for 

each group are displayed in Appendix A. 

 
Inspection of each group and POD (figure 2) shows the park is not vulnerable to a call for 

regulation of its Annie Creek water right from all ten groups. Groups 1, 2, 3, 6, 7, 8, and 

9 could make a call on the park. Groups 4 and 5 could not make a call on the park as their 

PODs are on Sun Creek, upstream of its confluence with Annie Creek. Group 10 will 

likely never make a call on the park as the POD is on the Wood River, downstream of its 

confluence with Annie Creek, and the greater percentage of the discharge in the Wood 

River originates from springs near the head of the Wood River (Gorman and La Marche 

2010).   

 

Water right rates on Annie Creek are reduced by half after July 20 each year. For 

example, a water right with an associated diversion rate of 3.0 cfs prior to July 20 would 

be reduced to 1.5 cfs after July 20, through the remainder of the year (figure 3). The 95% 

exceedance discharge for Annie Creek measured at the U.S. Forest Service Gauge Station 

61420301, for the period of record October 1, 1992, through September 30, 1999, is 

superimposed on the cumulative water right rates shown in figure 3. The 95% exceedance 

discharge is defined as the discharge in Annie Creek that is equaled or exceeded 95% of 

the time. In theory, since the 95% exceedance discharge is greater than the cumulative 

water right rate after July 20, the probability of the park’s water right being called out 

after July 20 is decreased significantly. Therefore, the greatest potential for a call is from 

the time the park opens in May or June until July 20 each year. On this basis, it is during 

this period, especially the July 4 holiday, the park needs to consider strategies for 

conserving and/or augmenting its water supply (Gorman and La Marche 2010). 

 

A comparison of the total water right diversion rates listed in figures 2 and 3 reveals a 

difference between water right totals listed in the OWRD database and totals listed with 

the local watermaster’s office. Reconciling the differences is beyond the scope of this 

report. In the event the differences become an issue for CRLA, they will need to be 

reconciled at that time. 
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Figure 2. Summary of OWRD water rights information for Annie Creek, Oregon. Water rights are 
grouped by Point of Diversion with Priority Dates and associated diversion rates (cfs). The CRLA 
boundary is shown as a dashed line in the upper left corner of the map. 
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Figure 3. Pre-1902 Annie Creek water rights (cfs) showing (1) the rate per Priority Date, (2) the 
cumulative rate for all Priority Dates, (3) the rate reduced by half after July 20 each year, and (4) 
the Annie Creek flow equalled or exceeded 95% of the time, computed at U.S. Forest Service 
Gauge Station 61420301, for the period of record October 1, 1992, through September 30, 1999 
(modified from Gorman 2010). 
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Study Area Description 

Crater Lake National Park is located in the headwaters of the Klamath River Basin. 

Annie Spring is located at the head of Annie Creek, on the south-facing slope of Mount 

Mazama, at an elevation of about 6,000 feet amsl. From Annie Spring, Annie Creek 

flows southeast for approximately 11.5 miles through a steep-walled canyon cut through 

Mount Mazama ash flow deposits, to the south park boundary, at an elevation of about 

4,360 feet amsl. Annie Creek joins the Wood River near Fort Klamath, Oregon. 

 

Average annual precipitation at CRLA from 1919 through 2007 was 65.16 inches. 

December and January have the highest average monthly precipitation and July and 

August have the lowest average monthly precipitation. The Annie Creek flow system is a 

snowmelt-dominated system that receives over 500 inches of average annual snowfall 

(Western Regional Climate Center 2008). 

 

Large quantities of snowmelt-fed groundwater discharge from the porous soils directly 

into Annie Creek and its tributaries. Peak discharge at Annie Spring, 1977 through 2004, 

occurred during June and July, and the least discharge occurred during February and 

March (USGS 2009). Peak discharge at the park boundary, 1996 through 2006, occurred 

during May and June, and the least discharge occurred during March, September, 

October, and November (U.S. Forest Service 2008). 

 
Cross Section Descriptions 
Cross section photographs for Annie Spring Weir, Annie Creek below the East Fork, and 

Annie Creek above the Park Boundary are located in Appendix B. No photographs were 

taken for Annie Creek below the Middle Fork. 

 
Annie Spring Weir, USGS Gauging Station 11503000, Annie Spring Near Crater 
Lake, OR 

Location: latitude 42° 52’ 18‖ N, longitude 122° 10’ 04‖ W, under the Rim Drive bridge 

approximately one-tenth-mile downstream of Annie Spring. 

 

Datum elevation: 5,982.65 feet mean NGVD 1929. 

 

The Annie Spring Weir is a 90° V-notch weir consisting of a steel plate with a ―V-notch‖ 

cut out of the plate. The bottom elevation of the V-notch is relative to an elevation of 2.0 

feet on the staff plate (outside gauge) mounted on the one-foot diameter corrugated metal 

pipe stilling well located upstream of the weir plate on the left bank. The steel weir plate 

is mounted in the stream channel perpendicular to the banks and acts as a control. 

 

The USGS maintained the gauge until it was decommissioned on December 14, 2004. 

Stage and discharge data are available from the USGS for the period October 1977 

through September 2004 (USGS 2009). The last documented stage/discharge rating for 

the gauge is USGS Rating ID 12.1. The USGS rates the accuracy of the records from this 

station as FAIR to POOR. 

 



 

10 

 

On September 16, 17, and 18, 2008, flow estimated to be less than 0.1 cfs was seeping 

around the weir plate where the weir plate meets the left bank. On a previous visit (June 

2001) flow estimated to be greater than 0.5 cfs was bypassing the weir plate at the same 

location near the left bank. Discharge given in USGS Rating ID 12.1 is greater for a 

given head than the discharge given in the standard 90° V-notch weir discharge table. 

USGS Rating ID 12.1 likely adjusts for flaws in gauge construction (see photos in 

Appendix B) and flow bypassing the weir plate, and may be influenced by the quality of 

the discharge measurements used to compute the rating. Due to the shallow depth and 

channel configuration it is difficult to make good discharge measurements upstream of 

the weir. 

 
Annie Creek below the Middle Fork 

Location: latitude 42° 50’ 22‖ N, longitude 122° 07’ 44‖ W 

 

The cross section is located approximately 950 feet downstream of the confluence of 

Annie Creek and the Middle Fork and is accessed by parking in the south end of the 

Lodgepole Picnic Area loop and walking due east to a ridge with a steep drop-off to the 

east and following the descending ridgeline southeast to Annie Creek. The channel 

bottom is uniform to moderately rough gravel/cobble, and the banks are grasses with 

dense root systems. Discharge measurements made on September 17 and 18, 2008, are 

rated GOOD and FAIR respectively. 
 

Annie Creek below the East Fork 

Location: latitude 42° 49’ 46‖ N, longitude 122° 07’ 15‖ W 

 

The cross section is located approximately 200 feet downstream of the confluence of 

Annie Creek and the East Fork and is accessed by parking at the north end of a pullover 

on the east side of State Highway 62, about one mile south of the Lodgepole Picnic Area 

loop, and walking due east down a steep hillside directly above the confluence. The 

channel bottom is uniform, moderately rough, gravel/small cobbles, and the banks are 

sandy with grasses/forbs. There is considerable downfall across Annie Creek upstream of 

the cross section, but flow at the cross section was generally unaffected. Discharge 

measurements made on September 17 and 18, 2008, are rated GOOD.  

 
Annie Creek above the Park Boundary 

Location: latitude 42° 46’ 11‖ N, longitude 122° 03’ 32‖ W 

 

The cross section is located at the site of a decommissioned stage gauge operated by the 

U.S. Forest Service with a private consultant from 1993 through 2006. The cross section 

is accessed by parking at a small unmarked pull-off just north of the south park boundary 

sign on the east side of State Highway 62 and walking due east to Annie Creek. The cross 

section location is marked by the abandoned shelter and plumbing from the 

decommissioned gauge located on the left bank. The channel bottom is gravel, and the 

banks are grasses/forbs. Discharge measurements made on September 17 and 18, 2008, 

are rated GOOD.  
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Methods 

U. S. Geological Survey discharge measurement protocol was used during the seepage 

investigation. The primary reference used was Techniques for Water Resources 

Investigations of the United States Geological Survey, Book 3, Chapter A8, ―Discharge 

Measurements at Gaging Stations,‖ by Thomas J. Buchanan and William P. Somers, 

1976. Standard NPS Discharge Measurement Notes forms were used to record all data. 

 

There were four participants in the seepage investigation. On September 17 and 18, 2008, 

at 10:00 am PST, the participants made simultaneous discharge measurements at four 

cross sections along an 11.5-mile reach of Annie Creek in CRLA. From upstream to 

downstream the cross sections are (1) Annie Spring Weir, (2) Annie Creek below the 

Middle Fork, (3) Annie Creek below the East Fork, and (4) Annie Creek above the Park 

Boundary (table 1). Diversion pumps at Annie Spring were shut off on September 12 and 

13, 2008, prior to making the September 17, 2008, discharge measurements. On 

September 17, 2008, at 12:00 pm PST, the Annie Spring diversion pumps were turned on 

to their maximum pumping rate of 150 gallons per minute (gpm), approximately 0.33 cfs, 

and discharge measurements were made 22 hours later at 10:00 am on September 18, 

2008. The average flow velocity measured at all cross sections, except the Annie Spring 

Weir, on September 17 and 18, 2008, was about 2.3 feet per second. In theory, at a flow 

velocity of 2.3 feet per second, it would take a particle of water about 7.3 hours to travel 

the 11.5-mile length of the measured reach from Annie Spring Weir to the park boundary. 

It was expected that 22 hours would be sufficient time for discharge in the 11.5-mile 

measured reach of Annie Creek to stabilize following the increase in diversion rate from 

0.00 to 0.33 cfs at Annie Spring. 
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Discharge measurements were made at the Annie Spring Weir by noting the water surface 

elevation on the staff gauge (outside gauge) mounted on the outside of the stilling well in 

the pool upstream of the weir. The bottom elevation of the V-notch in the weir plate is 

relative to an elevation of 2.0 feet on the outside gauge; therefore, the ―head‖ is computed 

as the outside gauge reading minus 2.0 feet. For example, for the September 17, 2008, 

outside gauge reading of 2.85 feet, the head was computed as 2.85–2.0 feet = 0.85 feet. 

Referring to a standard 90° V-notch weir discharge table (BOR 1997), a head of 0.85 feet 

equates to a discharge of about 1.7 cfs. The USGS computed discharge ratings 

specifically for the Annie Spring Weir by measuring discharge upstream of the weir and 

noting the water surface elevation (stage) at the outside gauge for each discharge 

measurement. With enough discharge measurements made at a range of stages, a 

stage/discharge relationship can be computed for the weir. The last rating used by the 

USGS at the Annie Spring Weir was Rating ID 12.1. That rating equates a head of 0.85 

feet to a discharge of about 2.4 cfs. The discharge from the USGS Rating ID 12.1 may be 

higher than the discharge from the standard 90° V-notch weir discharge table, for a given 

head, for a number of reasons, including (1) the USGS rating may account for flow 

bypassing the weir, and (2) the weir installation itself may not be to specification (the 

weir plate bows downstream, the V-notch edges are rough, and the upstream face of the 

weir plate is not smooth). Since USGS Rating ID 12.1 was last used in 2004, the true 

discharge may lie somewhere between that given in the standard 90° V-notch weir 

discharge table and USGS Rating ID 12.1.  

 

Discharge measurements were made at Annie Creek below the Middle Fork and Annie 

Creek above the Park Boundary using pygmy current meters with digital counters that 

compute velocity and discharge and top-setting wading rods. A spin test was required for 

each pygmy meter before and after each discharge measurement with a minimum 

criterion of 45 seconds. A temporary staff gauge was installed at the Annie Creek below 

the Middle Fork cross section, and the permanently installed staff gauge at the 

decommissioned U.S. Forest Service gauge was used at the Annie Creek above the Park 

Boundary cross section. The gauge height was noted before and after each discharge 

measurement, and water and air temperatures were noted before each discharge 

measurement. Start and end times (24 hrs) were recorded for each discharge 

measurement. Channel bottom and flow conditions were noted for each cross section. 

Discharge was computed in the field using the velocity-area method and recomputed in 

the office using the HMST v2.6 One-Point Velocity Discharge Measurement Checker 

software package (Loving 2002). Qualitative ratings (EXCELLENT, GOOD, FAIR, 

POOR) were assigned to each discharge measurement by the person making the 

measurement.
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Discharge measurements were made at Annie Creek below the East Fork using a SonTek 

FlowTracker™ with datalogger. The FlowTracker™ performs quality control diagnostics 

and produces a Quality Control Report for each measurement (Appendix B). A temporary 

staff gauge was installed at the cross section, and the gauge height was noted before and 

after each discharge measurement. Air and water temperatures and channel bottom and 

flow conditions were noted before each discharge measurement. Start and end times (24 

hrs) were recorded for each discharge measurement. Discharge was computed in the field 

using the SonTek FlowTracker™ software and recomputed in the office using the HMST 

v2.6 One-Point Velocity Discharge Measurement Checker software package (Loving 

2002). A qualitative rating (EXCELLENT, GOOD, FAIR, POOR) was assigned to each 

discharge measurement by the person making the measurement. 

 

Uncertainties in Discharge Measurements 
All discharge measurements are subject to uncertainty. The measurement uncertainty can 

be thought of as a quantitative measure of the dispersion of the measured discharge about 

the ―true‖ discharge (Turnipseed and Sauer 2010). The total uncertainty may arise from 

several sources, including 

 

 measurement of the cross-sectional area, 

 measurement of the water-velocity profile, 

 deviation from assumptions used in computational procedures, and 

 random or systematic errors. 

 

Many studies have been made to define uncertainties in measuring the various 

components of a discharge measurement, and then to combine these uncertainties into an 

overall estimate of the discharge error (Sauer and Meyer 1992). These studies have been 

used to confirm a quasi-quantitative method used to evaluate the accuracy of each 

discharge measurement. This method is based on a qualitative evaluation of factors such 

as cross-section uniformity, velocity uniformity, stream bed conditions, and other factors 

that might, in the opinion of the streamgauger, affect the accuracy of the measurement. 

The streamgauger then assigns one of the following accuracy ratings to the 

measurement: 

 

 EXCELLENT (within 2% of the ―true‖ discharge) 

 GOOD (within 5%) 

 FAIR (within 8%) 

 POOR (greater than 8%) 

 

Quantitative error studies have shown this to be a reasonable rating system. 
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As a general rule, the accuracy of most discharge measurements will be about 5%, or 

qualitatively a GOOD measurement (Turnipseed and Sauer 2010). A discharge 

measurement rated as GOOD could be as much as 5% higher or lower than the ―true‖ 

discharge. For example, on September 17, 2008, the discharge at cross section Annie 

Creek above the Park Boundary was measured to be 60 cfs, and the measurement was 

given a qualitative rating of GOOD. Under this rating system the true discharge could 

range from 57 cfs to 63 cfs. On September 18, 2008, the discharge at cross section Annie 

Creek above the Park Boundary was measured to be 61 cfs, and the measurement was 

given a qualitative rating of GOOD. Under the rating system the true discharge could 

range from 58 cfs to 64 cfs. This example illustrates the difficulty in detecting small 

differences in discharge, with a reasonable degree of accuracy, using industry-standard 

equipment in natural stream channels, even if the streamgauger has made a GOOD 

discharge measurement. 

 

Procedures for quantifying discharge measurement errors may be found in Dickinson 

1967, Pelletier 1988, and Sauer and Meyer 1992. 
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Results and Discussion 

On September 17, 2008, discharge was measured at the Annie Spring Weir, Annie Creek 

below the Middle Fork, Annie Creek below the East Fork, and Annie Creek above the 

Park Boundary while the pumps at the Annie Spring diversion were off. On September 

18, 2008, discharge was measured at the same locations while the pumps at the Annie 

Spring diversion were running at full capacity (150 gpm, 0.33 cfs). Discharge 

measurements were made simultaneously at 10:00 am PST on both days. Summary 

results are listed in table 1 and displayed on figure 1. NPS Discharge Measurement Notes 

forms, SonTek Discharge Measurement Summaries, and HMST v2.6 One-Point Velocity 

Discharge Measurement Checker printouts for each cross section are located in Appendix 

B. 

 

On September 17, 2008, discharge between Annie Spring Weir and Annie Creek above 

the Park Boundary increased from about 2.4 cfs at the Annie Spring Weir, to about 30 cfs 

at Annie Creek below the Middle Fork, to about 47 cfs at Annie Creek below the East 

Fork, to about 60 cfs at Annie Creek above the Park Boundary, an increase of about 58 

cfs over the 11.5-mile reach. No known surface water diversions, or non-natural surface 

water inputs, occurred along the measured reach prior to, or during, the September 17, 

2008, discharge measurements. 

 

On September 18, 2008, discharge between Annie Spring Weir and Annie Creek above 

the Park Boundary increased from about 2.0 cfs at the Annie Spring Weir, to about 29 cfs 

at Annie Creek below the Middle Fork, to about 48 cfs at Annie Creek below the East 

Fork, to about 61 cfs at Annie Creek above the Park Boundary, an increase of about 59 

cfs over the 11.5-mile reach. The 0.33 cfs diversion at Annie Spring was the only known 

surface water diversion occurring along the measured reach during the September 18, 

2008, discharge measurements. There were no known non-natural surface water inputs 

into Annie Creek prior to, or during, the September 18, 2008, discharge measurements.  
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The difference in discharge measured at the Annie Spring Weir under no-diversion and 

full-diversion conditions was about –0.3 to –0.4 cfs. The difference in discharge 

measured at Annie Creek above the Park Boundary under no-diversion and full-diversion 

conditions was about +1.0 cfs. In theory, a decrease in discharge would have been 

expected at Annie Creek above the Park Boundary on September 18, 2008. 

 

Precipitation is measured daily at a gauge located in the CRLA Administration Area. The 

precipitation total for August 2008 was 1.92 inches with 1.42 inches recorded between 

August 18 and 21 and 0.02 inches recorded after August 21, 2008. No precipitation was 

recorded between September 1 and 21, 2008 (NPS 2008). Average Total Precipitation for 

August and September, for the period of record 10/01/1919 to 12/31/2007 at CRLA, is 

0.94 inches and 2.11 inches respectively (Western Regional Climate Center 2008). 

Although the four-day rainfall total for August 18 through 21 was 150% of the average 

total monthly precipitation, the climate record suggests the discharge measured on Annie 

Creek on September 17 and 18, 2008, was not influenced by recent precipitation. 

 

No problems were reported while making the discharge measurements on either 

September 17 or 18, 2008.  
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Conclusions 

At the Annie Creek above the Park Boundary cross section, greater discharge was 

measured on September 18, 2008, with the Annie Spring diversion pumps running at full 

capacity (0.33 cfs), than was measured on September 17, 2008, with the Annie Spring 

diversion pumps turned off. 

 

The percent difference between discharge measured on September 17 and 18, 2008, at 

Annie Creek above the Park Boundary was +1.7%, an apparent increase in discharge. The 

fact that the measured discharge increased (rather than decreased), while the Annie 

Spring diversion pumps were running at full capacity, demonstrates the difficulty in 

detecting (and measuring) small changes in discharge (0.33 cfs) over long distances (11.5 

miles) in natural stream systems. The similar increase in discharge measured at Annie 

Creek below the East Fork on September 18, 2008, gives us confidence in the 

measurement made at Annie Creek above the Park Boundary. No precipitation was 

recorded at the park immediately preceding or during the seepage investigation; 

therefore, the apparent increase in discharge on September 18, 2008, may have been due 

to some other natural process or was a product of the inherent difficulties with accuracy 

and precision associated with making discharge measurements by hand. The percent 

difference of +1.7% would fall well within the standard error for the GOOD USGS 

qualitative rating for a discharge measurement. 

 

The results of this single seepage investigation, performed with a discharge of about 60 

cfs in Annie Creek above the Park Boundary, suggest the validity of a futile call 

argument. If the discharge in Annie Creek above the Park Boundary was much less, like 

the 36 cfs recorded at Annie Creek above the Park Boundary on September 23 and 24, 

2001 (U.S. Forest Service 2008), the percentage of the total flow represented by the 

park’s full diversion capacity of 0.33 cfs would be higher, but still less than 1% of the 

total flow and difficult to measure. 

 

At the time of the seepage investigation, the OWRD was reluctant to hear the park’s 

argument for a futile call. In the view of the OWRD, the fact that senior water right 

owners know the park is diverting water at Annie Spring, even though a resulting 

decrease in discharge could not be measured at the park boundary, is enough evidence for 

the watermaster to place a call on the park during periods when there is not enough water 

in Annie Creek to satisfy the rights of the senior water right owners. In fact, the principal 

of conservation of mass would dictate that a decline in flow exists, regardless of whether 

it can be measured. Still, it would be worthwhile to present the results of this seepage 

investigation to the OWRD and revisit the futile call argument. 
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Recommendations 

1. Pursue the futile call argument with the OWRD, referencing the results of this 

seepage investigation. If CRLA chooses to pursue the futile call argument, additional 

seepage investigations should be performed.  

2. Purchase/lease 1883/1886 Priority Date water rights sufficient to augment the park’s 

water supply during a call. 

3. Purchase land with 1883/1886 Priority Date water rights sufficient to augment the 

park’s water supply during a call. 
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Appendix A 

 
Oregon Water Resources Department Water Rights Information for pre-1902 Annie 

Creek Water Rights for Groups 1 through 10 (figure 2).
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Table A.1. Oregon Water Resources Department water rights information for Group 1, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1089 OR * IR http://apps2.wrd.state COPELAND 12/31/1883            3 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53435 
Cert: 1089 OR * IR http://apps2.wrd.state COPELAND 12/31/1883          1.5 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53435 
Cert: 1089 OR * LV http://apps2.wrd.state COPELAND 12/31/1883            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53435 
Cert: 1089 OR * DO http://apps2.wrd.state COPELAND 12/31/1883            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53435 
Cert: 1089 OR * DO http://apps2.wrd.state COPELAND 12/31/1883        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53435 
Cert: 1089 OR * LV http://apps2.wrd.state COPELAND 12/31/1883          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53435 
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Table A.1. (continued) 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1092 OR * IR http://apps2.wrd.state DENTON 12/31/1883            1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53438 
Cert: 1092 OR * IR http://apps2.wrd.state DENTON 12/31/1883          0.5 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53438 
Cert: 1092 OR * LV http://apps2.wrd.state DENTON 12/31/1883            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53438 
Cert: 1092 OR * DO http://apps2.wrd.state DENTON 12/31/1883            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53438 
Cert: 1092 OR * DO http://apps2.wrd.state DENTON 12/31/1883        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53438 
Cert: 1092 OR * LV http://apps2.wrd.state DENTON 12/31/1883          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53438 
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Table A.1. (continued). 
 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1105 OR * IR http://apps2.wrd.state NICHOLSON 12/31/1883            3 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53451 
 Cert: 1105 OR * LV http://apps2.wrd.state NICHOLSON 12/31/1883            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53451 
Cert: 1105 OR * DO http://apps2.wrd.state NICHOLSON 12/31/1883            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53451 
Cert: 1105 OR * DO http://apps2.wrd.state NICHOLSON 12/31/1883        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53451 
Cert: 1105 OR * LV http://apps2.wrd.state NICHOLSON 12/31/1883          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53451 
Cert: 1105 OR * IR http://apps2.wrd.state NICHOLSON 12/31/1883            6 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53451 
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Table A.1. (continued) 
 
Certificate Information Source Name Priority Date Rate (cfs) 

 

Cert: 1107 OR * IR http://apps2.wrd.state PELTON 12/31/1891         3.25 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * DO http://apps2.wrd.state PELTON 12/31/1891        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * LV http://apps2.wrd.state PELTON 12/31/1891          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * IR http://apps2.wrd.state PELTON 12/31/1891          6.5 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * LV http://apps2.wrd.state PELTON 12/31/1891            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * DO http://apps2.wrd.state PELTON 12/31/1891            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
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Table A.1. (continued) 
 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1113 OR * IR http://apps2.wrd.state WEED 12/31/1891         2.38 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53459 
Cert: 1113 OR * IR http://apps2.wrd.state WEED 12/31/1891         1.19 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53459 
Cert: 1113 OR * LV http://apps2.wrd.state WEED 12/31/1891            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53459 
Cert: 1113 OR * DO http://apps2.wrd.state WEED 12/31/1891            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53459 
Cert: 1113 OR * DO http://apps2.wrd.state WEED 12/31/1891        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53459 
Cert: 1113 OR * LV http://apps2.wrd.state WEED 12/31/1891          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53459 
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Table A.1. (continued) 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 10915 OR * IR http://apps2.wrd.state 12/31/1891        2.375 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63304 
Cert: 10915 OR * IR http://apps2.wrd.state 12/31/1891          3.8 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63304 
Cert: 10917 OR * IR http://apps2.wrd.state MILLER 11/30/1883       2.4153 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63306 
Cert: 10917 OR * LV http://apps2.wrd.state MILLER 11/30/1883          0.1 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63306 
 Cert: 10917 OR * LV http://apps2.wrd.state MILLER 11/30/1883            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63306 
 Cert: 10917 OR * IR http://apps2.wrd.state MILLER 11/30/1883       4.8306 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63306 
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Table A.2. Oregon Water Resources Department water rights information for Group 2, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 76151 RR * I* http://apps2.wrd.state DENTON 12/31/1891        0.895 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=128501 
Cert: 76310 CF * I* http://apps2.wrd.state 12/31/1891        3.172 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=128627 
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Table A.3. Oregon Water Resources Department water rights information for Group 3, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
 Cert: 1107 OR * IR http://apps2.wrd.state PELTON 4/30/1898         1.97 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * LV http://apps2.wrd.state PELTON 4/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * DO http://apps2.wrd.state PELTON 4/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * DO http://apps2.wrd.state PELTON 4/30/1898        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * LV http://apps2.wrd.state PELTON 4/30/1898          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
 Cert: 1107 OR * IR http://apps2.wrd.state PELTON 4/30/1898         3.94 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53453 
Cert: 68357 RR * IR http://apps2.wrd.state GORDEN 12/31/1892         1.42 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=120691 
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Table A.4. Oregon Water Resources Department water rights information for Group 4, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 10903 OR * IR http://apps2.wrd.state HESSIG 12/31/1895        1.197 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63292 
Cert: 10903 OR * LV http://apps2.wrd.state HESSIG 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63292 
Cert: 10903 OR * DO http://apps2.wrd.state HESSIG 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63292 
Cert: 10903 OR * DO http://apps2.wrd.state HESSIG 12/31/1895        0.005 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63292 
Cert: 10903 OR * LV http://apps2.wrd.state HESSIG 12/31/1895          0.1 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63292 
Cert: 10903 OR * IR http://apps2.wrd.state HESSIG 12/31/1895        2.394 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63292 
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Table A.5. Oregon Water Resources Department water rights information for Group 5, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 10897 OR * IR http://apps2.wrd.state CARDWELL 12/31/1895         2.15 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63286 
Cert: 10897 OR * LV http://apps2.wrd.state CARDWELL 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63286 
Cert: 10897 OR * DO http://apps2.wrd.state CARDWELL 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63286 
Cert: 10897 OR * DO http://apps2.wrd.state CARDWELL 12/31/1895        0.005 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63286 
Cert: 10897 OR * LV http://apps2.wrd.state CARDWELL 12/31/1895          0.1 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63286 
Cert: 10897 OR * IR http://apps2.wrd.state CARDWELL 12/31/1895        4.306 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63286 
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Table A.5. (continued) 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 10902 OR * LV http://apps2.wrd.state DIXON 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63291 
Cert: 10902 OR * IR http://apps2.wrd.state DIXON 12/31/1895        5.349 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63291 
Cert: 10902 OR * LV http://apps2.wrd.state DIXON 12/31/1895          0.1 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63291 
Cert: 10902 OR * DO http://apps2.wrd.state DIXON 12/31/1895        0.005 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63291 
Cert: 10902 OR * DO http://apps2.wrd.state DIXON 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63291 
Cert: 10902 OR * IR http://apps2.wrd.state DIXON 12/31/1895       10.698 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63291 
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Table A.5. (continued) 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 10906 OR * IR http://apps2.wrd.state LEEVER 12/31/1895        1.312 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63295 
Cert: 10906 OR * LV http://apps2.wrd.state LEEVER 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63295 
Cert: 10906 OR * DO http://apps2.wrd.state LEEVER 12/31/1895            0 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63295 
Cert: 10906 OR * DO http://apps2.wrd.state LEEVER 12/31/1895        0.005 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63295 
Cert: 10906 OR * LV http://apps2.wrd.state LEEVER 12/31/1895          0.1 
  .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63295 
Cert: 10906 OR * IR http://apps2.wrd.state LEEVER 12/31/1895        2.624 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63295 
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Table A.6. Oregon Water Resources Department water rights information for Group 6, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1087 OR * I* http://apps2.wrd.state CARDWELL 12/31/1901         0.25 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53433 
Cert: 1087 OR * I* http://apps2.wrd.state CARDWELL 12/31/1901          0.5 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53433 
Cert: 1097 OR * IR http://apps2.wrd.state HILL 11/30/1898          1.6 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53443 
Cert: 1097 OR * IR http://apps2.wrd.state HILL 11/30/1898          0.8 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53443 
Cert: 1097 OR * LV http://apps2.wrd.state HILL 11/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53443 
Cert: 1097 OR * DO http://apps2.wrd.state HILL 11/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53443 
Cert: 1097 OR * DO http://apps2.wrd.state HILL 11/30/1898        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53443 
Cert: 1097 OR * LV http://apps2.wrd.state HILL 11/30/1898          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53443 
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Table A.6. (continued) 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1099 OR * DO http://apps2.wrd.state LOOSLEY 12/31/1898        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
Cert: 1099 OR * LV http://apps2.wrd.state LOOSLEY 12/31/1898          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
Cert: 1099 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1898         0.25 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
Cert: 1099 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1898        0.125 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
Cert: 1099 OR * LV http://apps2.wrd.state LOOSLEY 12/31/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
 Cert: 1099 OR * DO http://apps2.wrd.state LOOSLEY 12/31/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
Cert: 1099 OR * LV http://apps2.wrd.state LOOSLEY 11/30/1898          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
 Cert: 1099 OR * DO http://apps2.wrd.state LOOSLEY 11/30/1898        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
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Table A.6. (continued) 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
 Cert: 1099 OR * IR http://apps2.wrd.state LOOSLEY 11/30/1898         0.83 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
 Cert: 1099 OR * IR http://apps2.wrd.state LOOSLEY 11/30/1898        0.415 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
Cert: 1099 OR * LV http://apps2.wrd.state LOOSLEY 11/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
Cert: 1099 OR * DO http://apps2.wrd.state LOOSLEY 11/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53445 
 Cert: 1103 OR * IR http://apps2.wrd.state MOSHIER 11/30/1898          0.5 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53449 
 Cert: 1103 OR * LV http://apps2.wrd.state MOSHIER 11/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53449 
 Cert: 1103 OR * DO http://apps2.wrd.state MOSHIER 11/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53449 
Cert: 1103 OR * DO http://apps2.wrd.state MOSHIER 11/30/1898        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53449 
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Table A.6. (continued) 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1103 OR * LV http://apps2.wrd.state MOSHIER 11/30/1898          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53449 
Cert: 1103 OR * IR http://apps2.wrd.state MOSHIER 11/30/1898            1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53449 
Cert: 1112 OR * I* http://apps2.wrd.state STREETER 12/31/1901         0.63 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53458 
Cert: 10905 OR * IR http://apps2.wrd.state LEEVER 12/31/1888        0.462 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63294 
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Table A.7. Oregon Water Resources Department water rights information for Group 7, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 76154 RR * I* http://apps2.wrd.state SANDERSON 12/31/1891            1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=128504 
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Table A.8. Oregon Water Resources Department water rights information for Group 8, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1104 OR * IR     http://apps2.wrd.state          NICHOLSON              4/30/1898                         1 

    .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53450 
Cert: 1104 OR * LV http://apps2.wrd.state NICHOLSON 4/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53450 
Cert: 1104 OR * DO http://apps2.wrd.state NICHOLSON 4/30/1898            0 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53450 
Cert: 1104 OR * DO http://apps2.wrd.state NICHOLSON 4/30/1898        0.005 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53450 
Cert: 1104 OR * LV http://apps2.wrd.state NICHOLSON 4/30/1898          0.1 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53450 
Cert: 1104 OR * IR http://apps2.wrd.state NICHOLSON 4/30/1898            2 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53450 
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Table A.9. Oregon Water Resources Department water rights information for Group 9, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 1100 OR * I* http://apps2.wrd.state MCDONOUGH 12/31/1892            4 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=53446 
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Table A.10. Oregon Water Resources Department water rights information for Group 10, figure 2 

 
Certificate Information Source Name Priority Date Rate (cfs) 

 
Cert: 10908 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1895         0.25 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63297 
Cert: 10908 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1895          0.4 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63297 
Cert: 10911 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1895         5.16 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63300 
Cert: 10911 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1895         8.26 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63300 
Cert: 10914 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1895        5.252 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63303 
Cert: 10914 OR * IR http://apps2.wrd.state LOOSLEY 12/31/1895         3.28 
 .or.us/apps/wr/wrinfo 
 /wr_proofing_details. 
 aspx?snp_id=63303 
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Appendix B 

Cross Section Photographs, NPS Discharge Measurement Notes Forms, SonTek 

Discharge Measurement Summaries, and HMST v2.6 Printouts 
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The Department of the Interior protects and manages the nation’s natural resources and cultural heritage; provides scientific and 

other information about those resources; and honors its special responsibilities to American Indians, Alaska Natives, and affiliated 

Island Communities. 
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