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May 15, 2001

Mr. Harry Schueller, Chief

Division of Water Rights

State Water Resources Control Board
901 P Street

Sacramento, California 95814

Dear Mr. Schueller:

Compliance with State Water Resources Control Board Order Nos. 98-05 and 98-07

Pursuant to the State Water Resources Control Board (SWRCB) Order Nos. 98-05 and 98-07
and in accordance with the terms and conditions of the Los Angeles Department of Water and
Power (LADWP) Mono Basin water right license Nos. 10191 and 10192, enclosed is a submittal
entitled “Compliance Reporting”, which contains the four reports required by SWRCB. The
reports are as follows:

e Mono Basin Operations for Runoff Year 2001-2002
e Fishery Monitoring Report-for Rush, Lee Vining, Parker, and Walker Creeks 2000

e Mono Basin Tributaries Restoration: Lee Vining, Rush, Walker and Parker Creeks -
‘Monitoring Results and Analyses for Water Year 2000

e 2000-2001 Mono Basin Waterfowl Habitat and Population Monitoring

In addition to the four reports, the binder also includes a report entitled “Compliance with State
Water Resources Control Board Order Nos. 98-05 and 98-07”. This report summarizes
LADWP’s restoration and monitoring activities performed during Runoff Year (RY) 2000 and
the restoration and monitoring activities proposed for RY 2001.

The filing of the reports and the n'estoration and monitoring performed by LADWP in the
Mono Basin fulfills LADWP’s requirements for RY 2000 as set forth in Order Nos. 98-05 and
98-07. Copies of the report have been provided to the interested parties.



Mr. Harry Schueller : -2- May 15, 2001

If you have any questions, please contact Mr. Peter Kavounas at (213) 367-1032.
Sincerely,

ORIGINAL SIGNED BY:
THOMAS M. ERB
THOMAS M. ERB
Director of Water Resources

SBM:ctc
Enclosures
¢: Mr. Peter Kavounas
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Thomas M. Erb
Richard F. Harasick
Gene L. Coufal
Clarence E. Martin
Charlotte L. Rodrigues
Brian B. Tillemans
David Martin
Deborah House
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1. INTRODUCTION

Pursuant to State Water Resources Control Board (SWRCB) Decision 1631 and Orders No.
98-05 and 98-07 (Orders), the Los Angeles Department of Water and Power (LADWP) is to
undertake certain activities in the Mono Basin to be in compliance with the terms and
conditions of its water right licenses 10191 and 10192. In particular, the Orders state that
LADWP is to undertake activities to restore and monitor the fisheries, stream channels, and
waterfow] habitat. This summary provides an overview of all of the activities LADWP and
its consultants completed during Runoff Year (RY) 2000 for compliance. The summary also
provides a list of planned work/activities for RY 2001.

Runoff Year 2000 was the second full field season after the adoption of the Orders. As such,
LADWP is continuing the implementation of its revised Stream and Stream Channel
Restoration Plan, revised Grant Lake Operation and Management Plan, and revised
Waterfowl Habitat Restoration Plan. This required, among other things, renewing
consultants contracts, scheduling field crews and other resources, coordinating with various
other agencies, and preparing work plans. LADWP completed most of the planned
work/activities for compliance. Due to circumstances outside the Department’s control,
some activities were not completed. This report details the work/activities undertaken and
some of the activities involving projects that the Department was not able to complete.
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2. WORK PERFORMED DURING RUNOFF YEAR 2000
2.1 Restoration Activities

2.1.1 Streams

In 2000, LADWP undertook and completed several measures that were outlined in the Mono
Basin Stream and Stream Channel Restoration Plan (1996). These included:

o Studied the feasibility of channel rewatering on Rush Creek;

e Coordinated and consulted with Caltrans on the culvert replacement project for Rush,
Lee Vining, Walker, and Parker creeks at Highway 395;

e Commissioned a conceptual engineering and design for sediment passage facilities on
Lee Vining Creek;

e Continued with the grazing moratorium,;
e Continued no irrigation policy during peak flows;
e Continued efforts to rehabilitate the Rush Creek Return Ditch;

e Provided base flows, stream restoration flows, and export in accordance with the
Orders;

e Removed gravel bags from Lee Vining Creek; and

e Completed construction of a Web Site to display Mono Basin hydrologic data.

Channel Rewatering (3D): LADWP staff met with Scott McBain and Darren Mierau of
McBain and Trush to discuss rewatering the abandoned east side channel in Reach 3D on
Rush Creek. Bill Trush is analyzing the pros and cons of rewatering abandoned channels in
the Rush Creek bottomland . Dr. Trush will propose recommendations on options available
for this site and other sites located on lower Rush Creek.

Culverts: LADWP staff met with Caltrans in August 2000 to discuss their construction
activities associated with the project to widen Highway 395.

Sediment Bypass Study: On June 15, 2000, LADWP amended R2 Resource Consultants Inc.
(R2) contract to include a task to analyze and design a sediment bypass systems for Lee
Vining Creek utilizing sluice gates on the weir wall. R2 has been given the task assignment
to perform the work. The results of their analysis and conceptual design will be completed in
late Fall 2001.

Grazing Moratorium: There was no grazing on LADWP’s land in the Mono Basin during
RY 2000. The grazing moratorium is still in effect and has been expanded to all lands in the
Mono Basin.
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Irrigation Practices. There was no LADWP irrigation in the Mono Basin during RY 2000.
All irrigation in the Mono Basin was suspended in RY 2000.

Rehabilitation of Rush Creek Return Ditch: During 2000, LADWP met with DFG to address
issues pertaining to fish habitat in the ditch. The discussions have been ongoing and
significant progress has been made that should enable LADWP to proceed with
construction/rehabilitation activities during late summer-early fall 2001.

Base Flows and Stream Restoration Flows: During RY 2000, Lee Vining, Walker, and
Parker creeks were maintained in “flow through” conditions and met all flow requirements.
Rush Creek exceeded its base flow requirements. Since the Rush Creek Return Ditch has not
yet been restored to its original capacity, LADWP provided peak flows to lower Rush Creek
by spilling Grant Lake reservoir. The reservoir was forced to spill to create a flow through
condition. The peak occurred on June 20™ and was 193 cfs. Exports from the basin began
on August 1% after the peak had passed and continued until March 31, 2001. The rate of
export ranged from 32 cfs to 40 cfs and the total export was approximately 15,958 acre-feet.

Removal of Bags of Spawning Gravel: LADWP staff in March opened and distributed one
layer of bags (approximately 20 bags per layer) containing spawning gravel into Lee Vining
Creek.

Web Page: Construction was completed on LADWP’s web site to display Mono Basin
hydrologic data. Work was performed by Beavins Systems and Psomas.

2.1.2 Waterfowl

In RY 2000, LADWP continued its waterfowl habitat monitoring and restoration program.
The following is a summary of activities.

e Monitored Mono Lake elevation;
e Implemented a prescribed burn program; and

e Established vegetation transects.

Mono Lake: Mono Lake elevation was monitored on a weekly basis. There was very little
change in Mono Lake’s elevation. The lake elevation during RY 2000 ranged from 6,384.8
on Aprill, 2000 to 6,383.8 msl on March 31, 2001. The average surface area during
RY 2000, based on the Pelagos Corp. 1986 bathymetric study, was approximately 72 sq.
miles or 46,000 acres. The average salinity based on Jones & Stokes 1993 Mono Basin EIR
was approximately 75 g/l. Salinity levels measured by UC Santa Barbara differed from the
average in that the salinity levels are measured at several locations and elevations and the
lake is currently meromictic.

Prescribed burn program: During RY 2000, LADWP continued development of its
prescribed burn program for the Mono Basin. LADWP coordinated with the California
Department of Forestry (CDF) and the California Department of Parks and Recreation Cstate
Parks) in putting together a CDF plan to burn the northern section of Warm Springs in early
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2001. The CDF plan was circulated to State Parks, Inyo National Forest and interested
parties for comments. Due to concerns expressed with the burn protocol, LADWP held a
meeting in February 2001 with CDF and the State Parks. During the meeting, it was learned
that CDF did not have a Memorandum of Understanding (MOU) with State Parks. Since the
burn is primarily on state lands managed by State Parks, CDF was not able to perform the
burn. LADWP anticipates working with State Parks to jointly conduct a burn in early 2002.

Vegetation transects were established at Simon Spring, Warm Spring, DeChambeau
Embayment, and the deltas of Rush and Lee Vining creeks during RY 1999. No transect data
was collected during RY 2000.

2.2. Monitoring
2.2.1 Stream Channel

Contract and Scope of Work: In September 2001, LADWP amended the contract with
Dr. Trush (McBain and Trush) to continue the stream channel monitoring program on Rush,
Lee Vining, Walker, and Parker creeks through fiscal year 2003. A new Scope of Work was
developed that complies with the requirements of SWRCB Order No 98-07.

Monitoring and Reporting: McBain and Trush during RY 2001 continued their monitoring
program developed in RY 1997 and 1998 following the White and Blue book principles.
Planmap sites were established per the White and Blue books monitoring protocol. There are
3 sites on Rush Creek, 2 sites on Lee Vining Creek, 1 site on Walker Creek and 1 site on
Parker Creeks. A report for RY 2000 was prepared by McBain and Trush detailing the
monitoring activities and requirements. The report entitled “Mono Basin Tributaries
Restoration: Lee Vining, Rush, Walker, and Parker Creeks — Monitoring Results and
Analyses for Water Year 2000” is included in Section 4 of Compliance Reporting. (Note:
The report title identifies the monitoring period as WY 2000, although it covers the April
2000 to March period 2001. Traditionally, the April to March period is called Runoff Year,
whereas Water Year refers to the October to September period.

2.2.2 Fishery

Contract and Scope of Work: In September 2000, LADWP amended the contract with Chris
Hunter to continue fish population surveys on monitor Rush, Lee Vining, Walker, and Parker
creeks. A new Scope of Work was developed that complies with the requirements of
SWRCB Order No. 98-07.

Monitoring and Reporting: Mr. Hunter continued the monitoring program developed in
RY 1997 and 1998 following the White and Blue book principles. Mr. Hunter surveyed the 3
planmap sites on Rush Creek the 2 on Lee Vining Creek and each of the planmap sites on
Walker and Parker creeks. A report entitled “Fisheries Monitoring Report for Rush, Lee
Vining, Parker and Walker creeks 2000 is included in Section 3 of Compliance Reporting.
The report details the fish population surveys and monitoring requirements.
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In addition to Mr. Hunter’s fish population surveys, LADWP and DFG agreed on and
developed a creel census for Lee Vining Creek. The purpose of the creel survey was to
estimate the fishing pressure brought on by the amended fishing regulation that allows a take
of two fish per day per person. DFG, through the oversight of Debra Hawk, funded and
performed the RY 2000 creel survey. The results of the survey were provided to Mr. Hunter.

2.2.3 Waterfow!

Oversight: During RY 2000, LADWP nominated Brian White, LADWP biologist to oversee
the waterfowl restoration and monitoring program. On March 21, 2001, the SWRCB
approved Dr. White’s appointment.

Oversight of the Monitoring Program: During RY 2000, Dr. White met with the researchers
responsible for collecting data in the Mono Basin. Dr. White also reviewed historical data
and reports.

Monitoring in the Mono Basin: During RY 2000, LADWP amended the Mono Basin
monitoring contracts with the following consultants to continue collecting data as required by
Order No. 98-05:

e UC Santa Barbara (John Melack and Robert Jellison) for monitoring limnology and
secondary producers at Mono Lake; and

e Hubbs-Sea World Institute (Joseph Jehl) for waterfowl population survey at Mono Lake.

During RY 2000, LADWP also contracted with I. K. Curtis Inc. and AirPhoto USA to
provide aerial photography services to produce GIS compatible aerial photography of the
Mono Basin with a scale of 1:2400 or 1 inch = 200 feet.

LADWP personnel collected hydrology data for the four streams and Mono Lake.

LADWP field crews removed Salt Cedar plants from the Rush Creek delta. LADWP
personnel are working with the Mono Lake Committee to have volunteers continue the
eradication of the plant. Other agencies will be encouraged to participate.

2.3. Informational Meetings

The LADWP sponsored two meetings during RY 2000 for the experts and interested persons
to present and discuss restoration and monitoring activities, hydrology and other issues
related to the Mono Basin. The first meeting was held on April 27, 2000 in Sacramento. The
second meeting was held on November 17, 2000 in Sacramento.

April Meeting: This meeting provided an opportunity for the stream monitoring experts to
present their finding of RY 1999 monitoring activities and discuss their proposed RY 2000
scope of work. In addition, the preliminary RY 2000 runoff forecast was discussed.
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Attendees in addition to LADWP personnel included the following: Experts — Dr. Trush,
Mr. Hunter, Mike Ramey, and Dudley Reiser. Interested persons — Jim Canaday (SWRCB),
Heidi Hopkins and Peter Vorster (MLC), Gary Smith (DFG), Katie Bolomo and Bonnie
Noles (People for Mono Basin Preservation (PMBP)) via conference call, and Ken Anderson
(State Parks).

November Meeting: This meeting provided an opportunity for the stream monitoring experts
and waterfowl experts to present and discuss their RY 2000 activities. The meeting also
provided an opportunity to provide an overview of the runoff recap for 2000.

Attendees in addition to LADWP personnel included the following: Experts — Dr. Trush and
Mr. Hunter. Interested persons — Jim Canaday (SWRCB), Ms. Hopkins and Mr. Vorster
(MLC), and Mr. Smith (DFG).
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3. ACTIVITIES PLANNED FOR RUNOFF YEAR 2001

3.1 Restoration
3.1.1 Streams

Channel Rewatering: In Reach 3D plans are being developed to determine the best
alternative for rewatering the abandoned east side channel. Additional channel rewatering, as
proposed in the Stream and Stream Channel Restoration Plan, may be contemplated for Rush
Creek once Dr. Trush completes his evaluation on the effects of channel rewatering on the
restoration process.

Revegetation: There are no plans this season for planting Jeffery pines on Lee Vining or
Rush Creek. If the opportunity arises to plant Jeffery pines, LADWP will coordinate with
the Mono Lake Committee.

Road Closures: There are no plans this season to close roads in the floodplain of Rush
Creek. The remaining roads will be left open until restoration activities are completed.
There is still a need to bring in heavy equipment to some of the proposed restoration sites.

Bags of Spawning Gravel: LADWP will distribute the remaining bags of gravel into Lee
Vining Creek from the bags located immediately upstream of the old diversion dam.
LADWP will also remove rebar from the site.

Coordinate with Caltrans: LADWP will continue monitoring Caltrans progress on the
installation of new culverts during the highway widening project to ensure restoration and
monitoring activities are proceeding as planned.

Return Ditch: LADWP will continue its discussions with DFG on the rehabilitation of the
Return Ditch. If an agreement can be reached in the immediate future, LADWP will make
every effort to complete the necessary work this season.

Sediment Bypass: LADWP will continue working with R2 on the development of a
conceptual design and engineering for installing sediment passage on Lee Vining Creek.

Permits and Approvals: LADWP will obtain all necessary permits and approvals from the
Water Quality Control Board, Army Corp of Engineers, and from DFG. Environmental
documents, if necessary, will be prepared to comply with the requirements of the California
Environmental Quality Act.

3.1.2 Waterfowl

Prescribed Burn Program: LADWP will work with State Parks to design an implement a
burn in early 2002. '
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Channel Rewatering: There are no plans to rewater the channels described in the waterfowl
plan until Dr. Trush completes his evaluation on the effects of rewatering distributaries on
the restoration of the stream system.

3.2 Monitoring
3.2.1 Streams

Dr. Trush will continue the monitoring program on Rush, Lee Vining, Walker, and Parker
creeks.

3.2.2 Fishery

Mr. Hunter will continue the fish population monitoring program on Rush, Lee Vining,
Walker, and Parker creeks.

LADWP is working with DFG to put together a program to perform the second year of creel
surveys on Lee Vining Creek.

3.3.3 Waterfowl
Expert: Dr. White will oversee the waterfowl-monitoring program.

Limnology: Dr. Jellison and Dr. Melack will continue limnological monitoring in the Mono
Basin.

Waterfowl Population Surveys: Dr. Jehl will continue waterfowl population surveys in the
Mono Basin.

Aerial photography: LADWP will conduct aerial photography of the Mono Basin in a GIS
compatible format.

Hydrology: LADWP will continue to monitor the elevation of Mono Lake and to collect
hydrologic data in the Mono Basin.

3.3. Informational Meetings

Bi-annual Meetings: LADWP will host two meetings with the researchers and interested
parties to discuss restoration and monitoring activities in the Mono Basin. As in previous
years, the meetings will be held prior to and after the field season. The first meeting has been
scheduled for May 1, 2001.
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. 4.0. Physical Projects Remaining

4.1 Streams

e Channel Rewatering on Rush Creek: No construction activities have been
conducted on several channels on lower Rush Creek. The decision on whether to
proceed with the original stream plan is currently being analyzed.

e Road Closures on Rush Creek: Several roads on lower Rush Creek identified for
closures will remain opened until all restoration activities have been completed.

e Sediment on Lee Vining, Walker and Parker Creeks: LADWP has authorized R2
to prepare conceptual engineering and design for passing sediment on Lee Vining
Creek.

¢ Rehabilitation/Maintenance of Mono Gate Return Ditch: LADWP is planning on
performing the construction work on the Return Ditch during RY 2001 and 2002.

4.2 Waterfowl

e Channel Rewatering on Rush Creek: No construction activities have been
conducted on several channels on lower Rush Creek. The decision on whether to
proceed with the original stream plan is currently being analyzed.

e Prescribed Burn Program: Discussions with State Parks are ongoing with a
. anticipated burn in early 2002.
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.Mono Basin Operations for Runoff Year 2001-2002 - Preliminary

The May 1, 2001 Mono Basin forecast for the runoff' 2001-02 Runoff Year is 90,800
acre-feet or 77% of normal®. This year is a “dry normal” year, as defined by the State
Water Resources Control Board (SWRCB) Order No. 98-05 year-type designations.

To meet the flow requirements of the SWRCB Order No. 98-05, the Los Angeles
Department of Water and Power (LADWP) intends to follow the Guidelines shown in
Figure 1. The runoff forecast indicates that the LADWP will most likely not be able to
fill and spill Grant Lake during this runoff season. Nevertheless, LADWP intents to
divert approximately 20 cfs to Grant Lake from Lee Vining Creek as soon as the flows
allow and continue diverting until just before the peak occurs on Lee Vining Creek.

The Mono Gate Return Ditch has not yet been rehabilitated to its design capacity of
approximately 380 cfs, consequently, LADWP will not be able to provide the minimum
stream restoration flows of 200 cfs for 7 days to Rush Creek. To mitigate this
circumstance, LADWP will instead ramp up the Return Ditch to a current maximum flow
of 160 cfs for 7 days. Dry and Dry-Normal year stream restoration flows provide little or
no benefit to the fluvial geomorphological process however, the flows do provide some
benefit to the vegetation and to groundwater recharge.

LADWP anticipates exporting its full entitlement (16,000 acre-feet), at a constant rate, as
soon as the peak flow has passed or when its has been determined that there is no chance
of spilling.

Table 2 “Grant Lake Operations Model - Statistical Summaries” summarizes the
“educated guess” of distribution of monthly flows in the Mono Basin streams and
LADWP facilities for the 2001-02 Runoff Year. These flows do not represent minimum
or maximum flows, or targets any kind; they merely provide a possible scenario of the
flow distribution in the basin, assuming average climatic conditions subsequent to the
forecast date. The actual flows will likely be different.

Figures 2 through 8 are graphs depicting data from a single similar year type and do not
represent the forecasted runoff. The graphs are provided for illustration purposes only.

The values of expected magnitude and timing of the peak flows in Rush, Lee Vining,
Walker and Parker creeks were generated by a predictive model, and are shown in
Table 1.

1
Based on the April 1, 1999 runofY forecast.
Using the 1941-1990 average of 122,124 acre-feet.



Table 1

Peak Flow Magnitude (cfs) Timing
Rush Creek @ Damsite 184 June 5
Parker Creek above Conduit 38 June 18
Walker Creek above Conduit 24 June 14
Lee Vining Creek 178 June 3

The model uses regression analysis of historical data to predict future events. Since the
actual values depend heavily on ambient temperatures that are difficult to accurately
predict with any degree of certainty, it is more than likely that the values in.Table 1 are
not accurate. It is intended that they be used as an indicator of magnitude and timing of
the peak flows. These predictions are based on the May 1, 2001 forecast, and assume
median precipitation for the following six months.

On April 1, 2001, Mono Lake’s water surface elevation measured 6,383.8-ft. amsl
(USGS datum) and storage in Grant Lake Reservoir was 38,000 acre-feet (80% of
capacity). Given the most current forecast, and the proposed operations guideline, the
elevation of Mono Lake is expected to be approximately 6383.2-ft. amsl at the end of the
runoff year. This is graphically shown in Figure 9 “Mono Lake Elevation and Transition
Export”. The estimate is derived from modeling, and includes a number of assumptions
such as normal precipitation conditions for the remainder of the year. The number is to
be used as a general indicator.
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Grant Lake Operations Model - Statistical Summaries
2001 Runoff Year: Dry-Normal

Lee Vin. | Walker | Parker Rush Lower | Lower | RushC. ¢ Owens | Owens
Creek Creek Creek Creek J Lee Vin. | Lee Vin. | Walker Rush | Bottom { Grant Grant | Grant Mono River River
Above | Above | Above @ Creek | Conduit | Parker Cr. land Lake Lake Lake Basin | Abv.E. | Biw.E.
Intake | Conduit | Conduit | Damsite } Release | Diver. Flow [ Release | Flow [ Storage | Outflow | Spill Export | Portal | Portal
Daily Flows
cubic feet/second ac-ft cubic feet/second
Start 38,000
Min 16 1 2 17 16 5 44 49 29,000 44 0 0 39 56
Ave 51 5 6 58 49 1" 50 62 38,815 72 0 22 4 83
Max 197 22 34 115 197 20 55 160 177 43,710 160 0 53 60 115
End 29,370
Monthly Average Flows
cubic feet/second 1st of Month
Apr 73 2 5 87 73 0 7 47 54 38,000 47 0 0 48 65
May 101 8 6 88 82 18 14 72 86 40,540 72 0 0 50 67
Jun 132 16 - 19 94 129 4 35 80 115 42,490 80 0 0 46 63
T e | s | N o | s | o] 2| a | &7 {moso | ar | o | o e} 58
Aug 31 4 7 39 31 0 12 47 59 43,710 47 0 0 44 61
Sep 30 3 6 34 30 0 8 47 55 42,750 47 0 0 42 59
Toet [T | a1 s | P 2w | o] s a | s2 fwsso | T | o T2 e 63
Nov 25 7 3 4 25 0 10 44 54 41,190 97 0 53 43 112
Dec 22 3 3 36 22 0 6 44 50 38,360 97 0 53 44 114
Vi | s | s | 3| 22 | s | o s T a | s Jaoro | e | o s [T s | 1
Feb 44 2 3 52 44 0 5 44 49 32,630 97 0 53 43 113
Mar 29 3 3 72 - 29 0 6 44 50 30,510 97 0 53 43 113
Monthly Total Flows
- [acre-feet Average
Apr 4,322 122 299 5,173 4,322 0 421 2,797 3,218 } 39,068 2,797 0 0 2,829 3,841
May 6,203 475 384 5,412 5,073 1,131 859 4,449 5308 ] 41,978 4,449 0 0 3,077 4,123
Jun 7,875 927 1,149 5,570 7,657 218 2,076 4,745 6,821 | 42,358 4,745 0 0 2,765 3,776
T T agos| T asa | rs’| aem | acos] o t239| 280 4129 4sses | zeso| ") o 254 3500
Aug 1,905 269 449 2,371 1,805 0 718 2,890 3,608 | 43,285 2,890 0 0 2,684 3,729
Sep 1,789 164 338 2,020 1,789 0 502 2,797 3,299 | 42,240 2,797 0 Y 2,510 3,522
ot | hgea| 2 | are | 2as| zea| o stz Tzros| zme | ez | 22| o] s | 2| ams2
Nov 1,496 418 184 2,622 1,436 0 601 2,618 3,220 | 39,909 5,746 0 3,128 2,540 6,680
Dec 1,331 166 214 2,186 1,331 0 380 2,705 3,086 | 36,562 5,964 0 3,259 2,700 7,005
Than [ Tzreo| Tase | ana | sas| zaeo| o Taze| Tz70s| s0s2| avs2s | sesa]| of “3ass| zeee| Tesmo
Feb 2,471 137 150 2,861 2,471 0 288 2,444 2,731 | 31,639 5,387 0 2,944 2,370 6,258
Mar 1,777 158 211 4,398 1,777 0 369 2,705 3,075 | 29,472 5,964 0 3,259 2,634 6,939
Apr-Sep] 26,102 2,422 3,394 24,476} 24,754 1,349 5,816 20,567 26,383 20,567 0 0] 16,409] 22,580
Oct-Mar} 10,999 1,269 1,209 17,719 10,999 0 2,477 15,884 18,361 31,851 0 15,967 15,599 37,70_3
nnual
Total 37,101 3,690 4,603 42,194} 35,752 1,349 8,293 36,451 44,744 52,418 0 15,9671 32,008] 60,283

Table 2




MONO BASIN OPERATIONS - PLANNING GUIDELINE B

Hydrologic Year Type: Dry—Nc?rmal I
Forecasted Volume of Runoff (acre-feet): 83,655 <-< 92,207 ‘

LOWER RUSH CREEK

Instream Flows: Apr-Sept Oct-Mar

Flow (cfs) 47 44

Minimum base flows are those specified above or the inflow to Grant Lake reservoir,
whichever is less. However, if the inflow is less than the dry year instream flow
requirements, then dry year base flow requirements apply (Refer to Schedule A).

Stream Restoration Flows: 200 cfs for 7 days

Begin ramping stream restoration flows on May 135.

Ramping rate: 10% change ascending and descending, or 10-cfs incremental change,
whichever is greater.

LEE VINING CREEK

Instream Flows: Apr-Sept Oct-Mar

Flow (cfs) 54 40

Minimum base flows are those specified above or the stream flow at the point of
diversion, whichever is less.

Stream Restoration Flows: Allow peak flow to pass point of diversion

Begin ramping for stream restoration flows on May 15.

Ramping rate: 20% change ascending and 15% change 4descending, or 10 cfs
incremental change, whichever is greater.

Lee Vining Conduit Diversions:

Divert flows in excess of base flows until May 15.
Diversions may resume 7 days after the peak flow.

WALKER AND PARKER CREEKS

Instream Flows: : Oct-Mar
Parker Creek (cfs) 9 ‘ 6
Walker Creek (cfs) 6 4.5

Minimum base flows are those specified above or the stream flow at the point of
diversion, whichever is less.

Stream Restoration Flows: Allow peak flow to pass point of diversion

Lee Vining Conduit Diversions: None .

MONO BASIN EXPORTS  Maintain 22 cfs throughout the year.

Figure 1
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Forecasted Grant Lake Reservoir - Daily Inflow, Outflow, & Storage
Dry Normal Runoff Year lllustration
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Lee Vining Creek-Daily Flows
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Walker Creek-Daily Flows
Dry Normal Runoff Year Hlustration
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Walker and Parker Creeks Combined-Daily Flows

Dry Normal Runoff Year Illustration
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Mono Lake Elevation an(ﬂ ransition Period Exports
April 1980 - April 2005

Elevation (feet, msl)
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Executive Summary

This report presents the results of the second year of fish population monitoring for
Rush, Lee Vining, Parker and Walker creeks pursuant to State Water Resources
Control Board (SWRCB) WR 98-07. We used electrofishing mark-recapture techniques
to estimate trout populations of three sections of Rush Creek and two main stem
sections of Lee Vining Creek. Fish population estimates for two Lee Vining Creek side
channels and Parker and Walker creeks were made using electrofishing depletion
methods. In addition we conducted reconnaissance elctrofishing on the Rush Creek
canal.

Densities and standing crop estimates of Age 1 and older brown trout were lower in
Rush, Parker and Walker creeks in 2000 than in 1999. Densities and standing crop of
Age 1 and older brown trout were stable or increased in Lee Vining during the same
time period. The main channel sections of Lee Vining had much had standing crops
than the corresponding side channels. Condition factors for both brown trout and -
rainbow trout were higher in 2000 than in 1999 in all streams.

Young-of-the-year trout were extremely abundant in all sampled sections in both 1999
and 2000. This result indicated that spawning habitat is probably adequate to fully seed
these streams with trout.

A single electrofishing pass made on a short reach of the Rush Creek canal yielded 92
brown trout and two rainbow trout. This sample had a disproporttionately high
percentage of trout larger than 300 mm (12 inches) compared to other sections of Rush
Creek.

We compared the estimated fish population data for Rush and Lee Vining creeks to the
termination criteria adopted by the SWRCB. The termination criteria are: '
1. Lee Vining sustained catchable brown trout averaging 8-10 inches in length.

2. Rush Creek fairly consistently produced brown trout weighing 3% to 2 pounds.

Trout averaging 13 to 14 inches were also regularly observed.

The SWRCB requires us to recommend additional quantitative termination criteria for
Rush and Lee Vining creeks as well as quantitative termination criteria for Parker and
Walker creeks. The lack of historic fish population data makes it very difficult to make
" recommendations for quantitative termination criteria with confidence they are
reasonable. We recommend that data collection be continued for a few more years
before we attempt to define additional termination criteria.

Fish population estimates were made in seven stream sections during 2000 (Figure 1).
Lengths of sample sections varied from 98 m in the Parker Creek section to 813 m in
the County Road Section of Rush Creek (Table 1). In addition, a portion of the head of
the Rush Creek canal from its outflow at the Grant Reservoir outlet to about 400 m
down canal was sampled using a single electrofishing pass.

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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Study Area

Table 1. Total length (m), average wetted width (m), and total surface area of sample
sections in Rush, Lee Vining, Parker, and Walker creeks sampled during
August 30 to September 7, 2000.

Length Area

Section (m) Width(m) (sqm)
Rush — County Road 813 6.0 4878.0
Rush - Lower ' 405 54 2181.6
Rush — Upper 430 7.4 3182.0
Lee Vining — Lower 187 4.8 897.6
Lee Vining - Lower-B1 189 5.0 945.0
‘ TOTAL Lower 1842.6
Lee Vining - Upper-main 330 5.8 1914.0
Lee Vining - Upper-A4 201 4.2 844.2
TOTAL Upper 2758.2
Parker 98 22 2156
Walker - 100 1.8 180.0

N

Due to the relative instability of the stream channels, particularly within the Rush Creek
drainage, the sample sections have been changing over time. As these channels re-
form, adjusting to the new flow regimes, pool-riffle structure is now becoming more
evident. The dynamic nature of these channels has also resulted in many side channel
and multiple channel reaches in these streams. In addition, the past and present
aggressive approaches to reclaim stream channel structure, provide instream cover for
fish, and spread water in hopes of increasing riparian vegetation has also contributed to
the dynamic nature of these channels. The dynamic nature of these side channels

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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Figure 1. Map of study area showing sampling site locations (from McBain and Trush
2000).
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makes consistent samphng extremely difficult due to water spreading over the flood
plain and flowing through dense brush stands within the valley floor.

. Sampling difficulties have been particularly problematic in Rush Creek. In the Lower
Section a side channel diverts some of the flow from the main channel above the upper
boundary of the established sample section onto the flood plain. We have not sampled
this side channel because the water is spread out, extremely shallow, and flows through
thick brush. However, it appears that this side channel is capturing progressively more
of Rush Creek’s flow through time and is also beginning to concentrate this flow into a
more defined channel, especially in its upper reach. A similar situation occurs in the
Upper Section of Rush Creek, where a side channel captures about half the flow. Atthe
lower end of this side channel about half the water (a quarter of the total flow) flows
back into the main channel, but the other half continues down-valley, spreading over the
valley floor through a dense willow stand that is presently impossible to effectively
sample, before flowing back into the main channel through several small rivulets. While
the proportion of total available habitat within the sample sections represented by these
un-sampled areas is presently low, it is likely to change over time and may increase.
These situations are also occurring to a lesser extent in Lee Vining Creek sample
sections. In all these cases, we have made every effort to isolate sampled habitats from
un-sampled habitats using physical barriers such as block nets or temporary rock dams
to meet assumptions of closed populations for sampling purposes. We have also
measured lengths and widths of only sampled habitats to derive sampled area
estimates.

Stream flow and water temperature data are on file with LAWP and Trush.

Methods

Mark-recapture estimates were made in three sections of Rush Creek and the main
channel portions of two sections in Lee Vining Creek. Depletion estimates were made
in Parker and Walker creeks and two side-channels in Lee Vining Creek. For mark-
recapture estimate sections, fish were captured using a Smith-Root® 2.5 GPP
electrofishing system that consisted of a Honda generator powering a variable voltage
pulsator (VVP) that had a rated maximum output of 2,500 watts. This unit was set at 30
or less pulses per second to reduce risk of injury to fish and voltages were set to allow
for capture of fish without harming fish. Obtaining this desired response in fish usually
resulted in voltages ranging from 300 to 500 and amperes from 0.3 to 1.5. The
generator and VVP unit were transported downstream in a small barge that also carried
an insulated tub to transport captured fish (see cover photo). A person operating a
mobile anode and a dip netter fished each half of the stream in a downstream direction
(total of two anode operators and two dip netters). All netted fish were placed in the
insulated tub within the barge shortly after capture. This barge system was also used
for the single electrofishing pass made in the Rush Creek canal. Due to the depth of
the canal, anode handlers and dip netters could not wade down the middle of the canal,
consequently the barge was floated down the middle of the canal and a mobile anode

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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handler and dip netter waded along each edge of the canal working towards the middle
on their side.

Two Smith-Root® BP backpack electrofishers (Model 12B) were used to capture fish for
depletion estimates in the Lee Vining Creek side-channels. A backpack electrofishing
unit was used for depletion estimates in both the Parker and Walker creek sections. At
least one dip netter worked with each backpack electrofisher and another crew member
served as a backup dip netter and carried a live bucket in which all captured fish were
placed immediately after capture.

To meet the assumption of closed populations for sampling purposes, all sample
sections except the County Road Section of Rush Creek were blocked at both ends
prior to sampling. The County Road Section of Rush Creek was long enough (813 m)
that effects of movements at the ends of the sample section should have been low in
proportion to the entire section. In the Upper and Lower Rush Creek sections and main
channel portions of the Upper and Lower Lee Vining Creek sections, 12. mm mesh
hardware cloth fences were installed at the upper and lower boundaries of the sections.
These hardware cloth fences were installed by driving fence posts at approximately two-
meter intervals through the bottom portion of the hardware cloth approximately 15 cm

~ from its bottom edge. Rope was then strung across the top of each fence post and
anchored to willows, fence posts, or trees on each bank. The hardware cloth was held
vertically by wiring the top of the cloth to the rope with baling wire. Fences were
cleaned and checked, usually at least once daily, for any possible dead fish between
mark and recapture sampling. For the side channel portions of the Upper and Lower
Lee Vining Creek sections and the sample sections in Parker and Walker creeks 12 mm
mesh block seines were placed at sample section boundaries during depletion efforts.

All captured fish were held in either a tub within the barge, a bucket carried by a
crewmember, or live cars within the stream channel. All captured fish were measured
to the nearest mm (total length) and most were weighed to the nearest gram. In the
Upper Rush Creek and County Road sections of Rush Creek, all captured fish had their
upper caudal fin clipped to conduct mark-recapture estimates in these sections. In the
Lower Rush Creek Section, all captured fish received a lower caudal clip. When
clipping the caudal fin a scissors was used to make a straight vertical cut from the top,
or bottom, of the caudal fin approximately 3 mm deep at a location about 3 mm from the
posterior edge of the fin. All fish from Rush Creek, and the Rush Creek Ditch, were
examined for old upper caudal clips that would identify them as having been handled in
1999. Length-weight regressions (Cone 1989) were calculated for brown trout in each
section of Rush Creek by year to assess differences in length-weight relationships
between sections and years. Log 10 transformations were made on both length and
weight prior to running regressions.

Depletion population estimates were made using depletion estimators from consecutive
electrofishing catches (Van Deventer and Platts 1989). Assumptions for valid depletion
estimates using this estimator include:

Los Angeles Department of Water and Power - Hunter, Shepard, Knudsen, Taylor, Mierau
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1. The sampled population is closed. A “geographic” (White et al. 1982) boundary
limits the population and emigration, immigration, births, or deaths do not occur
during the sampling period (“demographic closure”; White et al. 1982).

2. The number of fish captured during each sampling effort are correctly counted
and recorded and removed from the population.

3. Each fish within an estimated group of individuals (ie. species and size-class)
has a constant and equal probability of capture during each sampling effort.

Assumption 1 can usually be easily met by blocking off the sampled section of stream
with nets or fences to provide “geographic” closure and prevent immigration and
emigration. The relatively short time frame to complete these estimates, generally
within two to four hours, effectively eliminates concerns about births and deaths.
Meeting assumption 2 only requires accurate recording of data and holding previously
captured fish in a container from which they cannot escape ‘during subsequent capture
events. Assumption 3 is extremely difficult to meet and many studies have
demonstrated that unequal capture probabilities occur among species, sizes, sex, and
possibly individuals. In addition, capture probabilities likely decline for subsequent
capture events, especially between the first capture event and subsequent capture
events (see White et al. 1982 for a review of these studies and implications of not
meeting this assumption).

Mark-recapture estimates were made in the County Road, Lower, and Upper Rush
Creek sections and main channel portions of the Lower and Upper sections in Lee
Vining Creek. Estimates were made using either a log-likelihood function estimator or,
when the model fitting the log-likelihood function was significantly different than that
observed for the data, the Chapman modification of the Peterson estimator (Montana
Department of Fish, Wildlife and Parks, Mark-Recapture Program, beta version 5.0;
Ricker 1975). This computer program develops a log-likelihood predictive function to
estimate capture efficiencies for each size of fish captured. The program reports how

- well this modeled function actually fits the observed capture efficiencies using a Chi-

square goodness of fit test. The program also compares modeled and observed
capture efficiencies for each individual length class set by the user (25 mm for these
data sets). When a significant Chi-squared difference is reported between modeled and
observed capture efficiencies, or when predicted and observed capture efficiencies
appear to be very different between a few of the length classes, we pooled length
classes into groups with similar capture efficiencies and used the Chapman modification
of the Peterson estimator to make estimates. Trout mortalities, whether the fish died
during marking runs or were subsequently observed dead on the block fences, where
not used in the calculations of estimates, but were added to the estimated numbers and
were reported separately in tables. Assumptions for valid mark-recapture estimates
include:

1. The same population closure assumptions detailed above.

2. Fish do not lose their marks during the experiment.
‘3. All marks are observed and recorded correctly during each recapture event.

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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4. Marked fish are either randomly distributed throughout the population, or
distributed in proportion to the actual distribution of the population (ie. if more fish
in the population are located in pool habitats then marked fish are released into
pool habitats in nearly the same proportion as the overall population).

5. Either capture probabilities are constant, or differences in capture probabilities
are accounted for in the estimator.

Block fences at the boundaries of the sample sections can help meet assumption 1;
however, immigration and emigration is extremely difficult to totally eliminate, especially
if fences cannot be maintained throughout the experiment. The assumption of no births
or deaths can generally be met due to the relatively short duration of time between mark
.and recapture events (5 to 10 days); sampling at a time when births would not occur;

" and accounting for all deaths by removing those fish that died during the experiment
from the estimate. Assumptions 2 and 3 are generally easy to meet by exercising care
when marking fish during marking events, examining fish for marks during recapture
events, and recording these data accurately. Assumption 4 can be met by physically re-
distributing marked fish throughout the sampled section when they are released and
allowing marked fish 5 to 10 days to naturally re-distribute within the sample section
prior to conducting recapture events. The Montana Fish, Wildlife and Parks Mark-
Recapture program accounts for differing capture efficiencies across fish of different
lengths and each species was estimated separately to account for capture probability
differences between species. -

Biomass (kg/ha) was estimated for each section by averaging weights of all fish within
each length class estimated, multiplying that average weight by the estimated number
of fish for each length group, and then summing biomass estimates over all length
classes. We calculated biomass estimates per section for all age 1 and older trout.

Results

Capture efficiencies estimated from log likelihood functions did not differ significantly
from capture efficiency data for brown trout in the Upper and Lower Rush Creek
sections and for both brown and rainbow trout in the main channel of the Upper Section
of Lee Vining Creek (see Methods for explanation). Capture efficiencies estimated
from log likelihood functions did not fit capture efficiency data for the remaining
estimates, so modified Peterson estimators were used. Estimates are reported for each
section below.

Rush Creek

County Road Section

The majority of the brown trout captured in the County Road Section of Rush Creek
were from 50 to 100 mm and the longest brown trout captured was just under 300 mm
(Figure 2). Few rainbow trout were captured and most of these were from 120 to 180

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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Table 2. Mark-recapture estimates showing number of fish marked (M), number
captured on recapture run (C), number recaptured on recapture run (R),
number of monrtalities (Morts) between mark and recapture run, estimated
number, and standard deviation (S.D.) by stream section, species and length

~ group during August/September 2000. Estimator method is shown after

species (LL=log likelihood; MP=modified Peterson).

Mark-Recapture

Stream (Section)
'~ Species (Estimator)

Estimated’

Length Group M - C 'R Morts number S.D.
Rush Creek (County Road Section)
Brown Trout (MP) ' ‘
YOY 417 495 82 29 2497 223
125-174 mm : 111 148 45 2 362 34
175 + mm 118 116 61 1 224 13
Rainbow Trout (MP)
YOY 6 8 1 2 NP2 -
125 + mm 18 16 7 0 39 8
Rush Creek (Lower Section)
Brown Trout (MP)
YOY 444 416 146 14 1261 68
125-224 mm 1177 123 69 2 208 10
225 + mm 18 15 14 0 19 1
Rainbow Trout (MP) '
YOY- 11 2 1 0 NP2 -
125 + mm 7 3 0 113 2
Rush Creek (Upper Section)
‘Brown Trout (LL)
YOY 524 556 72 49 4805 361
125-199 mm 113 104 20 2 416 28
200 + mm 28 39 11 0 136 14
Rainbow Trout (MP)
YOY 13 20 7 30 36 6
125 + mm 10 19 4 0 43 12

Los Angeles Department of Water and Power
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Stream (Section) Mark-Recapture

Species (Estimator) Estimated’
LepdYiging fergek (Lower gection wMain Channel) Morts number S.D.

Brown Trout (LL)

YOY 21 43 4 0 224 74

125-199 mm 15 15 7 0 32 4

200 + mm 19 19 14 1 38 2
Rainbow Trout (MP)

75 + mm 3 4 2 0 6° 1

Lee Vining Creek (Upper Section — Main Channel)
Brown Trout (LL)

YOY 33 82 9 2 471 108

125-199 mm 13 14 2 0 48 8

200 + mm 11 24 8 0 41 8
Rainbow Trout (LL)

YOY 7 27 1 0 161 54

125 + mm 11 22 9 0 36 5

! To arrive ata compléte estimate the mortalities (“Morts”) should be added to the “Estimated number”.

2 “NP” denotes that an estimate was not possible for this size group.
The number of recaptured fish for these estimates were below 7, the number recommended for an unbiased modified Peterson
estimate.

mm with another group from 50 to 100 mm (Figure 2). A few rainbow trout over 200
mm were also captured. This section supported an estimated 589 brown trout age 1
and older and 2,526 young-of-the-year (YOY; Table 2). Estimates of brown trout were
relatively precise with standard deviations being less than 10% of the estimates. No
estimate could be made for rainbow trout YOY, but the section supported an estimated
39 rainbow trout age 1 and older..

Lower Section

Length frequencies of brown trout captured in the Lower Section of Rush Creek were
very similar to the distribution observed for the County Road Section (Figure 2). Fewer
rainbow trout were captured in this section compared to the County Road Section and
no rainbow trout over 200 mm were seen. This section supported an estimated 229
brown trout age 1 and older and 1,255 YOY (Table 2). Estimates of all size classes of
brown trout were very precise with standard deviations being less than 5% of the
estimates. Again, no estimate could reliably be made for YOY rainbow trout.

Upper Section

Length frequencies of brown trout captured in the Upper Section of Rush Creek were
similar to the distribution observed for the County Road and Lower sections; however,
one 366 mm long brown trout was captured (Figure 2). The length frequency of rainbow
trout was similar to the County Road Section with a few more YOY rainbow trout seen in

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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. this Upper Section. The Upper Section of Rush Creek supported an estimated 554 age
1 and older brown trout and 4,854 YOY (Table 2). This section also supported an
estimated 43 age 1 and older rainbow trout and 66 YOY rainbow trout.

Canal

A single electrofishing pass made in the Canal below the Grant Lake outlet structure
captured 92 brown trout and two rainbow trout. The brown trout length frequency plot
ilustrated that this section supported numerous brown trout longer than 300 mm with
several approaching 400 mm and one 509 mm in length (Figure 3). Three brown trout
(lengths of 227, 336, and 383 mm) and one rainbow trout (218 mm) that had been fin
clipped during the previous year’s sampling with an upper caudal clip were recaptured
in the canal. These fish most likely were clipped in the Upper Section of Rush Creek in
1999, but could have been clipped in the Lower Section.

Log(10) transformed length-weight regressions for brown trout had R?-values over 0.98
for almost all sample events indicating that weight was strongly correlated to length
(Table 3). Length-weight regressions for brown trout from Rush Creek indicated that
brown trout captured during 2000 were in better condition (a fish of a certain length
weighed more) than those captured during 1999 (blue versus red lines; Figure 4).

- Computation of condition factors by length group also showed the brown trout were in
better condition during 2000 than 1999 (Figure 5). Overall, condition factors were
relatively high. ' '

14 O
. Brown Trout

12 Rush Creek - Canal

10

Number of Fish

Length Class (mm)

Figure 3. Length frequency histogram for brown trout captured in the Rush Creek canal
-immediately below the Grant Lake outlet during September 2000.

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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‘ Table 3. Regression statistics for log transformed length (L) to weight (WT)
relationships for brown trout captured in Rush Creek by sample section and

year.
Section Year N Equation R? P
County Road 2000 412 Log(WT)=2.936"Log(L) — 4.827 0.987 <0.01
Lower 1999 314 Log(WT)=3.027*Log(L) — 5.078 0.992 <0.01
Lower 2000 230 Log(WT)=2.970*Log(L) — 4.894 0.984 <0.01
Upper 1999 279 Log(WT)=2.923*Log(L) — 4.816. 0.980 <0.01
Upper 2000 309 Log(WT)=3.001*Log(L) - 4..958 0981 <0.01
BOO T o e e e e e e e e e
Lower 1999 /
. — — Upper 1999 / 9
600 7=—| . ... Co.Road2000 [~~~ T T T 77 y A
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E .
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@
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200 — — — — —— e o e e e e e
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Figure 4. Length-weight regressions for brown trout captured in three sections of Rush
Creek in 1999 and 2000. Legend shows the section and year.
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Figure 5. Condition factors for brown (top) and rainbow trout (bottom) 150 to 250 mm in
length captured during 1999 and 2000 in sample sections of Mono Lake
tributaries. Sample sizes are in parentheses next to bars.
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Lee Vining Creek

Lower Section

More YOY brown trout (<125 mm) were captured in the side channel portion than in the
main channel portion of the Lower Section of Lee Vining Creek. However, many more
age 1 and older brown trout were captured in the main channel (Figure 6). Almost no
YOY rainbow were captured in the main channel, but many were captured in the side
channel. A few larger rainbow trout were also captured in the side channel. The main
channel supported an estimated 224 YOY and 71 age 1 and older brown trout, while the
side channel supported an-estimated 83 YOY and 12 age 1 and older brown trout
(Tables 2 and 4). An estimated 6 rainbow trout (only one of which was a YOY)
inhabited the main channel, while an estimated 57 YOY and nine age 1 and older
rainbow trout inhabited the side channel. The total trout standing crop was much higher
in the main channel (100 kilograms/hectare) than in the side channel (15
kilograms/hectare) (Figure 10).

Upper Section

Many more YOY and a few more age 1 (140-200 mm) brown trout were captured in the
main channel portion of the Upper Section in Lee Vining Creek than in the side channel
portion (Figure 6). Many more rainbow trout were captured in the side channel portion,
including several very large rainbow trout, than in the main channel portion of the Upper
Section (Figure 6). However, the main channel portion of the Upper Section supported
an estimated 473 YOY and 89 age 1 and older brown trout, and 161 YOY and 36 age 1
and older rainbow trout (Table 2). The side channel portion supported less brown and
rainbow trout, an estimated 24 YOY and 38 age 1 and older brown trout, and 75 YOY
and 42 age 1 and older rainbow trout (Table 4). The total trout standing crop was much
higher in the main channel (170 kilograms/hectare) than in the side channel (60
kilograms/hectare) (Figure 10). :

Parker Creek

Only brown trout were captured in Parker Creek and most of these were less than 100
mm (Figure 7). Parker Creek supported an estimated 48 YOY and 7 age 1 and older
brown trout (Table 4).

Walker Creek

Only brown trout were captured in Walker Creek and most were less than 100 mm
(Figure 7). Walker Creek supported an estimated 64 YOY and 24 age 1 and older
brown trout (Table 4).

Los Angeles Department of Water and Power Hunter, Shepard, Knudse‘n, Taylor, Mierau
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Rush Creek Water Temperatures

McBain and Trush maintained thermographs at the Return Canal, the Narrows and and
the County Road Ford. Temperatures in the Return Canal were relatively constant
throughout the year with a relatively narrow range of daily temperature fluctuations. The
annual maximum temperature was 66.8 F, but summer temperatures typically remained
below 64-65 degrees F. Temperatures at the Narrows were slightly higher on average:
the annual maximum temperature exceeded 70 degrees F at least 8 days during late
July and August. Minimum daily summer temperatures were in the mid 50’s. Daily |
fluctuations were generally no more than 8 to 12 degrees F. Temperatures were slightly
higher at the County Road Ford in Lower Rush Creek than at the Narrows. Peak daily
temperatures reached or exceeded 70 degrees F during at least 22 days (data analysis
extends only to August 15) compared to 8 at the Narrows. The maximum daily
temperature at the Rush Creek County Road Ford was 71 degrees F and the largest
daily fluctuation was 22 degrees.

Rush Creek temperatures are well below upper lethal temperatures, although the higher

summer temperatures at the downstream stations commonly exceed the optimal

temperature range for brown trout. Cooler water in the Canal may be one of the habitat
. - attributes that appear to contribute to the higher densities of larger brown trout in the

Canal.
Lee Vining Creek Creel Census

The California Department of Fish and Game conducted a creel census on Lee Vining
Creek during the year 2000 fishing season to evaluate the effect of harvest on fish
populations. The creel census was conducted from April 29 through October 29. A
creel census clerk was on the stream for 78 of the 180 days included in the study. The
stream was divided into two sections. The lower section, from the mouth of the creek
upstream to Highway 395 is of most interest to this study. Anglers reported catching a
total of 104 fish from this section ranging in size from 4-19 inches in length. All but 5
fish were released. Based upon these results and our fish population estimates it
appears that any impact on the fish population of Lee Vining Creek was minimal.

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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Figure 6. Length frequency histograms for brown (left) and rainbow (right) trout
captured in the Upper (top) and Lower (bottom) sections of Lee Vining Creek
during September 2000 showing those fish captured in the main channel
(cross-hatched bars) and side channel (open bars) portions of each section.
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Table 4. Depletion population estimates made in the side channel portions of the Lower
and Upper sections of Lee Vining Creek and in Parker and Walker creeks
during September 2000 showing number of fish captured on each pass,
estimated number, and standard deviation (S.D.) by species and length group.

Stream (Sectlon) Number captured per pass

Species Estimated
Length Group 1 2 3 number S.D.
Lee Vining Creek (Lower Side Channel)
Brown Trout
YOY (<115 mm) 65 15 - 83 3.0
115-199 mm 6 0 - 6 Y
200 + mm 6 0 - 6 Y
Rainbow Trout .
YOY (<115 mm) 32 15 - 57 8.9
115-199 mm 6 0 - 6 0
200 + mm 3 0 - 3 0
Lee Vining Creek (Upper Side Channel)
~ Brown Trout
"YOY (<115 mm) 19 5 ‘ - 24 1.2
115-199 mm 31 0 - 31 0
200+ mm - - 7 0 - 7 0
Rainbow Trout
. YOY (<115 mm) . 69 6 - 75 0.7
115-199 mm 16 2 - 18 0.5
200 + mm 22 2 - 24 0.4
Parker Creek
Brown Trout
YOY (<115 mm) 31 8 7 48 2.5
115-199 mm 4 2 0 6 0.4
200 + mm. 1 0 0 1 -
Walker Creek
Brown Trout
YOY (<115 mm) 49 12 - 64 3.0
115-199 mm 18 2 - 20 0.5
200 + mm 4 0 - 4 -
Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau -
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Figure 7. Length frequency histograms for brown trout captured in Parker (upper) and
Walker (lower) creeks during September 2000.
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Discussion

‘Reliability of Estimates

For all estimates we believe we met all assumptions except for closure of populations to
emigration and immigration. We discuss the degree to which we believe we violated the
assumption of populations that were closed to emigration and immigration for each
estimate. Violation of the assumption that a population is closed to emigration and
immigration could result in an over-estimate. Potential loss of marked fish from the
sample area, or movement of unmarked fish from outside the sample area into the
sample area, between mark and recapture efforts would lead to an under-estimate of
capture efficiencies. Under-estimating capture efficiencies result in over-estimates of
population numbers. '

Rush Creek

Since no block fences were deployed at the boundaries of the County Road Section of
Rush Creek, movement of fish into and out of the section between mark and recapture
efforts may have affected this estimate. However, the relatively long length of the
section (over 800 m) should have reduced this effect. The block fences at the-
boundaries of the Lower Section of Rush Creek remained in place and little to no fish
movement into or out of this section between marking and recapture efforts likely
occurred. The block fences at the boundaries of the Upper Section were difficult to
maintain and these block fences, particularly at the upper boundary, were breached by
debris and flows causing the portions of these fences to collapse on several occasions
between the mark and recapture efforts. The lower block fence went down during the
recapture event due to debris dislodged during sampling plugging the fence and '
causing it to fail. One fish marked in this section was found on the upstream side of the
upstream fence and another was found in the Lower Section illustrating that some
marked fish moved out of this section between mark and recapture efforts. It is also
likely that some unmarked fish moved into this section from outside the section between
the mark and recapture efforts. The failure to meet the population closure assumption
probably seriously affected the accuracy of estimates in this Upper Rush Creek Section;
however, the precision (reflected as standard deviations) was still relatively good.

Lee Vining Creek.

The block fences at the boundaries of the main channel in both the Lower and Upper
sections remained in place and little to no fish movement into or out of this section
between marking and recapture efforts likely occurred. The block nets located at the
boundaries of the side channels in both sections also remained in place during
sampling, so little to no fish movement likely occurred during sampling.

Parker and Walker Creeks

The block nets located at the boundaries of both sections in these two creeks remained
in place during sampling, so little to no fish movement likely occurred during sampling.

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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Estimate and Standing Crop Comparisons

Densities (number per hectare) of age 1 and older brown trout were generally lower in
2000 than in 1999, except in the main and side channel portions of the Upper Lee
Vining Creek section and the main channel portion of the Lower Lee Vining Creek
section (Figure 8). The 1999 depletion estimate for brown trout in Upper Rush Creek
probably was an under-estimate. Walker and Upper Rush sections supported the
highest densities of age 1 and older brown trout during these two years. Densities of
age 1 and older rainbow trout were higher in 2000 or similar between years in all
sections, but Lower Lee Vining (Figure 9). The Upper Lee Vining section had much
higher densities of age 1 and older rainbow trout in 2000.

Walker (7 /i/ ///a, S e i
Parker Zﬂf]‘

LV - Upper Side }

LV - Upper Main
LV - Lower Side

LV - Lower Main
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Figure 8. Estimated number (standard errors shown as capped horizontal lines) of age
1 and older brown trout per hectare in sections of Rush and Lee Vining

creeks during September 1999 and 2000.
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Figure 9. Estimated number (standard errors shown as capped horizontal lines) of age
1-and older rainbow trout per hectare in sections of Rush and Lee Vining
creeks during September 1999 and 2000.

Estimates of trout standing crops (kg/hectare) were generally lower during 2000 than
during 1999 in all stream sections, but those in Lee Vining and Parker creeks (Figure
10). Standing crop and density estimates were relatively concordant for all areas
(Figures 8 and 9 versus 10). We are unsure why populations of trout declined in the
Rush Creek drainage (all Rush, Parker, and Walker sections) from 1999 to 2000, while
populations in Lee Vining Creek were stable or increased during this same time period
(Figures 8 and 9). Much of the increase in trout densities observed in Lee Vining Creek
was due to an increase in numbers of rainbow trout.

Both 1999 and 2000 sampling indicated that young-of-the-year trout, especially brown
trout, were extremely abundant. This result indicates that spawning habitat is probably
adequate for fully seeding these streams with trout. Factors limiting densities of age 1
and older trout probably operate after fry emerge from the substrate. We speculate that
winter conditions, especially during the first year of life, likely control densities of juvenile
trout. The influence of stream flow on survival of young fish may also be very important
and monitoring the abundance of trout by size class through various flow regimes would
allow us to better evaluate flow effects..

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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Figure 10. Standing crop (kg/hectare) of age 1 and older brown and rainbow trout in
selected Mono Lake tributaries in 1999 and 2000. Vertical axis shows stream
(LV = Lee Vining), section (U = Upper, L = Lower, SC = side channel, M =
main channel, CR = County Road), and year.
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Since the termination criteria concentrates on the abundance of larger “catchable” trout
(“>8 inches [203 mm] with some 13 to 15 inches [330 to 381 mm]’) we feel a brief
discussion of factors that probably influence these streams’ capacity to support larger (>
200 mm) trout is warranted. We limit this discussion to a cursory review of the literature
for now, but will provide a more detailed review at the conclusion of this study.

Brown trout generally seek deeper water associated with cover as they grow (Blades
and Vincent 1969). Clapp et al. (1990) found that large (> 400 mm) radio-tagged brown
trout in a Michigan stream typically selected deep (> 30 cm), slow (< 10 cm/s) water
habitats that had heavy log cover during daytime hours. Cunjak and Power (1986)
described winter habitat use of brook and brown trout in an Ontario River and found that
age 1 and older brown trout occupied deeper water during the winter than during the
summer with mean focal point depths at two different sites of 43 and 59 cm during the
summer and 53 and 76 cm during the winter. Cunjak and Power also found that brown
trout generally preferred deeper water than brook trout and that both species preferred
positions beneath cover. They also found that brown and brook trout aggregated
beneath cover in the winter, but saw no evidence of gregarious behavior during the
summer. Hayes and Jowett (1994) found that brown trout in three New Zealand rivers
preferred water that was 1.0 m deep (0.67 to 0.86 m were most commonly used) and
optimal focal point water velocities (0.19-0.28 m/s) were lower than mean velocities.
They found that depth and mean velocity consistently explained habitat selection
(accounting for 33-85% of deviances in a logistic regression model). Néslund et al.
(1998) reported that adult brown trout grew and survived better in pool habitats than in
riffle habitats of Swedish streams. Newman and Waters (1989) found that trout
densities and standing stocks differed significantly among eight continuous sampling
sections along South Branch Creek, a limestone stream in southeastern Minnesota.
These differences were relatively consistent between 3 years of study and were
regulated by habitat differences between sections. -

Movement patterns of brown trout in Mono Lake tributaries are presently not well
known. Our data suggests that movement of brown trout within the Rush Creek
drainage may be extensive. Movement patterns can be segregated into seasonal and
diel. Seasonal movement of large (> 400 mm) brown trout in a Michigan stream ranged
from 370 m to over 33 km (Clapp et al. 1990). These fish appeared to have separate
winter and summer ranges. Individual fish used as many as four specific home sites
during the spring-summer period and the average distance between these home sites
was 386 m. Meyers et al. (1992) found that large (> 400 mm) brown trout moved from
about 8 to 20 km during the spring and fall, but moved very little during the summer
months in a Wisconsin stream system. Workman (1981) documented the re-founding of
a sympatric brown and rainbow trout population in Sixteenmile Creek, Montana
following their elimination via chemical poisoning of the lower 35.6 km of the stream.

He found that age 1 and 2 year old trout from adjacent areas unaffected by the poison
moved rapidly into the poisoned section, but older trout did not move into the poisoned
reach. Since few mature-sized fish moved into the de-populated section, Workman did
not consider this population recovered until the age 1 and 2 year old fish that moved

Los Angeles Department of Water and Power Hunter, Shepard, Knudsen, Taylor, Mierau
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into this section matured at age 3 and spawned. The re-founding of this population took
at least four years. '

Burnnell et al. (1998) studied diel movements of 268-446 mm brown trout in the
southern Appalachian Chattaooga River and found the majority of fish moved less than
80 m and this distance generally encompassed a single pool-riffle complex. However,
larger brown trout (>375 mm) moved greater total distances and had wider diel ranges
than smaller trout.

Since seasonal movement information suggests that brown trout may require different
habitats seasonally, we suggest that connectivity be maintained throughout the Rush
Creek and Lee Vining Creek drainages, at least below existing LAWP dams.
Maintaining connectivity will require ensuring that road crossings, or any other human
structures, do not impede movement of fish in either an up- or downstream direction.
Limited observation suggests that brown trout may be moving in and out of the Rush
Creek diversion ditch from main Rush Creek. We have also observed, and been
offered anecdotal information, that brown trout may move down into the estuarial
portions of both Rush and Lee Vining Creek near Mono Lake, perhaps to take
advantage of the abundant food resource offered by the brine shrimp.

Ultimately, recommendations will need to be made regarding flow regimes necessary
for sustaining trout populations in Mono Lake tributaries. Wesche et al. (1987)
described a model that accounted for 52% of the variation in brown trout standing stock
(kg/hectare) which used cover availability and average annual base flow expressed as a
percent of average annual daily flow. Jowett (1992) found that weighted useable area
(WUA) and invertebrate biomass explained 64.4% of the variation in abundance of
brown trout 200 mm and longer in 43 sites in New Zealand rivers. When flow data were
included in an instream flow incremental methodology (IFIM) to estimate WUA for food
production at median flow and WUA for adult brown trout drift-feeding habitat at mean
annual low flow, Jowett found that the IFIM model explained 87.7% of the variation in
brown trout at 59 sites.

A recent review of 236 habitat-flow curves for brown trout and 487 for rainbow trout
developed using IFIM and PHABSIM procedures by Hatfield and Bruce (2000) indicated
that mean annual discharge was the principal variable that predicted optimum flows for
each life stage. They suggested that regressions they developed using mean annual
discharge to predict optimum flows could be applied for project scoping, research
planning, and adaptive management. Applying these regression equations using mean
annual discharges and latitude and longitude to predict optimum flows resuited in
predictions of 19 to 55 cfs for various life stages of brown trout and 8 to 16 cfs for
rainbow trout in Rush Creek, 17 to 45 cfs for brown trout and 8 to 16 cfs for rainbow
trout in Lee Vining Creek, 6 to 20 cfs for brown trout in Parker Creek, and 5 to 16 cfs for
brown trout in Walker Creek (Table 5). These predicted optimum flows represent only
starting points for evaluating instream flow needs for brown and rainbow trout in these
creeks. We note that predictions of instream flow needs for fish assume a single thread

channel that has
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Table 5. Prediction of optimum flows needed for brown and rainbow trout by life stage in Rush, Lee Vining, Parker, and
Walker creeks based on equations developed by Hatfield and Bruce (2000) using mean annual discharges
(MAD) and latitude and longitude of the streams. :

Mean Predicted
Annual Optimum

Stream Species Life Stage Discharge Equation F df R-squared Flow
Rush Creek Brown Fry 80  0.444 + 0.568"loge(MAD) 43.4 1,45 0.491 19
Juvenile 80 90.595 + 0.537*loge(MAD) - 18.705*loge(Longitude) 27.0 2,48 0.529 34
Adult 80  1.449 + 0.585*loge(MAD) 61.5 1,47 0.567 55
Spawning 80  1.822 + 0.478*loge(MAD) 21.8 1,38 0.364 50
Rainbow Fry 80  -0.946 + 0.784%loge(MAD) 142.3 1,77 0.649 . 12
Juvenile 80 - 15.543 + 0.593"loge(MAD) + 4.400*oge(Latitude) 170.7 2,96 0.781 16
Aduit 80 - 6.636 + 0.641*loge(MAD) + 2.105"loge(Latitude) 165.3 2,95 0.777 8
Spawning 80 - 12.037 + 0.598*loge(MAD) + 3.623*loge(Latitude) 91.7 2,71 0.721 13
Lee Vi'ning Creek Brown Fry 64 0.444 + 0.568*loge(MAD) 43.4 1,45 0.491 17
Juvenile 64  90.595 + 0.537*loge(MAD) - 18.705*loge(Longitude) 27.0 2,48 0.529 30
Adult 64  1.449 + 0.585*loge(MAD) 61.5 1, 47 0.567 49
Spawning 64  1.822 + 0.478"loge(MAD) 21.8 1,38 0.364 45
Rainbow Fry 64  -0.946 + 0.784"loge(MAD) 142.3 1,77 0.649 10
Juvenile 64 - 15.543 + 0.593"loge(MAD) + 4.400*loge(Latitude) 170.7 2,96 0.781 16
Adult 64 - 6.636 + 0.641*loge(MAD) + 2.105%loge(Latitude) 165.3 2,95 0.777 8
Spawning 64 -12.0.7 + 0.598%loge(MAD) + 3.623"loge(Latitude) 91.7 2,71 0.721 13
Parker Creek Brown Fry 12 0.444 + 0.568*loge(MAD) 43.4 1,45 0.491 6
: Juvenile 12 90.595 + 0.537*loge(MAD) - 18.705*loge(Longitude) 27.0 2,48 0.529 12
Adult* 12 1.449 + 0.585%loge(MAD) 61.5 1,47 0.567 18
Spawning 12 1.822 + 0.478"loge(MAD) 21.8 1, 38 0.364 20
Walker Creek Brown Fry 7 0.444 + 0.568*loge(MAD) ‘ 43.4 1,45 0.491 5
Juvenile 7 90.595 + 0.537*loge(MAD) - 18.705"loge(Longitude) 27.0 2,48 0.529 9
Adult 7 1.449 + 0.585"loge(MAD) 61.5 1,47 0.567 13
Spawning 7 1.822 + 0.478*loge(MAD) 21.8 1,38 0.364 16
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reached some sort of dynamic equilibrium in response to its flow and sediment regimes,
valley gradient, and underlying soils and geology. Anthropogenic “tinkering” to adjust
stream channels to achieve some perceived desired state will make it extremely difficult
to reliably predict any response by fish to instream flows.

Methods Evaluation

The 1999 Fisheries Monitoring Report for Rush, Lee Vining, Parker and Walker creeks
recommended changes to the fish population estimation methods described in the
White book prepared by the Los Angeles Department of Water and Power (LADWP,
1997). These changes included conducting mark-recapture electrofishing estimates in
all three sections in Rush Creek and the two main channel sample sections in Lee
Vining Creek. Due to the large size of Rush Creek it was also recommended that a
larger generator and electrofishing unit be used to increase sampling efficiencies.

All of the recommended methods changes were implemented in 2000. We believe that
these new methods improved population estimates; however, we found it difficult to
maintain block nets in the Upper Rush Creek Section.

The qualitative sampling of a short section of the Grant Lake ditch conducted in 2000
raises several questions. As reported earlier, a disproportionate number of large brown
trout were captured in the ditch when compared with the rest of Rush Creek. The deep,
‘cool, low velocity water and cover provided by the beds of elodea provide excellent
habitat for large brown trout. Do these fish reside in the ditch year round? How does
the presence of these fish in the ditch affect our evaluation of whether Rush Creek
meets the termination criteria, particularly if these fish are distributed in Rush Creek
during other times of the year?

. The 1999 and 2000 sampling indicates there is tremendous reproduction in these
streams. The data also reveals that there is considerable mortality between young-of-
the-year and Age 1. One likely source of mortality is the severe winter conditions found
in these high elevation streams. The best way to determine this is to sample the fish
populations in the early spring to evaluate the impact of winter on the age class.

We propose to conduct sampling of the ditch and Rush Creek during early March 2001-
to help answer these questions. We hypothesize that the thick beds of elodea will have
winterkilled, forcing most of the larger brown trout to migrate out of the ditch to seek
cover in the main creek. Our sampling of the ditch will test this hypothesis. We will also
conduct reconnaissance level electrofishing sampling of the upper, lower and country
road sections of Rush Creek to determine relative abundance of the young-of-the-year
following the winter. Finally we propose to tag those fish 200 mm (8 inches) and longer.
Angler returns of these tagged fish, as well as results of our fall sampling, will help
document the movements of brown trout in Rush Creek. We also suggest adding the
ditch as a permanent population monitoring site.
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Termination Criteria

The agreed upon termination criterion for Lee Vining Creek is sustained catchable
brown trout averaging 8-10 inches in length with some trout reaching 13 to 15 inches.
Our sampling yielded 18 trout greater than 8 inches (~ 200 mm) per 100 m of channel in
the upper main section (41 brown trout and 19 rainbow trout for the 330 m long section),
15 per 100 m in the upper side channel (A-4; 7 brown trout and 24 rainbow trout for the
201 m long section), 21 per 100 m in the lower main (39 brown trout and about 1
rainbow trout for the 187 m long section), and 5 per 100 m in the lower side channel (B-
1; 6 brown trout and 3 rainbow trout for the 189 m long section). These numbers are
much higher than the 7 trout greater than 8 inches per 100 meters in the upper section
and 6 per 100 meters in the lower section last year. The only captured trout that
exceeded 13 inches were four rainbow trout captured in the upper main channel and
two rainbow trout captured in the upper side channel that ranged in length from 338 to
390 mm (13.3 — 15.4 inches). A few of these larger rainbow trout were identified as
being of hatchery origin based on observed fin erosion. We do not believe that these
numbers indicate the stream is meeting the termination criterion. Given the available
habitat we hypothesize that this stream cannot support much higher densities of 8 inch.
Additional sampling and literature review will be conducted to investigate this
hypothesis. : :

consistently produced brown trout weighing 0.75 to 2 pounds. Trout averaging 13 to 14
inches were also regularly observed. We only captured on brown trout in Rush Creek
that met this criterion, a 366 mm (14.4 inch) brown trout captured in the upper section.
However, four brown trout exceeding 14 inches (range: 368-509 mm or 14 4-20.0
inches) were collected in the ditch.

Recommended Termination Criteria

The 1999 report noted that there is virtually no data available that provides an accurate
picture of the trout populations that these streams supported on a self-sustaining basis
prior to 1941. We recommended that additional fish population data be collected from
these streams for several years until we have a suitable amount of data upon which to
base additional quantitative termination criteria. This continues to be our
recommendation.

’ The agreed upon termination criterion for Rush Creek states that Rush Creek fairly
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1. MONITORING ACTIVITIES FOR RUNOFF YEAR 2000 - 2001

1.1. Introduction

Runoff Year 2000 - 2001 was officially the second year of monitoring as stipulated in SWRCB Order 98-
05, but in fact represents the fourth consecutive year in which geomorphic and hydrologic data have been
collected at established monitoring sites. Our monitoring program continued at three primary sites on
Rush Creek, including Upper Rush, Lower Rush, and County Road sites (Figures 1 and 2), with
additional observations and data collection at the re-watered channel near the Old 395 Bridge, the
Yellowbird Channel site, and the 3D and Channel-2 sites. Monitoring on Lee Vining Creek continued at
the Upper Main and A4 channels, and the Lower Main and B-1 channels. Monitoring at Parker Creek
and Walker Creek sites also continued. Runoff-Year 2000 - 2001 had below “average” conditions.
Because much of our geomorphic monitoring focuses on the role of floods in forming and maintaining
geomorphic processes and alluvial features, monitoring was tailored to respond to the limited spring
snowmelt peak flood.

1.2. Hydrology

1.2.1. Annual hydrographs .
Annual hydrographs of daily average flows at LADWP gaging stations were plotted for Rush, Lee
Vining, Parker, and Walker creeks (Figures 3 to 6) for Runoff Year 2000 - 2001. Annual hydrographs for
Lee Vining Creek at the Intake (LADWP Gaging Sta. No. 5009) depict daily average flows through our
Upper Lee Vining Creek and Lower Lee Vining Creek study sites. Annual hydrographs are available (or
reconstructed) at four locations along Rush Creek: Rush Creek Unimpaired, Rush Creek at the Dam site,
Rush Creek below the Return Ditch, and Rush Creek below the Narrows. Rush Creek Unimpaired Annual
Hydrographs are synthetic, or computed natural flows, and represent discharge at the Dam Site if no
regulation from SCE or LADWP occurred. Rush Creek Dam Site gaging station represents Rush Creek
flows impaired by Southern California Edison (SCE) regulation only, contrasted to Rush Creek below the
Return Ditch gaging site that represents impaired flow conditions. Rush Creek below the Narrows Annual
hydrographs are synthetic: daily average discharges were derived by adding the gaging data for Rush
Creek below the Return ditch (LADWP Gaging Sta. No. RCBR), to Walker Creek (LADWP Gaging Sta.
No. 5002) and Parker Creek (LADWP Gaging Sta. No. 5003). Rush Creek below the Return Ditch
provides the best discharge estimate through our Upper Rush Creek Study Site while Rush Creek below
the Narrows provides the best daily average discharge estimate through our Lower Rush Creek and Rush
Creek County Road study sites.

1.2.2. Snowmelt peak flow evaluation
Spring runoff magnitudes during Runoff Year 2000 - 2001 were similar to Runoff Year 1999 - 2000 peak
runoff magnitudes (Table 1). Lee Vining Creek peaked at 288 cfs on May 28, 2000, with a recurrence
interval of 1.72 yrs (unimpaired record), compared to 1.58 years in 1999, or 3.1 years on the impaired
period of record. The unimpaired,computed. natural flow at Grant Lake Dam Site was approximately 502
cfs, equating to a 2.3-year flood on the unimpaired record (approximately the mean annual flood) and
would have been an 11.6-year flood for the regulated period of record. Peak annual runoff above the
Dam Site (inflow into Grant Lake) was 372 cfs on June 20, 2000. The peak daily average release into
Rush Creek via the Return Ditch was 204 cfs (nearly identical to the previous year’s peak of 201 cfs). The
synthetic peak discharge for Rush Creek below the Narrows was 284 cfs on July 1, 2000, representing
peak flow in Lower Rush Creek and County Road study sites.
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1.2.3. Synoptic streamflow gaging
During runoff year 2000, discharge measurements were collected several times to continue observations
on flow proportions in multiple channels. These measurements were made at the Lower Rush Creek reach
in two locations: in the 10-Channel at the Valley-wide cross section (next to the piezometer), and in the
mainstem at XS -9+82 downstream of the 10-Channel return. This allowed calculation of the flow
proportion in the main channel through the planmapped reach. In Lee Vining Creek, discharge was
measured in the main channel at XS 3+45, in the B-Connector channel (next to staff plate), and in the B-1
Channel at XS 6+08. This allowed calculation of the discharge in the A4 Channel upstream of the B-
Connector return channel. Flows were measured on the following days during the specified conditions:

Lower Rush Creek: October 7, 1999 during fall low flow conditions (44.7 cfs);
June 14, 2000 during the ascending limb of the spring runoff (90.3 cfs);

Lee Vining Creek: October 8, 1999 during fall low flow conditions (25.6 cfs);
June 1, 2000 during the ascending limb of the spring runoff (179.2 cfs);
June 2, 2000 during the ascending limb of the spring runoff (182.1 cfs);

1.2.4. Lower Rush Creek gaging station
During late summer, we scoped out a location on the lower Rush Creek mainstem suitable for a
continuously recording gaging station. The site was selected at the Count Road culvert crossing to allow
year-round access to the gaging equipment (Figure 7). Our strategy is to employ temporary streamflow
monitoring equipment until we determine that the site is suitable for the construction and operation of a
permanent, long-term gage house. In November, we installed a GLOBAL WATER WL-14 WATER LEVEL
LOGGER in a galvanized steel housing, attached to the concrete bridge abutment on the downstream, right
bank of the abutment. The housing has a lid attached by a hinge, held closed by a padlock. The water
level logger combines a water level sensor (pressure transducer) with a datalogger, and requires
development of a stage-discharge rating curve to relate water level to discharge. Two three-foot sections
of staff plate were placed near the water level sensor on the right bank, in the large plunge pool below the
culvert. A cross section was installed in the straight section of creek upstream of the culvert as a long-
term site for discharge measurements. A single discharge measurement was taken following equipment
installation. An additional cross section was installed across the riffle crest of the plunge pool to monitor -
the downstream control of the pool elevation. The logger was calibrated and set to record water stage at
15 minute intervals.
We downloaded the datalogger in March with assistance from the LADWP Mono Basin hydrographers.
These data are not presented, as we do not yet have a complete rating curve developed to convert the
stage recordings to discharge.

1.3. Cross section surveys

Most monitoring cross sections were resurveyed, with surveys limited primarily to the bankfull channel.
Several cross sections were not resurveyed because no observable changes occurred. Cross sections were
plotted with Runoff Year 1999 - 2000 and 2000 - 2001 profiles and water surface stages to highlight
subtle channel changes resulting from peak flows. Previous years’ surveys were omitted for graphic
clarity. Cross section plots are presented in Appendix A. Aluminum tags have been placed on all
permanent rebar pins, specifying the cross section number and the newly acquired elevation (based on
NADV, ft). Wood stakes were also replaced, marking cross section pin locations.

Figures 8 to 13 provide examples of minor channel changes documented by cross section surveys.. At
Lower Rush Creek XS 7+25 (Figure 8, valley-wide cross section), the spring peak flow (284 cfs) caused
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no additional lateral channel migration, as has occurred during several successive years. However, large
clumps of bank undercut and toppled into the channel during Runoff Year 1999 - 2000 were nearly
completely scoured away in Runoff Year 2000 - 2001. Downstream at XS 03+30, this active section of
channel showed only minor channel adjustments (Figure 9). At the County Road XS 02+17 (Figure 10),
the right bank was undercut and slumped into the channel. Upper Rush Creek (peak discharge = 204 cfs)
recorded essentially no change.. In Lee Vining Creek, the upper A4 channel was more active than the
mainstem,; the right bank of the A4 Channel XS 05+15 (Figure 11) continued to erode the outside of this
sharp meander bend. Lateral channel migration of nearly 3 ft occurred, accompanied by similar deposition
on the left bank migrating point bar. Several sets of marked rocks were buried during the spring event.
Just downstream at XS 04+04 (Figure 12) the channel thalweg scoured approximately 0.6 ft deeper and
became more defined. Cross sections in the upper mainstem of Lee Vining recorded essentially no
change.. In lower Lee Vining, only XS 0+87 in the lower B-1 channel had notable change (Figure 13),
and this was only slight erosion of the outer bend and deposition on the bar surface. In general, only
channels with more confinement seemed subject to channel changes during low runoff years.For Lower
Rush Creek cross sections, we developed rating curves relating water surface elevation (stage height) to
discharge (Appendix A). Linear regressions of these curves predict discharge from stage height, and in
some cases revealed a change in the stage-discharge relationship.

1.4. Headcutting in Lower Lee Vining Creek

We surveyed the thalweg of the Lower Lee Vining B-1 channel from the bottom of our planmapped reach
downstream 560 ft to the confluence with the main channel (Figure 14). The main channel has migrating
headcuts rapidly translating upstream through the mainstem and all secondary channels that will soon
propagate through our lower planmapping reach. The cause for this recent headcut is the blow-out of the
County Road crossing downstream. We want to be able to distinguish changes in planform morphology
(in the Lower Lee Vining planmap site) attributable to fluvial processes from changes induced by
headcutting.

1.5. Bed mobility

We continued bed mobility experiments at cross sections and other selected locations during peak flows.
Before snowmelt runoff began, we reset all tracer rock and scour core experiments. We performed 100
rock pebble counts at all marked rock stations to observe if the bed substrate composition had changed
from previous pebble counts. Tracer rocks were then re-selected based on new particle size calculations
(or re-used if no changes were observed), repainted, and placed in the channel. Scour cores were also
relocated, the surface layer removed to expose the painted tracer rock, and core topped off with freshly
painted tracer gravel to the level of the surrounding substrate.

Following the peak spring snowmelt floods, we examined each marked rock and scour core cross section
to observe tracer rock movement and scour depth. Tracer rocks were assumed to have moved if
they were farther than one foot from the original cross section location. Tracerked rocks relocated
downstream were measured for their size and distance moved.

In general, only minor channel bed scour occurred. Most scour core experiments were recovered in the
same condition in which they were installed, i.e., no scour of the tracer rocks and no subsequent
deposition. In Rush Creek, with peak flows in the upper/lower reaches of 204/284 cfs, the maximum
scour recorded was 0.10 ft at XS 12+95, which is a steep, fast riffle at the upstream end of the Upper
Rush Creek study reach. Table 2 summarizes the results of scour core experiments in upper and lower
Rush Creek study sites. In Lee Vining Creek, peak flows were 288 cfs. Scour was also minimal at all
cross section stations. The maximum scour was 0.24 ft, recorded in a very active fine gravel eddy deposit
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at XS 10+44. All other scour cores recorded less than 0.1 ft of scour. Table 3 summarizes results of scour
core experiments in Lee Vining Creek.

The tracer rock experiments were intended to target thresholds for mobilization of surface particles; these
experiments respond at lower peak flows than do the scour cores. On Rush Creek, tracer rock experiments
ranged from no rock movement at stations out of the low-water channel, to moderate rock movement
within the active channel. Table 4 summarizes results for all cross sections. XS —9+82 at the Lower Rush
Creek study site is a good example of surface particle mobilization. This cross section is located below
the return of the 10-Channel and therefore received the entire peak discharge magnitude of approximately
284 cfs. The tracer rocks were placed on a lateral bar developing in-channel. The cross section has
relatively good channel confinement, and has been developing a more complex channel cross section in
successive years. One D84 moved 2 ft downstream; 7 of 11 D50’s, and 10 of 11 D31°s moved. Tracer
rocks near the thalweg moved more readily than those near the right bank, toward the backside of the
developing bar. Thus, mobilization thresholds are lower near the thalweg at this cross section, and
increase progressively toward the channel banks. The peak flood of 284 cfs could not mobilize the entire
bed at XS —9+82. The “in-channel” tracer rocks at XS 7+70 showed similar results, with 5, 7, and 10 of
10 tracer rocks moving of the Dy, D5, and Dg, size classes, respectively, many 60 to 80 ft downstream.
In the Upper Rush Creek site, with peak flow of 201 cfs, few tracer rocks were mobilized. At the (new)
Rush Creek County Road site, the riffle at XS 15+19, had 1, 7, and 9 of the 12 Dg,’s, Dsy’s, and Dj,’s,
respectively, move downstream.

In Lee Vining Creek, results of tracer rock experiments were similar to Rush Creek. Table 5 summarizes
results for all cross sections. In general, tracer rocks (Dss’s) were too large to be mobilized by the peak
flow, but many intermediate and smaller rock sizes were transported short distances downstream. In the
upper mainstem, the most rock movement was recorded at XS 9+31, which traverses a high-gradient
riffle. Other cross sections showed little or no tracer rock mobilization. In the A4 Channel, intermediate
and large rock sizes at cross sections 4+04 and 5+15 were not mobilized, and less than 40% of the Ds,’s
were transported. The point bar at A-4 Channel XS 5+15 continued to aggrade the left bank point bar
while eroding the outside meander bend; this process mobilized tracer rocks in-channel, and buried rocks
along the point bar margin. In the upper B-1 Channel, placement of the root-wad in the channel just
downstream of XS 6+08 created a backwater that altered hydraulics at the cross section; larger tracer
rocks were not mobilized by 288 cfs (in 1999 274 cfs moved 60% of Ds,’s and Dsy’s), but 100% of the
D;, rocks were mobilized. In lower Lee Vining, the most active channel was again the B-1 side channel
(similar to the A-4 Channel upstream), in which cross sections 0+87 and 1+80 had near complete
mobilization (83%) of the Dsy’s and Dj,’s, and 50% of the Ds,4’s. Several tracer rocks were relocated 100+
ft downstream. The lower LVC main channel XS 1+15 had minor tracer rock mobilization.

1.6. Planmapping

Planmapping documents morphological changes in the channel planform resulting (primarily) from
annual peak flood events. Relatively low spring snowmelt runoff in Runoff Year 2000 - 2001resulted in
minor planform changes in the monitoring sections. However, we observed several specific locations
where minor planform channel adjustments occurred. At the Lower Rush Creek site, the 10-Channel has
gradually captured more flow since its opening, and will likely continue this trend as a result of future
high flow events. The entrance to the mainstem channel upstream of the planmapped reach continued to
aggrade, forming a bar on the left bank that now blocks most flow from entering the main channel. This
bar forces flow in two directions.First, upstream through the left bank willow thicket behind the forming
bar, and then back into the existing main channel, directly down the 10-Channel. The thalweg where the
10-Channel splits from the main channel downcut (at least one foot) allows the 10-Channel to capture
more flow. Further planform adjustment in this reach is likely in the next several years. A short distance
downstream (~300 ft), the 10-Channel splits again; the left channel carries flow back to the main channel
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and the right channel continues as the 10-Channel proper. The entrance to the “10-Return Channel” that
carries flow back to the mainstem also aggraded. A medial bar is forming at the entrance to the 10-Return
Channel (XS-A, Figure 15) that may eventually block flow from returning to the main channel. This
change is apparent in the air photo (Figure 16), showing the alternate bar sequence forming in the upper
10-Channel. Downstream of the 10-Return Channel split, increased flow during the past several years has
lead to noticeable changes in the upper portion of the 10-Channel: the thalweg profile has increased in
complexity, channel sinuosity is becoming apparent, bank erosion is occurring opposite the right bank
bar, deposition on the downstream margin of the left bank bar, and the channelbed is coarsening. We
began monitoring this reach more closely by installing two cross sections and a tracer rock set; additional
data (planmaps, surveys, pebble counts) will be collected in Runoff Year 2001 - 2002 to better document
changes.

In the lower Rush Creek planmapped reach, the meander cutoff adjacent the large lateral bar downstream
of XS 7+25 also could capture more flow, as the channel continues to erode the outside meander bend.
This could result in loss of the channel segment from XS 7+25 downstream to XS 0+86, similar in length
to the “million-dollar-bend” meander cutoff. At Lee Vining Creek, minor planform adjustments occurred
at two similar sites on wide meander bends on the A-4 channel (XS 5+15) and B-1 channel (XS 1+15).
Both sites are steadily eroding the right bank, building left bank point bars, and deepening associated
comer pools.

1.7. Termination criteria

SWRCB Order 98-08 establishes seven termination criteria for determining when the stream monitoring
program may be terminated. In McBain and Trush (2000), these criteria were reviewed following one
formal year and two informal years of monitoring. Given the low peak discharges in Water Year 2000
(October 1999 through September 2000), we expected to find no measurable changes in gross fluvial
processes capable of affecting the geomorphic termination criteria presented in McBain and Trush (2000).
The summer’2000 field data for channelbed scour and mobility corroborate this finding (presented in this
annual report). Vegetation surveys, for assessing the riparian vegetation termination criteria, were
postponed until this field season (summer’2001) due to last year’s contracting delay. Termination criteria
addressing fish populations are addressed in Chris Hunter’s Runoff Season 2000 annual report.

2. AUGMENTATION OF RUSH CREEK PEAK FLOWS

Runoff Years 1999 - 2000 and 2000 - 2001 were “average™ hydrologic years. Spring snowmelt runoff in
Rush Creek during these years had unregulated peak flows of approximately 405 cfs and 502 cfs, with
associated recurrence intervals of 1.5 years and 2.3 years'. However, the flow volume required to fill
Grant Lake (total capacity = 47,500 acre feet), combined with SCE power generation operations in the
upper watershed, significantly dampened the actual peak flow magnitudes downstream of Grant Reservoir
and below the Narrows. Peak discharges were 201 cfs and 204 cfs at Rush Creek below Return Ditch in
1999 and 2000, respectively, and 247 and 284 cfs below the Narrows. Alteration in magnitude and timing
of flow peaks impacted critical processes in Rush Creek: bed mobility and scour, riparian plant
regeneration, and floodplain construction.

1 Actual Rush Creek peak flows at Grant Reservoir (RCR), which account for only SCE operations were 222 cfs
and 372 cfs in 1999 and 2000, respectively.
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Data from bed mobility experiments in Rush Creek indicate unregulated peak flows would have exceeded
critical thresholds for surface particle mobility and scour during the past two years. In Lower Rush Creek,
for example, peak discharge exceeding the 400 to 500 cfs range mobilized approximately 80 to 100% of
the Dy, tracer rocks at XS 10+10 (Figure 17) in the active channel (excludes tracer rocks on floodplain
surfaces), and resulted in average scour depths of 91 mm at lower Rush Creek cross sections, and
maximum scour depths ranging up to 190 mm. This depth of scour equates to more than 3 times the Dg4
particle size of 62 mm at XS 10+10. Peak flows were reduced approximately 60% by SCE and Grant
Lake regulation (Figure 3), which resulted in substantially lower bed mobility. At Lower Rush Creek
cross sections, the 200 to 210 cfs flow range achieved only partial bed mobility: only 0-20% of Dg, tracers
were mobilized at several cross sections and only 30-60% of Ds, tracer movement occurred at the more
active alluvial features. Depth of scour, averaged over all monitoring stations was barely measurable at 3
mm in Lower Rush Creek.

The peak magnitude andtiming, the rate of spring snowmelt recession, and the timing of seed dispersal are
primary factors influencing riparian vegetation along Rush and Lee Vining creeks. In spring, seeds
require suitable substrate with adequate soil moisture to germinate (Figure 18). Seedling root growth must
then keep pace with drawdown (recession) in the groundwater table to avoid desiccation. These specific
environmental conditions are typically provided each year only during a short “window of opportunity.”
Survival during successive years’ growth cycles to reach sexual maturity also requires that plants initiate
on depositional surfaces high enough to survive scouring flows and extended inundation. This complex
set of partially conflicting requirements (germination at lower elevations to avoid desiccation but
establishment on higher elevations to avoid scour and inundation), combined with broad differences in
species-specific phenology?, physiologic tolerances, and anatomy, determines the regeneration success of
each riparian species. Because these factors are not ideal in all runoff years, successful recruitment to
sexual maturity may occur only sporadically, perhaps once every 10 to 15 years or longer.

We observed poor recruitment of younger age classes of cottonwood along Rush Creek compared to Lee
Vining Creek, suggesting that one or several conditions required for successful germination and initiation
are not being met. Delays in the timing of the snowmelt peak caused by SCE and Grant Lake regulation
(approximately two week lag), and the subsequent rate of recession, may significantly reduce or eliminate
successful recruitment of cottonwoods. Additionally, the magnitude of the peak, even if timed to
correspond to seed dispersal period, may be too small in many water year types to promote cottonwood
germination in suitable floodplain locations. In addition to preventing cottonwood recruitment in suitable
locations, alterations to the snowmelt peak and recession may also preferentially select species better
adapted to germinate and survive on lower-elevation geomorphic surfaces, such as narrowleaf willow.

As provided in the SWRCB order,

In this Runoff Year 2000 report we present preliminary information discussing the potential for
augmenting Rush Creek peak flows. The only “place” to obtain a significant volume of flow from Lee
Vining Creek is from the spring snowmelt hydrograph. Our investigations in Mono Basin tributaries and
other river systems suggest that certain components of the snowmelt hydrograph, specifically the peak
magnitude and timing, and the ramping rate of the descending limb of the hydrograph are vitally
important hydrograph components, necessary to promote and sustain critical geomorphic and riparian
vegetation processes.

2 Phenology is the annual cycle of bud swelling in spring, duration of flowering, length of time for fruit
development, period of seed dispersal, timing of leaf abscission, and length of dormancy .
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We are therefore considering the benefits and impacts of diverting flows from the ascending limb of the
Lee Vining snowmelt hydrograph to augment the Rush Creek peak. We evaluated the volume of water
available from this portion of the hydrograph using the past six water years, Runoff Years 1995 to-2000.
For this evaluation, we imposed a “window of diversion” above and below which no diversion was

allowed. This diversion window would protect baseflow requirements as well as preserve the entire peak

magnitude and recession. For example, a “50/200 cfs window” would allow diversion only when ‘Lee
Vining Creek at Intake’ streamflows exceeded 50 cfs, and diversion would cease when flows exceeded
200 cfs (Figures 19-23). We also imposed a condition that diversion would occur only after March 31,
and would cease when (1) flows exceeded the threshold and (2) the annual peak flow was eminent.
Finally, we maintained the SWRCB limit of 150 cfs diversion. Our preliminary evaluation showed that a
substantial volume of water would be available in most water years. Using the example above of a 50/200
cfs window, the average annual diversion exceeds 4,000 af (Table 6). Reducing the baseflow (but
maintaining the 150 cfs cap on diversions) provided more water for diversion, ranging from 4,600 af to
5,300 af, with 40/190 cfs and 30/180 cfs diversion windows, respectively. Last, stretching the 150 cfs
limit of diversion to a 30/200 cfs window provided more than 6,000 af of average annual diversion.

Two options exist for augmenting flows to Rush Creek: direct or indirect augmentation. Indirect
augmentation would transport the diverted water into Grant Lake to augment the reservoir elevation and
eventually cause the reservoir to “fill and spill.” This alternative would provide better management of
diversion from Lee Vining (i.e., reduced risk of impacting the Lee Vining Creek peak), because diversion
could minimize impacts to the Lee Vining Creek snowmelt hydrograph by diverting during the ascending
limb before the peak occurred. This alternative would therefore maximize the volume of water sent to
Rush Creek, and might achieve a higher peak flow (compared to direct augmentation), because a Grant
Lake spill could be supplemented with the maximum release from the Rush Creek Ditch and could also
correspond with Walker and Parker peak flows. However, diversion to Grant Lake would provide less
control over the timing of the peak in Rush Creek. Grant Lake storage capacity is 47,575 af, and carry-
over capacity from winter usually ranges above 35,000 af. Adding 4,000 to 8,000 af of water to Grant
Lake during the early snowmelt period, combined with steadily increasing Rush Creek runoff during this
same period, could allow the reservoir to spill, but the timing of the peak would still depend on the Rush
Creek runoff regulated by SCE, and on filling Grant Lake.

Direct augmentation option would release up to 150 cfs from Lee Vining Creek directly into Rush Creek
via the siphon and conduit. Direct augmentation could supplement releases from the Rush Creek Return
Ditch to achieve a slightly higher peak, but provide much better control of the peak timing. The maximum
capacity of the Rush Creek Return Ditch is presently 160 cfs (Steve McBain, personal communication),
so higher peaks require spilling the reservoir. This flow (160 cfs), supplemented with the Lee Vining
Creek diversion of 150 cfs maximum, may not achieve the magnitude of flows required for channel
maintenance. Maximum peak flows from this operation scenario likely would not exceed 350 cfs above
the Narrows and 420 cfs below the Narrows, if timed to correspond to Parker and Walker Creek peaks.
But with the capacity of the Rush Creek Return Ditch enlarged (as planned by LADWP) to convey up to
380 cfs, maximum peak flows achievable by direct augmentation could reach approximately 500 and 570
cfs above and below the Narrows (timed with Parker and Walker peaks). This scenario could then provide
flows in the range of bankfull discharge, and greater, with some operational control over the timing of the
peak. LADWP indicated a preference for the direct augmentation option (Steve McBain, personal
communication).

To further evaluate these peak flow augmentation alternatives and their effects on Rush and Lee Vining
creeks, we will integrate the following information for the next annual report:

» dates of unregulated peak flows on Rush, Parker, Walker, and Lee Vining creeks;

» data on carry-over storage in Grant Reservoir (modeled or post-Settlement Agreement data);



MONITORING RESULTS AND ANALYSES FOR WY2000: LEE VINING, RUSH, PARKER AND WALKER CREEKS
MCBAIN AND TRUSH
MARCH 2001

» evaluation of the feasibility and risks of diverting during the ascending limb of Lee Vining Creek
hydrograph to avoid eliminating the Lee Vining Creek peak event;

= cottonwood phenology (duration and peak of seed release) on Rush Creek;

" requirements to attain 150 cfs conveyance capacity in the Rush Creek siphon;

3. SIDE CHANNEL MANAGEMENT

A policy and/or adaptive management plan for all side channel construction and maintenance in the Rush
Creek and Lee Vining Creek valley bottomlands is still under review. On Lee Vining Creek we propose
continued maintenance only of the A4 channel. The B1 connector is filling-in with sand and probably will
prevent the exchange of baseflows between the mainstern and A4 channels in the near future. The Mono
Lake Committee, LADWP, and Hunter/Trush at the November 2000 meeting recommended Channel 11
and 14 not be re-opened at present. Because of the significant downcutting (induced by lake lowering),
these former channelbeds are perched several feet above the contemporary channelbed. The Channel 13-
14 complex is unique. Fortunately (though this windfall is temporary), the waterfall at the downstream
end of thel0-Channel now diverts several cfs against the right bank valley wall. This flow then enters a
maze of small distributaries threading the Channel 13 floodplain/terrace.

Other side channels in the Rush Creek bottomlands, 1A, 4bii, and 8, are slated for re-opening in SWRCB
Order 98-05, but may not be warranted. The lack of high flows routed down the Mono Ditch has seriously
hampered our investigation of how side-channels and their entrances function. This summer we will
collect additional information, then present our findings during a field meeting in early-September to
discuss management options. If earth-moving is recommended, it can be completed well before winter
sets-in because the construction work would require only a few days (pending permitting). If additional
monitoring is warranted (e.g., more flood effects must be monitored), the nature and quantitative purpose
of recommended monitoring can be established.

4. RUSH CREEK 3D CHANNEL RECONSTRUCTION

Two earlier visions of restoring the 3D Channel just upstream of the Narrows on Rush Creek (before the
SWRCB Order) were drafted. The RTC Scientist’s Work Plan (October Draft 1995, p.80) states: The
abandoned east-side channel in Reach 3D, extending from elevation 6,639 to 6,614 shall be reconfigured
and rewatered. This channel should be restored as the main channel and only 5 cfs designed to flow down
the present main channel when flows in Rush Creek are 47 cfs below Grant Dam. The Mono Basin
Stream Restoration Plan (LADWP December 1, 1995, p.35) states: The abandoned east side channel in
Reach 3D, extending from elevation 6639 to 6614, will be rewatered. Initial rewatering will divert
approximately 15 cfs of the main channel flow. Any future increases in flow will be staged over a
minimum of 5 years to allow for riparian re-establishment and prevention of excessive erosion. The
degree of diverted flows will depend upon channel readiness. Increased stream length, decreased
gradient (hence decreased stream power), and increased fisheries habitat are anticipated. However, if
major reconstruction of the existing or proposed channel is required to enable this diversion to operate,
the proposal may not be adopted. The desire is to open the channel entrance and let flow create the
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habitat. Both advocate eventual relocation from the present mainstem (near the left valley wall) to the
former channel along the opposite valley wall.

In late 2000, we surveyed thalweg profiles down the present and former mainstem of Reach 3D to
estimate the volume of excavated material needed to re-water the former channel (Figure 24). Today’s
mainstem channel is exhibiting limited signs of initial meandering, although the last few annual
hydrographs have not exceeded threshold flows necessary to continue this trend. In the November 2000
meeting in Sacramento, another restoration option for Reach 3D was considered: keep the channel where
it is and monitor whether the annual hydrograph could increase channel sinuosity and improve pool
depths. Limited flows still could be diverted into the former mainstem channel (i.e., toward the south
valley wall) to stimulate woody riparian vegetation. But a wholesale channel reconstruction may not be
necessary. The November meeting ended with the goal of exploring all options. We are scheduled to
revisit the 3D Channel in early May, and again in June if necessary, to quantify all potential
reconstruction options. A brief report on these options will be distributed to concerned parties. The field
trip proposed for examining multiple side channels will double as a site inspection of the 3D Channel.
Depending on the outcome, and approval by SWRCB, the actual construction (if necessary) could still be
completed before winter or, if the recommendation requires reconstruction of the former mainstemn, may
have to wait until next year.

5. PROPOSED REVEGETATION ON RUSH CREEK BELOW NARROWS

Jeffery pine plantings have been proposed for an area along Rush Creek just downstream of the Narrows
(Figure 25). Portions of the proposed site may not be suitable for planting. The geomorphic unit mapping
indicates that most of the proposed area is middle to higher terrace, with only a small area closer to the
creek low terrace (Figure 26). Minor or no flooding, shallow groundwater tables, and sandy substrates
have previously been identified as site characteristics leading to successful Jeffrey pine plantings. Much
of the proposed site is significantly higher than the streambed, consists of coarse substrate, and is densely
covered by sagebrush. Other areas have finer, sandy substrates and is covered with rabbit brush. Areas
farther from the channel, consisting of sand, are the most suitable sites for Jeffery pine plantings.

5.1. Pilot project

Since restoration efforts began in the early 1990’s, past revegetation efforts have focused on lodgepole
pine, Jeffery pine, and black cottonwood. Planting success has been previously quantified in terms of
survival/mortality only. This pilot project proposes to (1) plant multiple species (Tables 7-8), (2) use new
irrigation techniques, and (3) quantify and evaluate the physical factors that lead to successful plantings.

By increasing the complexity of the project there is a commensurate increase in effort. However, using
small-scale revegetation (+4.0 acres) as a pilot would allow some flexibility to try new approaches
without a big investment. Furthermore, by taking this approach, we could also broaden our understanding
of the revegetation process and identify the factors that lead to successful, cost-effective planting along
the Eastern Sierra.

During the early summer of 2001 we will dig several test pits at the proposed planting area to assess site
suitability. Test pits will be dug to the ground water elevation, and soil stratigraphy will be qualitatively
described. Before the test pits are backfilled, piezometers (groundwater monitoring devices) should be
installed in the test pits to document pre-revegetation groundwater conditions and post revegetation
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conditions. Groundwater proximity to the ground surface is a valuable tool for determining the suitability
of the site for plantingbecause sites with shallow groundwater tables require less irrigation and increase
revegetation success.

5.2. Patch type and locations

Two patch types are proposed for planting in this pilot project: Jeffery pine and black cottonwood patch
types. Both patch types include species common to the Rush Creek riparian corridor and which have been
planted in other areas of the riparian corridor successfully, but are still primarily planted with Jeffery pine
or cottonwood (Tables 7 and 8). This revegetation approach increases riparian corridor vegetation by
planting stand types found within the contemporary and pre-diversion corridor and results in a more
diverse stand structure sooner. Only one age class will be planted however, herbaceous and woody plants
will eventually colonize these surfaces because the maturing plantings will raise the groundwater, modify
the microclimate, deliver leaf litter, and provide a seed source. Eventually when the stream migrates
across this surface, mature Jeffery and lodge pole pine would enter the stream providing a volume of
wood currently unavailable in this reach.

A black cottonwood patch type is proposed for the area next to the creek (see plate titled “Mono Basin
Rush Creek revegetation”). This black cottonwood planting would increase riparian stand continuity and
structural diversity by filling in the sagebrush dominated “gaps” between mixed willow patches. A tree-
dominated stand type adjacent to the mixed willow stands will increase canopy structural diversity
considerably. The close proximity to the channel and a shallow groundwater table in these areas indicate a
high potential for success.

5.3. Implementatién

Early spring plantings are optimal for this revegetation work. Hardwood cuttings can be made and
stockpiled in late winter or fall and stored in a refrigerator until planting. Cuttings should be made just at
the onset of dormancy, or when buds are swelling at the beginning of the growing season. Tree seedlings
are usually available in late May and can be planted anytime during the growing season with irrigation.

There are some mechanistic aspects of the design to consider as well. The planting design must be simple
enough to implement, and yet have a “random” pattern. I propose to use a triangular spacing pattern with
each plant installed either 8 ft or 10 ft on center. If we have considerable flexibility with the folks (i.e.,
Mono Lake Committee or other volunteer groups) that do the plantings, then we can use different
patterns. To determine the number of plants needed for this project, a triangular spacing pattern was
assumed.

All the species proposed for revegetation at this site have been successfully planted at other sites in the
Mono Basin. Hardwood cuttings and tree seedlings provided by the USDA Forest service nursery will be
planted in holes dug by hand. Only the bareroot stock will require irrigation. Plant quantities required for
this revegetation are listed in Tables 7 and 8.

5.4. Irrigation
There is also the consideration of irrigation. For plants that are installed using cuttings, no irrigation will

be required because the cutting will be planted into the ground water table. For plants that are installed
using nursery grown rooted stock, some form of irrigation will be required.
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While traditional irrigation methods (e.g., drip, sprinkler, etc.) are not possible at these sites, there are
potential solutions that could be implemented that would also make planting numerous species more
feasible. Because this project is a pilot, more than one irrigation technique can be used, or multiple types
applied to one plant. The remoteness of the site, proximity of the ground surface to the water table, and
long term release of water to the plant rather than periodic watering are all points to consider when
developing an irrigation system. One potential method is applying hydrated polymer crystals that retain
water mixed into the backfill material when planting rooted stock; this method can be used in conjunction
with other irrigation methods. Once the crystals are dry, however, they provide no water, but will
rehydrate when water is applied. A potential water source is a product called Dri-water, made from water,
cellulose, and aluminum sulfate. A quart container of Dri-water is inserted at the ground surface next to
the plated tree time of planting and slowly releases water to the plant over 90 days. One, 1-quart Dri-
water will supply enough water to a tree seedling for 90 days; two quarts per two year old seedling will be
sufficient irrigation for the first year. A combination of hydrated polymers at the bottom of the hole and
Dri-water at the top encourages roots to grow deeper the first year, potentially to the water table. No
irrigation is proposed after the first year. Figure 25 illustrates the proposed planting scheme.

5.5. Monitoring

The goal is to revegetate where necessary, to improve riparian vegetation coverage and complexity on
geomorphic surfaces that were covered with riparian vegetation but have been converted to rabbit brush
or sagebrush. Monitoring will focus not only on the revegetation success, but also document how
revegetation evolves into a multiage, structurally diverse and species-rich riparian forest.

To evaluate revegetation development, 5 meter radius circular plots will be established within each patch
type planted, and band transects will be used (Bonham 1989, Kent and Coker 1992). Circular plots are
randomly placed within a patch type using CAD software. Within each circular plot, plant species, each
species estimated percent cover, maximum and average height, youngest, and oldest hardwood age, stem
number (for hardwoods < 7.5 cm) and diameter at breast height and stem number (for plants > 7.5 cm)
will be measured. Additionally, permanent 2 meter wide band transects will be sampled along valley wide
cross sections established in alternate bar reaches during geomorphic sampling, and along three cross
sections where piezometers are established (Figure 25). Plant species, estimated plant species cover,
hardwood age class, average and maximum canopy height, substrate transitions, and soil moisture will be
quantified during band transect sampling.

A cost estimate has not been developed for this project because several factors are uncertain
(e.g.,irrigation, who will implement the project, extent of monitoring etc.). However this next season we
will be working closely with LADWP to develop a comprehensive cost estimate so the project may be
implemented in late spring of 2002.

6. ANTICIPATED MONITORING ACTIVITIES DURING RUNOFF
YEAR 2001 - 2002

The following activities are referenced by fiscal year, as presented in our Scope of Work. FY 2002 begins
July 1, 2001 and ends June 30, 2002.

Task A. Aerial Photography and Orthorectification are being managed by LADWP staff and contractors.
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Task B. Channelbed Monitoring and Planmapping in Rush, Lee Vining, Parker, and Walker study sites
will continue in Runoff Year 2001 - 2002. The spring snowmelt runoff is not anticipated to be large,
likely in the range of flows observed the past two years. However, documenting subtle changes in
geomorphic conditions are central to our monitoring activities. We will survey the Rush Creek 4C
thalweg, and potentially other reaches that manifest dynamic thalweg changes, including reaches in Lee
Vining Creek with migrating headcuts.

Task C. Synoptic Streamflow Gaging. Development of stage-discharge rating curves for Rush Creek in
the Runoff Year 2000 report indicated that changes in cross section morphology are slowly shifting rating
curve relationships. We will continue to measure streamflows in primary and secondary channels to
document streamflow allocations. Additionally, we will attempt to measure spring snowmelt peaks in the
field to better evaluate flow proportions during spring peaks.

Task D. Lower Rush Creek gaging station. We will continue to collect data from the WaterLevel Logger,
and measure streamflow to develop a rating curve for this station in cooperation with LADWP staff.
Upon evaluation of the quality of data at this site, we will proceed with developing plans and a budget for
constructing a real-time gaging station in lower Rush Creek. Construction could proceed this year.

Task E. Riparian Monitoring and Assessment. Task E-1 (species composition and relative abundances on
geomorphic surfaces, and Task E-2 (quantify age and size-class distributions for riparian tree
communities) will be completed in Runoff Year 2001 - 2002. Task E-3 may be initiated, depending on

. staff time availability. The Task E-4 budget will be applied to purchase equipment and develop a study
plan, then follow with implementation.

The Rush Creek bottomlands do not have the younger age classes of cottonwoods characteristic of lower
Lee Vining Creek. Although our results are preliminary, a two-week lag between the earlier snowmelt
floods of Lee Vining Creek relative to Rush Creek’s snowmelt floods may be eliminating successful
black cottonwood recruitment in the Rush Creek bottomlands. We will: (1) evaluate the phenology of
black cottonwood (timing of each life history stage) for both streams, (2) investigate potential limiting
factors (e.g., cottonwood demographics, seed and nursery site availability), and (3) apply a model similar
to the Mahoney and Rood (1998) recruitment box to assess interrelationships of flow timing and stream
channel hydraulic geometry.

Task F. Channel Construction Projects. As elaborated above, we will prepare a technical memorandum
for distribution during mid-summer describing alternative restoration strategies for the Rush Creek 3D
Channel above the Narrows. We will then proceed with development of detailed implementation plan.

Task G. Stream Channel Dynamics. We will continue channelbed mobility, floodplain deposition, and
scour experiments at all monitoring stations.

Task H. Annual Report. Activities will include preparation of an annual report, with DRAFT copy
completed by March 01, 2002.

Task I. Meetings and Environmental Review. This activity will continue according to planned meetings.
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Figure 3. Runoff season 2000 daily average annual hydrograph for Rush Creek.
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Figure 4. Runoff season 2000 daily average annual hydrograph for Lee Vining Creek.
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Figure 5. Runoff season 2000 daily average annual hydrograph for Parker Creek.
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Figure 7. Rush Creek gaging station installation at the County Road culvert.
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Figure 11. Upper Lee Vining Creek A-4 Site XS 05+15.
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Figure 12. Upper Lee Vining Creek A-4 Site XS 04+04.
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Figure 17. Tracer rock measurements at Lower Rush Creek XS 10+10.
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Figure 18. Riparian hardwood species life cycle.
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Figure 19. Runoff Season 1996 hypothetical diversion from Lee Vining Creek spring snowmelt hydrograph to augment Rush Creek
peak flows.
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peak flows,
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Figure 17. Tracer rock measurements at Lower Rush Creek XS 10+10.
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Figure 21. Runoff Season 1998 hypothetical diversion from Lee Vining Creek spring snowmelt hydrograph to augment Rush Creek
peak flows.
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Figure 22. Runoff Season 1999 hypothetical diversion from Lee Vining Creek spring snowmelt hydrograph to augment Rush Creek
peak flows.
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Figure 23. Runoff Season 2000 hypothetical diversion from Lee Vining Creek spring snowmelt hydrograph to augment Rush Creek
peak flows.
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Table 1. Summary of peak flow magnitudes, dates, and recurrence intervals for Rush Lee Vining, Parker, and Walker creeks.

Recurrence Interval- Recurrence Interval-

j Instant
Pealf Daily Average  Ins .an aneous Peak Peak Date  Unimpaired Record Regulated Record 19,99 Peak
Discharge (cfs) Discharge (cfs) 4 Discharge
Stati (rs) s (vrs) ¢
tation
Rush Creek Unimpaired 502 20-Jun-00 23 11.6 405
Rush Creck at Damsite (5013) 372 381 20-Jun-00 1.3 59 266
Grant Lake Release to Mono Lake (GLRML) 204 30-Jun-00 0.6 1.9 201
Rush Creek blw Narrows (unimpaired) , 582
Rush Creek blw Narrows (actual) 5 284 1-Jul-00 247
Lee Vining Creek at Intake (5009) 258 288 28-May-00 1.7 3.1 274
Parker Creek (5003) 49 52.4 25-Jun-00 29 52
Walker Creek (5002) 31 323 28-May-00 2 30

; Computed natural flows, assuming no flow regulation;

, Computed by adding Rush Creek Unimpaired-+Parker+Walker;

5 Computed by adding RCBRD+Parker+Walker;

4+ Only gauged stations provide instantaneous peak discharges; stations that are calculated provide only the maximum daily discharge;
s Based on Flood Frequency regressions (Unimpaired Record) from Hasencamp (1994).

¢ Based on Flood Frequency regressions (Regulated Record) from Hasencamp (1994).



Table 2. Summary of Rush Creek scour core experiments for runoff season 2000.

REACH
UPPER

LOWER

CHANNEL
MAIN

MAIN

CROSS
SECTION CORE #
0+74 1

2
3
5+45 1
2
9+40 1
12+95 1
2
10+10 - 1
2
7+70 1
7+25 1
5+49 1
2
3
4
4+08 1
2
3+30 1
2
0+86 1
2
3
4
-1+457 1
2

RUSH CREEK BED SCOUR EXPERIMENT SUMMARY FOR RUNOFF SEASON 2000
UPPER RUSH CREEK PEAK DISCHARGE = 204 cfs ON JUNE 30, 2000
LOWER RUSH CREEK PEAK DISCHARGE = 284 cfs ON JULY 1, 2000

PEAK DISCHARGE IN  SCOUR REDEPOSITION

CHANNEL (cfs) DEPTH (ft)
204 -0.06
204 0.03
204 -0.05
204 - 0.00
204 0.00
204 0.00
204 0.00
204 -0.09
204 -0.10
170 0.08
170 0.02
170 0.00
170 0.00
170 -0.06
170 -0.07
170 0.02
170 -0.04
170 >0.00
170 >0.00
170 0.05
170 >0.056
170 0.00
170 -0.05
170 -0.01
170 -0.01

DEPTH (ft)
0.06
0.00

0.00

0.00
0.20

0.00
0.00

0.00
0.00

0.00
0.09

0.00
0.00

0.09
0.19
0.14
0.00

>0.00
>0.00

0.03 .
0.00

0.00
0.00
0.00
0.00

GEOMORPHIC
UNIT

Pool tail

Pool tail

Pool tail

Eddy deposit
Lee deposit

Point bar, within low water channel
Point bar, within low water channel

Pool tail
Pool tail

Pool tail
Pool tail

Upper point bar/floodplain

Upper point bar/floodplain

Riffle (transverse bar), within low water channel
Riffle (transverse bar), within low water channel
Riffle (transverse bar), within low water channel
Riffle (transverse bar), within low water channel

Point bar, within low water channel
Point bar, within low water channel

Pool tail, but really a transverse bar @ high Q's
Pool tail, but really a transverse bar @ high Q's

Upper point bar/floodplain

Middle of point bar

Point bar, within low water channel
Point bar, within low water channe!

Channel abandoned by meander cut-off, considerable deposition

Cross section no longer monitored



Table 3. Summary of Lee Vining Creek scour core experiments for runoff season 2000.
PEAK DISCHARGE = 288 cfs ON MAY 28, 2000

CROSS PEAK DISCHARGE IN SCOUR REDEPOSITION GEOMORPHIC

REACH CHANNEL SECTION CORE# CHANNEL (cfs) DEPTH (ft) DEPTH (ft) UNIT .
UPPER MAIN 13+92 1 204 -0.04 0.11 Eddy deposit of coarse sand
2 204 0.06 0.07 Eddy deposit medium gravels
10+44 1 204 -0.24 0.00 Eddy deposit, spawning gravels
2 204 -0.08 0.37 Eddy deposit/exposed bar
3+73 1 204 0.00 0.00 Eddy deposit of coarse sands
2 204 0.03 0.15 Eddy deposit medium gravels

LOWER B-1 0+87 1 204 : -0.05 0.05 Point bar deposit, pea gravels



Table 4. Summary of Rush Creek tracer rock experiments for runoff season 2000.

LOWER RUSH CREEK PEAK DISCHARGE = 284 cfs ON , June 30, 2000

NUMBER OF NUMBER OF PERCENT OF
CROSS PARTICLE PARTICLE TRACER ROCKS TRACER ROCKS TRACER ROCKS GEOMORPHIC
REACH CHANNEL SECTION SIZE (mm) SIZE CLASS PLACED MOBILIZED MOBILIZED UNIT NOTES
LOWER MAIN -9+82 (H) 125 Day 1 1 9% Riffle One rock moved 2 ft downstream
63 Dso 1 7 64% Riffle No rocks recovered
44 Day 1 10 91% Riffle No rocks recovered
rocks placed at stations 46, 48, ...70.
-5+07 (D) 110 Das 10 0 0% Riffle No rocks moved.
Two rocks moved, 35 and 40 ft
52 Dso 10 2 20% Riffle downstream
36 Da, 10 - 3 30% Riffle No rocks recovered
| rocks placed at stations 75, 77.5, ...105.
4+08 56 Dgs 10 2 20% Point Bar Rocks not found
35 Dso 10 2 20% Point Bar Rocks not found
28 Dy 10 6 60% Point Bar On D30 moved 30 ft downstream
rocks placed at stations 140,142,144,...152
7+25 99 D4 8 0 0% Lower Point Bar Rock moved downstream 27 ft.
Rocks moved downstream up to 46 ft.
53 Dso 8 0 0% Lower Point Bar  Three rocks were not found.
One rock moved downstream 5 ft. Most
40 Dy 8 1 13% Lower Point Bar rocks were not found.
Facies I! rocks placed at stations 23, 27, ...37.
7+25 43 Dsa 7 0 0% Upper PointBar ~ No rocks moved.
26 Dso 7 0 0% Upper Point Bar  No rocks moved.
19 D3, 7 0 0% Upper Point Bar ~ No rocks moved.

Facies | rocks placed at stations 50, 52, ...62

Five rocks recovered, moved from 35 ft

7+70 99 D 10 5 50% Channel Bed up to 56 ft downstream.
Three rocks recovered, moved from 50
53 Dso 10 7 70% Channel Bed ft up to 81 ft downstream.
One rock recovered, moved 73 ft
40 Day 10 10 100% Channel Bed downstream.
Facies Il rocks placed at stations 26, 28, ...38.
7+70 43 Das 7 0 0% Point Bar No rocks moved.
26 Dsy 7 0 0% Point Bar No rocks moved.

Rocks not found, assumed missing (not

transported) because of channel bed

mobilization patterns at cross section
19 Dy 7 0 0% Point Bar 07+425.

Facies | rocks placed at stations 50, 52, ...62

Three rocks recovered, at 27, 40, and

10+10 78 Das 13 3 23% " Pool Tail 60 ft downstream
One rock recovered, moved 39 ft
6 Dso 13 8 62% Pool Tail downstream.
One rock recovered, moved 10 ft
28 Dy, 13 10 7% Pool Tail downstream.
rocks placed at stations 19, 21, ...37
10-Channel 108 108 Das 12 2 17% Channel Bed No rocks recovered
64 Dso 12 2 17% Channel Bed One rock recovered, moved 3 ft
44 D, 12 4 33% Channel Bed One rock recovered, moved 5 ft

rocks placed at stations 18, 19, 20, ...




Table 4. Summary of Rush Creek tracer rock experiments for runoff season 2000 (continued).

UPPER RUSH CREEK PEAK DISCHARGE = 201 cfs ON , July 10,1999

NUMBER OF NUMBER OF PERCENT OF
CROSS PARTICLE PARTICLE TRACERROCKS TRACER ROCKS TRACER ROCKS GEOMORPHIC
REACH CHANNEL SECTION SIZE (mm) SIZE CLASS PLACED MOBILIZED MOBILIZED UNIT NOTES
UPPER Main 0+74 (A) 132 Dgs 17 0 0% Riffle No rocks moved.
One rock moved downstream less than
65 Dso 17 . 2 12% Riffle a foot.
38 Dy, 17 2 12% Riffle Rock moved less than a foot.
26 Dy 0 0 0% Riffle Rock moved less than two feet.
rocks placed at stations 50, 52, ...82. Not monitored
5+45 (B) 122 Dga 10 0 0% Riffle No rocks moved.
75 Dgo 10 2 20% Riffle Rocks moved downstream 11 and 29 ft.
62 Dy 10 3 30% Riffle One rock recovered 15 ft downstream
One rock moved less than a foot, all
49 Dys 0 0 0% Riffle others were not found.
rocks placed at stations 10, 12, ...28.
9+40 88 Das 7 0 0% Poo! Tail No rocks moved.
46 Dso 7 0 0% Poo! Tail No rocks moved.
29 Dy 7 0 0% Pool Tail No rocks moved.
18 Dsg 7 [+} 0% Pool Tail No rocks moved.
rocks placed at stations 30, 32, ...42.
11+68 0 Riffle No rocks moved.
six large boulders were painted and placed on cross section at stations 10, 12, ...20 with assorted "b" diameter sizes.
12+85 (C) 140 Das4 9 0 0% Pool Tail No rocks moved.
Two rocks moved 5 and 20 ft
77 Dso 9 2 22% Pool Tail downstream .
53 Dy 9 2 22% Pool Tail One rock recovered 25 ft dowsntream

rocks placed at stations 11, 14, ... 35




Table 5. Summary of Lee Vining Creek tracer rock experiments for runoff season 2000.

PEAK DISCHARGE = 258 cfs ON May 28, 2000

NUMBER OF NUMBER OF PERCENT OF
CROSS PARTICLE PARTICLE TRACERROCKS TRACERROCKS TRACER ROCKS GEOMORPHIC
REACH CHANNEL SECTION SIZE (mm) SIZE CLASS PLACED MOBILIZED MOBILIZED UNIT NOTES
UPPER MAIN 3+45 210 Dasy 14 3 21% Riffle Rocks moved 2, 7, and 12 ft downstream.
104 Dso 14 2 14% Riffle Rocks moved 3 and 4 ft downstream
84 Day 14 1° 7% Riffle One rock moved 3 ft.
rocks placed at stations 56, 58, ..... 84.
6+61 175 Dgs 12 0 0% Point Bar No rocks moved.
95 Dso 12 0 0% Point Bar No rocks moved.
66 Djy, 12 o 0% Point Bar No rocks moved.
rocks placed at stations 38, 40, 42,...60
9+31 144 Das 11 0 0% Riffie No rocks moved.
77 Dsp 11 2 18% Riffle Rocks not found
54 Dy, 11 2 18% Riffle Rocks not found
rocks placed at stations 58, 61, 64, ...124.
9+31 144 Das 11 0 0% High Gradient Riffle No rocks moved.
77 Dsp 11 5 45% High Gradient Riffle Rocks moved from 1,2 6, to 15 ft
downstream
54 Dy 11 6 55% High Gradient Riffle Rocks only moved less than 2 ft.
rocks placed at stations 109, 111, 113,....
13+92 256 Das 12 0 0% Riffle No rocks moved.
95 Dso 12 0 0% Riffle No rocks moved.
58 Dy 12 0 0% Riffle No rocks moved.
rocks placed at stations 42, 44, 46, ...64
Ad 4+04 165 Dagqy 10 2 20% Medial Bar Rocks moved 1 and 4 ft downstream
112 Dso 10 3 30% Medial Bar Rocks moved 1 and 3 ft downstream
90 Day 10 4 40% Medial Bar Rocks moved 1 ft downstream
rocks placed at stations 16, 19, 22, ...43.
5+15 160 Das 1" 0 0% Point Bar Three rocks were buried by deposition
60 Dsp 1 1 9% Point Bar Moved rock not recovered; additional rocks
were buried by deposition
35 Dy 11 4 36% Point Bar Two rocks moved 25, and 31 ft
downstream; two rocks buried.
rocks placed at stations 44, 47, ...65.
6+80 250 Dgs 8 0 0% Riffle No rocks moved.
115 Dso 8 0 0% Riffle No rocks moved.
86 D3y 8 3 38% Riffle One rock recovered 20 ft downstream
rocks placed at stations 12.5, 14.5, 16.5, 18.5, 21.5, 24.5 (stn 12.5 missing D31)
B1 06+08 240 Degs 8 0 0% Riffle No rocks moved.
125 Dsp 8 1 13% Riffle Rock moved 1 ft.
81 Dy 8 8 100% Riffle Three rocks recovered, moved 1 and 2 ft

rocks placed at stations 24, 26, 28, 30, 32, 34, 36, 38

downstream; others not recovered.




Table 5. Summary of Lee Vining Creek tracer rock experiments for runoff season 2000 (continued).

PEAK DISCHARGE = 258 cfs ON May 28, 2000

NUMBER OF NUMBER OF PERCENT OF
CROSS PARTICLE PARTICLE TRACERROCKS TRACERROCKS TRACER ROCKS GEOMORPHIC
REACH CHANNEL SECTION SIZE (mm) SIZE CLASS PLACED MOBILIZED MOBILIZED UNIT NOTES
LOWER MAIN 01+15 205 Dss 7 1 14% Riffle Rock moved downstream 3 ft.

106 Dso 7 1 14% Riffle Rock moved downstream 4 ft.

65 Djy, 7 2 29% Riffte One rock moved downstream 8 ft, one rock
moved less than a foot.

rocks placed at stations 18, 20, 23, 26, 29, 32, 35.
B1 01+80 153 Doy 6 1 17% Riffle Rock moved less than a foot

74 Dso 6 5 83% Riffle Two rocks moved less than a foot, one
rock moved 2 feet, and two rocks were not
found.

54 Day 6 6 100% Riffle Rocks not found

rocks placed at stations 12, 14, ...22.
B1 00+87 98 Dga 12 8 67% Point Bar Rocks moved downstream up to 104 ft.

Some rocks were not found, one rock at stn
35.5 was buried under the emerging point
bar.

56 Dso 12 10 83% Paint Bar Rocks moved downstream up to 69 ft. Most
rocks were not found.

40 Dy, 12 9 75% Point Bar Rocks not found

rocks placed at stations 25, 26.5, 28, 29.5, 31, 32.5, 34, 35.5, 37, 38.5, 40, 41.5.




Table 6. Alternative Lee Vining Creek diversion windows for Rush Creek flow augmentation.

Runoff  Unregulated LVC Regulated LVC Volume:Divertedto  Percent of Total Percent of Grant |
Season Flow (af) Flow (af)... . GrantLake(ah Flow.Diverted ‘Reservoir Capacity |
Based on Baseflow/Highflow Diversion Thresholds: 50/200
1996 56,177 50,792 5,385 10% 1%
1997 66,317 61,080 5,237 8% 11%
1998 62,336 58,090 4,246 7% 9%
1999 46,205 42,170 4,035 9% 8%
2000 40,373 38,518 1,855 5% 4%
Average Annual Diversion (af) = 4,152
Based on Baseflow/Highflow Diversion Thresholds: 40/190
1996 56,177 50,463 5714 10% 12%
1997 66,317 60,463 5,854 9% 12%
1998 62,336 56,663 5,673 9% 12%
1999 46,205 41,831 4,374 9% 9%
2000 40,373 37,759 2,614 6% 6%
Average Annual Diversion (af) = 4,846
Based on Baseflow/Highflow Diversion Thresholds: 30/180
1996 56,177 49,329 6,847 12% 14%
1997 66,317 60,161 6,156 9% 13%
1998 62,336 65,175 7,161 11% 15%
1999 46,205 41,580 4,625 10% 10%
2000 40,373 36,785 3,588 9% 8%
Average Annual Diversion (af) = 5,675
Based on Baseflow/Highflow Diversion Thresholds: 30/200
1996 56,177 48,683 7,494 13% 16%
1997 66,317 59,217 7,100 11% 15%
1998 62,336 55,175 7,161 11% 15%
1999 46,205 40,636 5,569 12% 12%
2000 40,373 36,785 3,588 9% 8%
Average Annual Diversion (af) = 6,182




Table 7. Jeffery Pine Patch Type (2.4 acres)

. 8 ft on 10 ft on
Species
center center
Jeffery pine (Pinus jeffreyi); 60% 1132 724
Lodgepole pine (Pinus contorta ssp. murryana), 20% 377 241
Black cottonwood (Populus balsamifera ssp. trichocarpa); 20% 377 242
Total number of plants 1886 1207
Table 8. Black Cottonwood Patch Type (2.0 acres)
. 8fton 10 ft on
Species
center center
Black cottonwood (Populus balsamifera ssp. trichocarpa); 60% 943 604
Pacific willow (Salix lucida ssp. lasiandra); 20% 315 201
Jeffery pine (Pinus jeffreyi); 20% 314 201
Total number of plants; 100% 1572 1006

1
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' APPENDIX A: STREAMFLOW DISCHARGE MEASUREMENTS FOR RUNOFF
SEASON 2000 AND DISCHARGE RATING CURVES FOR LOWER RUSH
CREEK.



Daily Average Discharge (cfs)

1000

100

10

Discharge Rating Curve for Lower Rush Creek XS 010+10

................................................................................

...............................................................................

¢ Discharge (cfs) =—Power (Discharge (cfs))

------------ y= 0_0124)(6‘9755
"""""""" R? = 0.9498

........................................................

.............................................................................

1.0

10.0
Adjusted Elevation abv 6,488 (ft)




Daily Average Discharge (cfs)

1000

100

10

Discharge Rating Curve for Lower Rush Creek XS -9+82

.....................................................................

& Discharge (cfs)

Tt —Power (Discharge (cfs)) - - - - - e IR AN L P

y = 0.0093x%447
R?=0.9719

................................................................

................................................................

1.0 : 10.0

Adjusted Elevation abv 6470 (ft)




Daily Average Discharge (cfs)

1000

100

10

Discharge Rating Curve for Lower Rush Creek XS -5+07

® Discharge (cfs)
SRR = Power (Discharge (cfs)) |- ---- - - P oA R I I
REREE y =0.004x>47%2 SUSREEREE SRR S R R
""""" R®=0.8946 | e T oiiiiiniiiannininin
1.0 10.0

Adjusted Elevation abv 6470 (ft)




Daily Average Discharge (cfs)

Discharge Rating Curve for Lower Rush Creek XS 7+70
nm"“m"me—_—————————————————————————————————
® Discharge (cfs) ==Power (Discharge (cfs)) :
................................... :o..........
L fymsEOTETE
R? = 0.9453

......................................................... A
10

1.0 10.0

Adjusted Elevation abv 6,484 (ft)




Daily Average Discharge (cfs)

1000 ——— Discharge Rating Curve for L ower Rush Creek XS 07+25

.................................................................................

100

R%=0.9411

10

1.0 10.0
Adjusted Elevation abv 6,484 (ft)




Daily Average Discharge (cfs)

1000

100

Discharge Rating Curve for Lower Rush Creek XS 05+49

__________ & Discharge (cfs) =—Power (Discharge (cfs)){. . . . . .. ... ... ... ... _ ... ... . ...
e e e e e e e e e e e e e e e e e e y=8E'10X12187 - e . .: .......... :. ..o .. ..: ...... . _____ . - - ‘ P : P
e R=09296 |- ---v--------- R R o B B
' ' ‘ ‘ e
1.0 10.0

Adjusted Elevation abv 6,480 (ft)




Daily Average Discharge (cfs)

1000

100

10

Discharge Rating Curve for Lower Rush Creek XS 04+08

.................................................................................

..................................................................................

.................................................................................

........... © Discharge (cfs) ===Power (Discharge (cfs)). - - - . - .- . ... .. ... ... ..

.......................................................................

-------------- y= 2E_12x15-593
R? = 0.9745

1.0 10.0
Adjusted Elevation abv 6,480 (ft) '




Daily Average Discharge (cfs)

1000

Discharge Rating Curve for Lower Rush Creek XS 3+30

................................................................................
................................................................................

................................................................................

I ® Discharge (cfs) |- - - - e e e e NN YEEREEE

Tt =—Power (Discharge (cfs)) | - -~ - - - P c Lo e Y I

mmm—
....................... y= B34
"""""""""""" R®=09653 | it
.................................................................. P R

10

1.0 10.0
Adjusted Elevation abv 6480 (ft)




Daily Average Discharge (cfs)

1000

100

Discharge Rating Curve for Lower Rush Creek XS 0+86

...................................................................................

..................................................................................

© Discharge (cfs)

S —— Power (Discharge (cfs)) |-~~~ - - i P e AR s R

.............................................................................

f

o y = 0.012x>%%% ‘ S S SN
e R®=0.9651 | . ...........° SN R I

.................................................

.................................................................................

10.0
Adjusted Elevation (ft)




(1 s e G Mt F
L e b
(12
. McBain & Trush . MeasNo. p/—0)
! Trinity River Gaging - Comp. by
Checked by
Discharge Measurement Notes
Sation rame_LowCC Rusid 10 -CHAVWEL s slngi)
Date_{ /- Y —0Dvs Hydrographers Dutton Mt 7 om\ e /’7
Width o | & [+ Area AR “en/ Disch.
Method No. secs. ~ G.H change in’ hrs.  Susp.

Method coef. Hor. angle.coef. ST Susp. coef. A G.H. of zero flow

Gage Reading - TYDCOfmctcr Prrice AD Meter No.
Time Recorder |Outside
| Date rated = —_for rod, other
— | Meter -~ ft. above bottom of weight 2
Spin before meas. - after seconds 3
l Meas. Plots ' % diff. from rating

—---Wadmg,came,me,boax,upm dowstr.. snic,bndge -

,,w - - 5 —M:A—--“I_ =3 g, 7] “.;g—‘j—mg- — ——
MGH |~ s pln,mc/'nr ('W A "U\ XS an
G.H‘ — e———
comection. | Rl = Cjaamaf/ =~/ D
MGH
- . a equa. P Tk Tt s
3 _ :
Measurement rated: exeellent(Z% good 5%) fair (8%), poor (over 8%) based on following
conditions: Cross section SLJ(,» a3lng w/ Els Aeg uﬂje}’ of ')
Flow conditions (a1~ = ﬁm Weather bu_.a/
Air F . Water F@
Gage Record removed
Control
Remarks e 3 = i

£ Latiirilil



Measurement # & Dlscharge Measurement Raw Data Sheets Page __Z of 1~
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McBain & Trush . MeasNo. 0/ —0/ _
Trinity River Gaging Comp. by st
' Checked by .
Discharge Measurement Notes =
S e KUSH COZEL COLVERT  unis csufegid
Date /| =4 492000 Hydrographers DarigpMicros 4 T f-JufJ/fy
Width_Zo £1 . Ara_ T v | GH Disch |
Method No.ses = GH change in hrs.  Susp.

Method coef. Hor. angle coef. Susp. coef.

G.H. of zero flow

&mfm - | Type of meter ( AA Meter No.
Time Recorder |Outside :
12 Mo L7 | Date rated for rod, other
™ 1o Lo 7 1R AT WTBNEY L
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-~} Spin before meas. - - afier seconds
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conditions: Cross section ___ Ay /2w 2777 5n, tricly even boHomi  ne 2ddiy's v bnarsith g
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FiooT MEMT ATy NEW CiTE. INGALER Foi
RATIN - OURUGMW'VMOMT

2 o L B



Measurement # @f -0] Discharge Measurement Raw Data Sheets Page L ot _“F.
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5= ?fg'z T

; a %asurement Notes
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[ 4

Width Area__ Vel - GH Disch.
‘Method No. secs GH change in hrs.  Susp.
Method coef. Hor. angle coef. __ Susp. coef.

G.H. of zero flow

GageReadipe | Type of meter_trics Al Meter No.
Time Recorder |Outside -

~ | Date rated for rod, other

g Metcr ft. above bottom of weight

-- - ——} Spin before meas. - after seconds

Meas. Plots % diff. from rating
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Carrect e e -
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Measurement # Discharge Measurement Raw Data Sheets Page | of ow
_,D#(F'H 53 2 Wike 1 Dot e b 2
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Discharge Measurement Notes
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Measurement # | R¢.- 780/ - Discharge Measurement Raw Data Sheets Page / of _/
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Date_b=-Y 19 48’ Hydrographers_M € M4V ; MER L(—
width &, 2= Area_ #i6% Vel /27 GH . — - Dissh 5,73
. Method __ & No.secs._/2- GH change__© in_0:7Shrs. Susp. ____
A0 )
Method coef. __ —— _ Hor. angle coef. _—— __ Susp. coef. G.H. of zero flow ____
_ Gage Reading T}"pe of meter__ AA Meter No. _5935
Time Recorder |Outside
/L. 5> — - Date rated _— for rod, other
/6 l’ /5 - -
Meter

ft. above bottom of weight

2:09

after_ 2,26 seconds

Spin before meas.

Meas. Plots

cable, ice, boat, upstr., dowstr,. side, bridgel
, mile, below, gageand _ M21w channel

_ % diff. from rating

Battery voltage

Measurement rated: excellent (2%),(good (%), fair (8%)>poor (over 8%) based on following

conditions: Cross section _ A20oe) . 5 ,° Zcio)

D152y 23,20

Flow conditions ¢te 7{!{ Weather __ 5(¢ cvy | Ggev
Air Fe Water Fe

Gage - Record removed __—

Control AA’WV\SHQ Yin fl\m‘

f‘ks VMo Tarmem e Ter




{
i

Measurement #_LRC -495-0 / BDisch‘arge Measurement Raw Data Sheets Page L of L
P=o0.1 . | ]

2‘;:; ‘ Adj. for

_ |Angle] initial Revo- | Time in Velocity bor.

Coef. | point |Width| Depth | lutions | seconds| At point [mean in vert.| angle | Area Discharge Notes
L2y REW .
2 ]es]es 0 [w | o 9\ 2 | !

43 (0Sox |24 |4 |2 )5 1,35 .45 '
4§ 105]10% |28 |4l |5 ST |35 .53
53 05|08 (23 {4l |,y .24 | .40 |.5D
5.8 050425 |42 )2 32| 40 |.52 .
6.5 [0:S[ess| 34 | 4o |).97 .87 M43 | .80 er
b-8 10,5108 |28 | 4l |) 5 L5) [ 16b ;
A Jo.6 [ 03530 | g1 |42 L2l Ml 1.7
34 Jos|0ss| 5 | 40 (1.7 120 1,26 |.47 | on (odk i |
4 10503 |19 | 4o |).0 [.0b | .35 |.37
£-910.5] 06513 | 4o |,72 T31.49 .36 _3
4.9 1101038 5 | 4i | .4p 40 | .36 | .M |
= 04 | ol Lew
[

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03

if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'é

Time of each velocity measurement must be >40 seconds



|2~ ’2 ? g X S
P
Mon o
McBain & Trush Meas. No. | R¢ - 980/ 4
‘ =Eeinitp River Gaging Comp. by
~ aumind Checked by

Lownst Rk cepDischarge Measurement Notes

pBosEd 0.5 casrier/ Units (SYEmglish) ST, G5

Station name

Date_ 6-4 19 98¢ Hydrographers_MI&RAD <« M
Width_/$.£ Area_ /426  ve_2.%5 GH. _ = Disch. 34 S0

‘G.H.change__ 2 in_2.72% hrs

‘Method 2.6 No.secs. /4
Method coef. ___ " _

Susp. _

-

Hor. angle coef. Susp. coef. __ = G.H. of zero flow

Gage Reading Type of meter___ 7 (2. Meter No. _$Z5
Time Recorder |Outside
VionZl Date rated - for rod, other
/5. 45 —tr — \
Meter ft. above bottom of weight

Spin before meas. seconds

3: 07 after 2:&5

Meas. Plots % diff. from rating _—_

cable, ice, boat, upstr., dowstr,. side, bridge LD
eet, mile, below, gage and __0__coon lfar'brfv-

Weighted
MGH
G.H.
correction
Correct
M.GH.

Conversion equa.

Battery voltage

Measurement rated: excellent (2% good (5%) fair (8%), r (over 8%) based on following

conditions: Cross section _SmALC  man oo R Il

Flow conditions _ ST=A0Y/ Weather ____B3€,595 2y co i

Air — Fe Water — Fe____ °

Gage — Record removed -~

Control __ O w572, 4w RIFFLE

Re CRoss  S3ciod  poT  TOEsDeEnig W) PASTT  puisSeditm aoT

HRme mLTER




Measurement #.£R¢ - 750

IR Discharge Measurement Raw Data Sheets

j
L
t

Page __/ of L

IP= p.b H
Dist. | 3
Angle imiei Revo- |Timein| __ Velocity rvig : l
Coef. | point |Width) Depth | lutions |seconds| At point [meanin vert.| angle | Area |Discharge Notes .
lj2|-]- BEW '
2.1 1090045] 5 | 92 |,k W9 | Y| .78 !
3.0 logs| . /| 36|90 |98 L8|l 0S| 207 |
14.0 112 |)25] 47 |40 o4 69 | 125 | 33 |
So |oll4 173 | % |2494 3.99| 14 | 559
golsv|/3 |73 | 4% 44 399113 15,09 o8 ok
2.0 1oLy |65 | Y0 |34, 3561 1.4 |4.48 ;
g.0 |0tz |So |4/ |948 LBl /e |5.2] ;
9.0 (/0] 1¢|56] 92 |27 12,07 4/ 3.37 |
oo |le|l] |45 | 9 |24/ AL} 1.1 (265 |
Jlo |ho | 05|33 | 4/ 77 (271 0% /.60
[2o] lo|O8E HD | 42| 2.4, Ao | o0.88] 209
/3.0 /el o.gl 27|90 |i(> J3 1 o2l 0 i |
.ol 0.7126 | 97 |14 TARINTS ?
/520 0.6 |2/ | </ |1 /./4 19/ 1,92 :
/.7 ' LE L) i
N
i
i
|
]

Price AA; if rev>40, V=2.17 (rev/seconds) + 0.03

if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'
Time of each velocity measurement must be >40 seconds




i
Tb””oq z, XLS .
e |
600 ;
’ McBain & Trush Meas. No.uRc. ~ 786/ ¢
’ ' Trimty-Rewer Gaging . Comp. by
- Mo.150 Checked by
Discharge Measurement Notes - ;
Station;name oLO 32 dlroGE Units (S@ 5T, <£S 3
Date £-3 " 197% Hydrographers_ M/£ERAJ » miZ/RILL ' |
Width__ €8/ Area_ 2303 va_Z.54  gg N/A__ Disch SEvE
Method _9-6 No.seecs._ /7 . GH change O " in O.f hrs. Susp. _—
Method coef. _ — Hor. angle coef. - Susp. coef. _ — G.H. of ;ero flow
Gage Reading Type of meter, Vi " Meter No. &_ |
Time Recorder |Outside '
/219 oy ~/n Date rated — for rod, other
26497 ] , i
Meter ft. above bottom of weight )
Spin before meas._ 252 __ after_ 2:57  seconds ‘ &
Meas. Plots % diff. fromrating ______ ’
. ¢
~‘ (@, cable, ice, boat, upstr. ‘, Slde‘_L ] ;
/ feet mile, abovgage and___oL0) 395
Weighted ) ‘
M.GH B2, 062 2
G.H. . s
correction
Correct
M.GH.
Conversion equa.
Battery voltage
. ' {
Measurement rated: excellent (2%0%) fair (8%), poor (over 8%) based on following i
conditions: Cross section __S/#eit  _Subse = —SraTL  SOLSME | ) 3/ oK RIS RIERST €M )
Flow conditions ___§ 7)_/"07/ Weather LM / Wy O ;l .l A
Air Coto {/ Fe Water _CoLo !/ F@ ‘ ':
Gage - Record removed —

Control 2iiR)2ei n_ St DOWwRSTR /o gmy ‘ A i

Remg=ks /T ISASVE L ELT Ar IR e)) THemom ERR y0 Boy

7




Measurement #2c -9€01

;
{
!

Discharge Measurement Raw Data Sheets | Page _/_of _L’
E.ii; ' Adj. for’ :
Acf,'ffle 1:;:::] Width| Depth 1&.‘;;5 iﬁii Al poi}\/:eln(')):ﬂi:‘i; vert. ::1; Area |Discharge Notes
54| ~lo | = |- | LEW
120 1s5l0.5] 21 | 4, e 0.175 | 0.9¢ a
/3.5 1.5 0.8 6/ | 4 3.26 1.20| 3.9/
200|513 | 50| 7o 2.74 [95 | 534 z
| 215115126173 |42 '3.80 1826 | ) /25
23:0)).511.55| 7/ |4y 3.9 2.325| 8.9
Y1451 )3 |5 |40 3,07 /25| 5.99
N2bo|/)5 1/ 15| 53 |4 2,94 1,725 4.90
27&5 1.5109]1%0 |43 2.5§ .38 394 | o pock
Lle |5 115147 | 4/ 2.6T /725 | 4.52
30511512 (3% |y z.0y L | 3.¢7
320005141 136 | vo | li9g 45 13.27 4
33.511.5 1025129 | 4y /.9¢ 1125 /.44 !
360|ns]io |32 | y2 /.48 /'8 |2.52 !
365115 lp.2s27 | /4 AR
380116 (0.3 2y | Yo /.33 0-4510.80| Biproo rock
35.¢ /¢ - | = 6 Brriso fock  3se0 Vﬁkﬂ%
Y4)0l2.0l024| 9 ’7‘5 O. Hb 0.80] O 23 | Flow peooma Rock. i
PBSi-lo |- | = REW I8
£ |s5%5 ]
|
{
i
i

5.2

Price AA: if rev>40, V=217 (rev/seconds) + 0.03

if rev<40, V=2.18 (rev/seconds) + 0.02

]

Use 0.2/0.8 method if depth>2.5‘;§g

Time of each velocity measurement must be >40 seconds?

|



‘ | McBain & Trush Meas. No. AR
. Trinity River Gaging Comp. by @ﬁ m
Checked by
Discharge Measurement Notes
Station name :12’"' & b} (rnnge 7‘/‘0‘2\ wm& Slffnglish) _3z. C45$

Date 7/’4 , 19 c/g Hydrographers /"/’f/fkl/ Peoir

widh /2 aeat224 veeZ 2! . gm = b el -
Method _0. 6 No.sees_/%  GH change__— in_ — s Susp. __~_

Method coef. ___ = Hor. angle coef. ~ Susp.coef. __ =~ G.H. of zero flow

Gage Reading Type of meter ~ /4 Meter No. _, 2\9 2
Time Recorder |Outside ' '
Date rated — for rod, other

Meter - ft. above bottom of weight

Spin before meas._ 772 after__#+ 90 seconds

. Meas. Plots % diff. from rating __
Wading, gable, ice, boat, upstr., dowstr,. side, bridge_ 70
feet ilebelow, gage and PN £ frmrorE

Weighted

M.GH :
G.H.

correction

Correct

M.G.H.

Conversion equa.

Battery voltage

Measurement rated: excellent (2%), good (5%),(fair (8%))} poor (over 8%) based on following
conditions: Cross section . psvAc Pw RESRES 2 CloSs S5z /70  UALE torviES 04 & wlfAieL,

Flow conditions ___s7:49 . Weather ___—~¢ ,2 1
Air Fe@ Water F@

Gage Record removed

Control 00w s34 1221,z

‘Remarks




Measurement #_762 L Discharge Measurement Raw Data Sheets Page of
Adj. for
Angle] Tape Revo- |Time in Velocity hor.
Coef. | dist. |Width{ Depth |lutions |seconds| At point {meanin vert.] angle Area |{Discharge Notes

NI

(20

4/

221

2201160 1516

IOJ/ g /i

40

40

427

Y511 .95 12.2¢

)tz

/0

4/

5,%Z

£321.60 | 2/ 2

/b

4/

5H

ey
£54 . 00 YT

j05
2

r 4

HZ

Y1

e |20 1275

/7

gs

40

A

deif | G |2y

1.9

(00

4]

5.2

220 |,05 |5.0b

/7

Zb)

5.4

54e|. 90 ¢/

/9

;L l"-,)

40

44

Yo | e |

2]

&

40

1/27

/27 | .05 |45

2]

/00

42

5.20

5720 )05 |54

/05

40

575

5.75 | <95 | 5

A

g
5
<
/
>
e
J
g
571,518
P
5
Ve
Z
g
rd
~
-

100

/4

527

5221108 5.

Y

45%

145

#4310 .00 14,53

19 1215 60 |4 1324 24,9132
725 1B 140 Y |25 215 L.an |93
AN IAE A AN 184 | =5\ .ol

2918 Lo |25 W2 |12/ J&i). 50| 92

ZAA

.’55

<2042 .32

/0

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03
if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds
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' McBain & Trush Meas. No. $fo0=2_
_ . Trinity River Gaging Comp. by ZEm
.. Checked by

Discharge Measurement, I\{\otes)
. \Lo-—e (g &4 - v P
Station name QLLR A M( 'l/M =11 OM.M[ Units (S S5 S&

Date_Ql/% ,19_98 Hydrographers_Vigrsi i1 = 2 e

Widh 19 /7 area2d09 v 422 gm_ — pio| 5. 50
. Method 0.6 Noses_2/ _ gm change_ =~ in  ~ hrs. Susp._ ~—

Method coef. — _ Hor. angle coef. — Susp. coef. — G.H. of zero flow -

- R L~ -
Gage Reading Type of meter /4 /7 » Meter__N_o. g5
Time Recorder {Outside |- :
Date rated — for rod, other™
Meter ____— _ ft above bottom of weight
Spin before meas. 770 after 792 seconds
‘ Meas. Plots —_— % diff. from rating
cable, ice, boat, upstr., dowstr,. side, bridge_
@mﬂe,elow, gageand ___ /O Cowodfern]
Weighted ]
M.GH S /0T ‘
G
correction
Correct
M.GH.
Conversion equa.
Battery voltage

_ ,//_-—“_\ .
Measurement rated: excellent (2%), good (5%, fair (8%), goor (over 8%) based on following
conditions: Cross section __ A7 o ,z5 8D SoyAe,=

Flow conditions ___& 72K Weather L
Air —~ Fe_— Water _Fe__

Gage — Record removed _—

Control Dowd S § 712154 R, s22eys

' Remarks




) .
Measurement #7590 2 Discharge Measurement Raw Data Sheets Page _{ of

Adj. for
Angle| Tape Revo- |Time in Velocity hor.
Coef. . |Width| Depth | lutions | seconds] At point | mean in vert.| angle Area |Discharge Notes

1.6 3019 | & Lot Bl )2
5D\ 4/ |72.65 26870 )47

ol 7 |65 |¢2 g3 3.211.70 232
10| B | |4 132 2241.80 L7259

&

D FOIN W |8
S
N

o | |27F 273 |12 | 498

s
o
T~
<
W
{
)
A
Y

Lol W [J0]h3|Sn |57 |34 289113 |55~

-

Lo 15\ | 0 (553 282115 |57/
olw 1722 bell 20453

AN (VO [N
\
>

.'\_ |\)- °
o
D
\l\
B
\
’\\J
\\.

(LEl2.2 | /2

~———

7 4
reolf) B 527123 )2.2¢/
07 5.5 2.4 /438

s Py

Q6T (A L
O
>

HENHE 05T .97 198 /.20

\.0[17 209 .cq 175 | 76/

8P

Lolf

5 AT | 5,7%11.20 14. 87

€.

Vool

”!

o

o

<

7

v 4 S

S\ |z |57 571125 | 7/
Y

3

J\
: ‘\ ‘/\ "\ \‘/\

oledsle o 4415 | 51

V.0 ‘2/) 173 o~ tf’:’:- {:A T CE?'; /13/ 5/,&_5
2120 1Dl |25 |27 |25 1 FELLG 1857

10122 W olio lza |59 1/ Lo T

3.3 Lo

23.0 | - Rz

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5'
if rev<40. V=2.18 (rev/seconds) + 0.02 Time of each velocity measurement must be >40 seconds
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.  McBain & Trush Meas No. S5o2
_ ' Trinity River Gaging Comp. by _ 52,

_ o Checked by
D1scharge Measurement Notes

Station name ?’/q Al /‘fz 7 07 0 Ay C Units (SI@ Cc-f §C

Date_"/ / 2 199£ Hydrographersjwf oy L\’ T RAQ _ _
Width S&. 3 AreaR23.2 % v 528 GH __— __ Disch )%= ( e
Method £2.4 No. secs. 23 G.H. change;in = hrs. ! Susp.

— G.H. of zero flow -

Method coef. _ ~—  Hor. angle coef, ~ Susp. coef.

- Gage Reading Type of meter M ' » Meter No. 5-9 S
Time " |Recorder |Qutside )
Date rated —— - forrod, other
Meter - ft. above bottom of weight

Spin before meas. 722 after_ 52 seconds

' ' Meas. Plots — ___ %diff from rating -
/ﬁading,)cable, ice, boat, upstr., dowstr,. side, bridge__ 50

eetymile, abovegage and __/o cooose/

Weighted
MGH SP2LIT
G.H.
correction ) : -
Correct
M.GH.

Conversion equa.

Battery voltage

Measurement rated: excellent (2%), good (5%){fair (8%)) poor (over 8%) based on following
conditions: Cross section MHEED HD W 01T SAPUOW 42,5000

Flow conditions T 240 Weather C Lz
Air — Fe__— Water i F@ -
Gage - Record removed _

Control DO D ST 15 Rys=1=e iz

. Remarks




Measurement # /Z g02

Discharge Measurement Raw Data Sheets

Page _L of _/

Adj. for
Angle| Tape Revo- | Time in Velocity hor.
Coef. | dist. |Width]| Depth | lutions | seconds| At point |mean in vert.| angle Area |[Discharge Notes
0l 780449 | | anf 221131 |37
Lol 7 1ol |70 143 134 21143 | 5.4

;(

.

3

.ol /0 11015 4] 1442 /52311,50 [ 74

Lol // 110 .o 70 1Y) 272 3731160 équ

olvz [0 [15 100 [0 [dd b 15D €48

ol /2110 95 1] leal, T il LU0 | 7.08

A AN SVIRE] 2591020 16 %

Lol/5 ko vy |90 | 4] W7 J'ﬁ )20 |4 23

Lol b Lho VA it [ 41 |55 53500 1447

Lal/7 Lo\ 75 |4 749, 511,204 80

Vol /B Lolld 190 \yo |44 46110540

L0l/7 o1 | 0142 |55 RS 10 4ol

Lol 20 g v it 42 1520 sl 79

L0122 2ol Lo |90 |Yp 149/ 248} | 2.0 |45

Lol2d 221 .9 175 lyp 140 40| iR | 738

L0 26129] .9 0 |47 1212 23 015G

012@lz0l. 9 |25 |42 (251 2% ). 60144

2o lzel)b |55 Yo 120 2.0 |30 | [IUs

ol zal B 1ho |40 1829 251k | 5.2

Lo| 2/ |20 1.5 <5 vz |2F7 S0 ).co1Lis7

e |26 200.2 |20 |4 11.9) 1= i e

|27 20| .2 |70 |52 .89 .ol

S e s R Bl o ) ANy
£/ [ 15w
42,7 22 D

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03
if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds
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‘ McBain & Trush Meas. No. %%- 0|
Trinity River Gaging Comp. by 2.4

Checked by I)_g 1 din
Lewel Rush (v, Discharge Measurement Notes
Station name_|0 Channe | @ §3?72o~4ct st-t:6a  Units (SI/English) _F-L /C Fs

Date_S/f , 1999 Hydrographers_2e LS'F:A{'&‘\’ g Datrer m\d'au
Width 2.5  Area_ 5.96 £+% Vel _|.7 «Cs GH ___ _ _ Disch 10.49

in__ hrs. -Susp.

G.H. of zero flow

Method : No.sees._______  G. H. change

Method coef. _ . Hor. angle coef. Susp. coef.

——

Gage Reading Type of meter Q r1ce AA _ Meter No. 9595
Time Recorder |Outside - -
2" % .| Date rated for rod, other

Meter _______ ft above bottom of weight

- .- |* Spin before meas. ) "I/ after seconds

‘ ‘Meas. Plots ‘ % diff. from rating

: : cable, ice, boat,, dowstr,. side; bridge_ S £
| (teet, ile,.above below, gage and _ (0. Z Zome ‘l‘er @

Werghted Om - 8 ! s

MGH 10 chennel ciF£|lp

G,
correction
Correct
M.GH.

Conversion equa.

Battery voltage

Measurement rated: excellent (2%), éood (o%Dfalr (8%) poor (over 8%) based on following
conditions: Cross section _3 mrsTh 5 5 Fvva ‘i sV P‘L«wl ooy o LI

Flow conditions __ (¥ 1vwli¢ ba [ lqw Weather _ Wc/m { Car
Air Fa Water Fe

Gage Record removed

Control

'Remarks




A= AV |

Measurement #__ Discharge Measurement Raw Data Sheets \Page _,/_of _]_
Adj. for ‘
Angle| Tape Revo- | Time in Velocity hor.
Coef. | dist. |Width| Depth | lutions |seconds|At point |mean in vert.| angle | Area |Discharge Notes
%.5 ’e‘F‘)LeJqP water
~|10.9]/25] .2 [} [492.94] /.09 A 27 u
Lo | #51.3 |27 |4l.gq7]|].4Y | w37
ey | 715 139 |423|l¢1 %3
a4l 706 |4a |w207|2.24 1 .%4 -
3|76 |29 |erai|2.05 IIRD
3.5].7 1.7 |45 |a1.23]2.90 126
e 7.7 (43 4209022 (.o
IS 197 | 46 |43 |41.7512.24 &%
5.4 | 7 L | 2% 41.44 2.01] 54
(6.51-7 1.9 |36 |4777] (90 47
12,217 1.6 134 (41611 %0 i
i | 656 |32 [4204 b9 65 '
16.5 1.7 17 a3 w257 1.7¢ g9 ’
Ao |7 |.¢ |20 |ars|los | 45
B4 | 7 1.4 | b |43 .28 10
Q1.0 ' : f'ij'».'i' edie vodec
e
lo MV| b
Price AA: if rev>40, V=217 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5'

if rev<40, V=2.18 (rev/seconds) + 0.02 Time of each velocity measurement must be >40 seconds



‘ McBain & Trush Meas. No. %9-p/
' Trinity River Gaging Comp.by 7., ..

Checked by Dovi~ @
Discharge Measurement Notes
Station name_|swer Q\/b‘n Ueck @Xs - H Units (SI@ Ll' / c h :

bthw Jo -Chaunc| (efuin ,
Date 5 -6 , 19494 Hydrographers P VT v 2

Width Zb-2 44 Area_ 2%.02 €47 v _L. %0 7S  GH _
Method ‘No.secs._______ G.H. change g

Disch_92./4 c s

in; hr_s." Susp.

Method coef. _______ Hor. angle coef. Susp. coef. - G.H. of zero flow

Gage Reading Type of meter {0 e AA : Meter No. 5595
Time Recorder |Outside
50> Date rated ' for rod, other

Méter Pricc Ak 4 above bottom of weight

Spin before meas. ’\’{( after seconds . .

‘ Meas. Plots % diff. from rating __

e e A e .

feep) mile, above, , gageand - 10 C Kon ne | te ‘!‘v(‘"f\
Weighted .
MGH
GH.
correction

Correct
M.GH.

Conversion equa.

Battery voltage

Measurement rated{excellent (2%), good (5%), fair (8%), poor (over 8%) based on following
conditions: Cross sectio [ee f7m<dw Uins Pt an dL‘n%, ' [(Awu 1Py FI\YW
- Flow conditions [6W - ﬂ/\m/ : _Weather _Wa/ma ‘ll‘ povEsl ¢ bvAg

Air i Fa Water Fe
Gage

Control

.Remarks

Record removed

@pablg{ ice, boat, upstr. sid_e, bﬁdgeéQL_ o

it



Measurement #______

Discharge Measurement Raw Data Sheets

Page ‘__ ofL

Angle} Tape Revo- | Time in Velocity Aférf.m .
Coef. | dist. |Width| Depth | lutions |seconds|At point [meen in vert.| angle | Area |Discharge Notes
2.7 left A water
3.5 07117 |43.°| .8 7]
g.é 0.9 |29 |4z 1.52 2.05
6.5 o | QUe<{H23 | .2 2.04
g0 [0 138 |y1.0 | 1.5¢ 12.37]
9.5 09 32 |41z |1,y 2.
;0 lo |35 lny |rg .73
12,5 105 |35 |42.0 | 1.4 2.99
K0 M5 4ls | s 2.4¢
|l5.5 L1 |36 |4 | 142 314
(9.0 13 %5 |yif | 1gs 3. 40
¢ 25|43y |5 {208 Y.27
20,0 13 (YT b | 202 Y$.%3 :
1215 [35 U7 | Ya.o|as) .04 ‘
23.0 DY 1Y ldne [aaa 4,44
24,8 145 35 |Ju5 | l.ga - 3.95
26,0 1,55 |32 43.8 |1, 61. .75
27,5 12 117 |43 ] .44 |49
2%.9 | R.cht ”MJ'C wTir

Price AA: if rev>40, V#2. 17 (rev/seconds) + 0.03
if rev<40, V=2._18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds



McBain & Trush Meas. No.
Frmty-River Gaging Comp. by 3SR....
Moro Lole Checked by

Discharge Measurement Notes
Station name S L C(—t,f,k , MAC A S-Le,v\ Units (SV/English) E’\q { R 1’\
Date £-4-94 , 19 Hydrographers Tdo\,r\ é‘&/ v
Width Area____ . Vel. GH______ Dish
"Method & - & No. secs. ~ G.H. change in_ hrs. "Susp.
Method coef. . Hor{' angle coef. Susp.coef. ____ G.H. of zero flow

Gage Reading - - .- Type of meter Meter No.

Time  |Recorder |Outside
13:S0 | St A o Date rated for rod, other
ISy 1EnD - .
Ao b} Meter ft. above bottom of weight.
Spin before meas. after seconds
Meas. Plots % diff. from rating

Wading, cable, ice, boat, upstr., dowstr,. side, bridge

feet, mile, above, below, gage and
Weighted _
M.GH
GH
correction
Correct
MGH

Conversion equa.

Battery voltage -

Measurement rated: excellent (2%), good (5%), fair (8%), poor (over 8%) based on following
conditions: Cross section=QO9 ¢ £2. /Q“r- gu)ﬁmd sob: bile ceose scc’w},«
Flow conditions Weather g:)ue!' siat  sone 1eld wmgosloess
Air F@ Water : F@ ' '

Gage Record removed

Control

Remarks




: Dlscharge Measurement Raw Data Sheets

P ¥ TPy c“"r b

R

LA o TN

P T

R L oa ta s By N page . LTI

ters aeme s e - e v e

% Td?: Width | Depth ﬁﬁvof; m‘: Vi?md mmA! h:j;:;e Area | Discharge Notes .
Yo g (LSt wode ~ eﬂ%
s 4o 1.45] 65~ 14z
/ 3.6 .45 |So |4o.z
i 44 .0 .80 {SG (4.0
Y |.7sl€0 14948
NELE L7C |50 |42-S
5 47.6| sclSS |93
.. |4g0 1-H0{SO  |44. 4
’ 49 .0 13¢|ss 142.7
DH SO-0 (1ol | 4T
~ st 0 IV |Sss |g2-2] « e
22 [ lsed Lot ss 43.0] i
g | s lo (S50 |44.0
‘g - Se [-o | 39 |dzeo
g IS S. c-25|49) |4dz.0
§ s6.0 o4 so |43.9 - -
- S%.0 0.504z |4t
'5‘?-2 S8. lLoo|za [4v}
;': 5% .5) o.90|5% (47.0
I o] |om|se |4z
3) | sto |lo-eo|ss |uzq
f i 475 6.90l4S |dp.q
| 6350 o-a0] 33 |Yo.¢
g0 630]30 |gq.1
ccol  lo.gol4s s
- o.¢31 5% 4.6
670 o-Jo| 46 |4L9
622 ONg 37 |42-¢
': 672 O.Sg13. | y4
3.0 osol |4tz
-> 424  [z00|SS |42.2

. Price AA: if rev>40, V=2.17 (rev/seconds) +0.03
if rev<40 V=2.18 (rev/seconds) 4 + O 02

Q.?H» eilak

Use 0.2/0.8 method if depth>2.5'

T_me of each velocity measurement must be >40 seconds

- —-.4...4.‘:- a—mw., . e



McBain & Trush

Trint=RiverGaging
Mono (o ke

Discharge Measurement Notes

Station name [-W"f PVAC(G«CL D ij n:J Units (SV/English)

Meas. No.

Comp.by J.Ru:-—

Checked by

Eﬂj{,’gL

Datealua‘ ‘_‘l 1999 Hydrographers;i Rair

Width_ 19 -5~ Area |0.S°| Vel _Lgg GH. _ Disch.) 7.2
Method _O- €. .~ No.secs 28 G.H. change_—— . in_ hrs.  Susp. _
Method coef. Hor. angle coef. Susp. coef. G.H. of zero flow
Gage Reading Type of meter 'Pr.’u. AA Meter No. Sth
Time  |Recorder |Outside
1V 1S st 4 Date rated for rod, other
1z:50Pm e .
: R Meter ft. above bottom of wexght
Spin before meas., O /< after 90 seconds
M&s Plots %dlff from xaung
Wadmg, cable, ice, boat, upstr., dowstr,. side, bndge
feet, mile, above, below gage and
Weighted
M.G.H
GH
correction
Correct
MGH.
Canversion equa.
Battery voltage

Measurement rated: excellent (2%), good (5%) fair (8%), poor (over 8%) based on following

conditions: Cross section

Weather Ova’w{_ Shnowi—

Flow conditions

F@

/

Air F@ Water
Gage Record removed

Control _C Jer —

Remammacl~l' A 'oqrmﬁ,_,‘L G ress s:g'l-'.\ fﬂtn! JL:S sgag[ /0

TUVREY

-
- P 2

r

ZL//\ 36'@ ?0—464‘,,__,



I

O

10

A X

ST -

Discharge Measurement RawData Sheets ... ... ... .. Page —of

‘Measurement #~ et: - s
e o e T W IEE L LT ErSt et o e *'J&*‘&;
énoeglﬁe 'ﬂla: Width | Depth 1};;;; m Vi::i‘:minm £ h::.ij;;ge Area | Discharge Notes ‘
23 o| o Z | Lefl edae o‘(\l’.x.\“'(/
el |oss|2® |ay <
7.0 o.4|z24 [424
3.5 o.5]| 33 [4v.3
g.0 0.85] 30 4SS0
le.< ool 34 |4I-F
q-0 o.4s]Z® |42
9.5 0.60l .8 |43.v
16,0 6.¢0|2 [44.3
-y o- Lo Y [47.¢
Jit-o |c.0| 36 [41.%
W< o.cclaz |9z20
fz-0 O .o az qz;f )
12-< o340 (414 '
13 -0 o.eo40 [91.€
< o-8<|gz |4¢-3| e )
.o 0.820|3¢ |2
9.5 o 3CI3E [ 419
(S o o8 D6 | Hz L
1<-S 0.2 36 | 4.6
K.o o- 8o 3;4 “1-4
LYl |loge|3¢ |426
£2-0 G Ro|3S5™ |47
351 Jo.adzo |4oa|
8.0  |ogs|36 14lo
e < o802 |Ul.?
. 6-Io0| 30 |Y3.}
.5 265123 [4i.4
7] o.cof U 1L
(a o }§L %Ll w[gz/ of e de” ‘

Price AA: if rev>40, V=2.17 (rev/seconds) +0.03

if rev<40, V=2. 18 (rev/seconds) +0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds

B A= S U Y

R -‘!-’.«-"qﬁn A....ne'a TS e



McBain & Trush Meas. No. 42 (2 f‘feﬁa
Trinity River Gaging Comp.by 7. isrshs s
bower Rush g ~Chaunel Checked by
Discharge Measurement Notes

Station name__ XS A § Ten Chp el guéé’cﬁmzs_(svgngush) ff;?/fsfx @d‘fa z‘wfr@)
Date_ 2! J"'V . 18_99 _ Hydrographers b Adrersu ” 7 b\/rr'sfe;i -

CWidth " Area Vel, CGH___ Disch.
Method ._ No. secs. 70 G.H. change O in [ ws. . Susp.
Method ooef.'_‘"" - Hor. angle coef. Susp. coef. . G.H. of zero flow
- - - Gage Reading Type of meter /V\af5& M Rirac (\, - Meter No.
Time Recorder |Outside :
- 1140 Date rated for rod, other
R —— Meter ﬁ;bovebbuom <_>f weight _ o —;
R Bt Spin before meas. after_ ~ "  seconds ° L
Meas. Plots % diff. from rating S _ ]
@bie, ice, boat, upstr., dowsu,;lde,bndge ﬁ,_\,_lggf;‘% : : A‘
feet, mile, above,below,gagean& ' 4/‘f~®|€?/\/'vvi-ct( d»«flnﬂ
Measurement rated: excellent (2%), good (5%), fair (8%), poor (over 8%) based on following
conditions: Cross section xecllent x5 Clagimo e;,.a,o..-s\ Flows ui form
Flow conditions Unlg--f»\ T Cuem Wgather Uoor Suan i/
Ar __90'Y  F@ Water __63°f F@
Gage ' Record removed
Control
Remarks (pmpores Maorsb  AMcRYrne J) v AA
L] { ( Fi i 14

AR




llnae‘:-—mmnn 4 &8 !

Measuremient #_ | Discharge Measurement Raw Data Sheets Page _ of 7/

= frev<40 V"2 18 (rev/seconds) + 0.02

Dy R - u».;,;.

Tlme of each veloctty measurement must be >40 seconds .

gie T:f Width | Depth ‘1::\;0; 2";3 Vi?fi‘:mmm h:j;::e Area | Discharge Notes .
.o R Leb ftie Fiater
12.0°|f.0 |0.4 Yo.o loyp | ¢, b ~
125" /0.4 0,7z (43
1e.o'| \ lp.9 0.8 73 B
0150 \ o .34 1,34
o | \li7 ] 1ug /62
e | ), 2g )2 2.4
120 © |l.z0 )95 2.53
J.s | o 2.12 2,47
20,6] / |Lwo 7,12 2.97
2uol i s Zsy 3,06 S
T 2zl z.1}, 3,16 T
o l;fo\ o 247 3,44
| 24|\ Py .92 2.£/
Closol \ |y 2.55 : 2¢7
NIRRT 24, B 3,32 o
|23 / 1,20 .54 3,05
- |a8o| ¢ |10 1.95 2,14
. K.0]1.0 |0.95 0,32 68
30.0|1-2 |p.5p 0,32 19
1314 | st 8 )
| lu3Y]
\\ /’/
: PneeAA. if rev>40, V=2.17 (rev/seconds) + 0.03

Use 0.2/0.8 method if depth>2.5'

“v;’,h -




Measurement #_ 2

Discharge Measurement Raw Data Sheets

Page [ of {

Price M messare /ot - 2306 ) XS AL locte..,. Condoe) Rustck

Adj. for
gle| Tape Revo- | Time in Velocity hor.
ef. | dist. |Width| Depth | lutions {seconds{ At point [mean in vert.| angle Area |Discharge Notes
Q o ® /990 A S
[vzel.0]0.3|)0 |43 53 6 -
3.0l 0.5 137 142,34 .70 25
4ol  |pg 15 |yzi3 g0 144
IS0  |le 23 Y534 L1z - /12
o 1 3o [Yz.z3 157 173 )
(3o .z 53 Mz.15 173 Z.07
13,0 L3 |36 |4z /¢ 24z
e L3z |3 Y204 7.0Y 2.76
Zoo| « fige |UZ |y199 2.25 2,15
20 o Ly |Y24% 2.27 3.18
20| LY |Yg Y234 .49 349
230/  |l35 |YF |4213 2.45 3.3
2Y4.0 las (g Y24 2.5/ 338
2500 N3 4T 4195 7.57 13.3Y
Rbo|  ]1.3e 4T |4z 245 A 219
230 L1514 MLk 2.32 2,67
790 J.og|13 1 [43.02 /159 [67
L%0ll-0 1690|3444 0.bb 160
20.0|)2 D5 |4 |4Y.07 0,23 27
314 g /5)p
TN
(134,500

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03

if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'
Time of each velocity measurement must be >40 seconds




Measurement #

-Discharge Measurement Raw Data Sheets Page __of _
A ' :
Adj. for
Angle{ Tape Revo- |Time in Velocity hor.
Coef. | dist. |Width| Depth { lutions | seconds|[ At point jmean in vert.| angle Area |Discharge ‘Notes

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03

if rev<40, V=218 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds




. McBain & Trush Meas. No, |

Tﬁnity River Gaging Comp.by 7T, WQJ'E!‘Y :
Checked by
?V;S H cX. Discharge Measurement Notes o
Station name ¥ 90 opstra g - J+ €2 Units (SV/English) _g"wl' o ‘tb.%s a’g ;;4.7‘ -
) . 2
“—E??_t*eiu Jul-? . 19_9% HydrographersAD, Mku'cw T, “"“’,‘}‘t’ ‘
Width Area Vel. : GH Disch:
Method No.secs - 226G G.H. change in_ hrs. " Susp.

7 Method coef. Hor. angle coef. Susp. coef. G.H. of zero fiow

_— Gage Reading Type of meter Mgk Mo Btr’v.g,-’l/ . Meter No.
Time Recorder | Outside : .
Date rated ) for rod, other
Cme e Meter .. ﬁ. above bottom of weight S S —
Spin before meas, , after seconds
Meas. Plots % diff. from rating

‘ - ﬁ&blé, ice, boat, upstr., dowstr,. side, bridge

feet, niile,_ above, below, gage and EE )

Weighted
M.GH
.GH

M.GH

Battery woltage S

Measurement rated: excellent (2%), good (5%), fair (8%), poor (over 8%) based on following
conditions: Cross section

Flow conditions Weather

Air F@ Water F@

Gage Record removed

Control

Remarks ) ~




Measurement #_| Discharge Measurement Raw Data Sheets Page ___’_ of ¢

| beol 1772
Angle | Tape Revo- | Time in | Veloci Af Adj. for END Jz232
Coef. | dist | Width| Depth | lutions | seconds | point lnemninvert.  fhor. angle] Area | Discharge Notes
‘ 3 olusig| —tas [0yz| “Ye g 28 / 2 4)'«;(' ups%r-m\
foollolhisl |7 |b¥o ’ 195 (ks —apes -~
5ol ) [lw] |\ [Rz# 7,27 ~
bol| | jle] 2,1 vz
20| |12 I oRatl | | 3.0¢
goll llzs| | |=3g 299 |
Toll llzs| | =~ &8 | 3,5¢
p.oll V.30 2. 70 3,
.o .35 - .93 3.94
Haoll |38 |2 : 1369 |-
43| | 2,35 3.4
ol t3s] | |29 374 | 343
15,0] | |15 3.2% 4.74 |
ol |)ys 2.i2 - usze
V2oli |lvs] | Bos B R £ 2 72
8.0l |55 2.1 Yad |
9.0\ b5 EET 443
2o0|} |lbo 2.85 4,55
20| | (has| K8 HoY
Q.0 | 5| - 2.90 4,74
230 Vs | a9 4.93
40| | {Lés 2,05 5,03
250 | |40 9 Y78
20| | {10 2,64 4.y4
230|v | 135 l2.3% Ugs
2860 |L¥o 2,65 4,50
29019 |liso .33 12.69
R1.8 ‘ ' Réw
T (Jrozes
PneeAA. |f_rev>40 V-2.17 (rev/seconds) + 0.03 . Use 0.2/0.8 method if depth>2.5'

2118 (revlseconds) +0.02 Time of each veloc:ty measurement must be >40 seconds

e m\»a&-a-’q -"f”“‘ - “V
-




‘ McBain & Trush Meas. No. 49-0/

Trinity River Gaging : Comp. by
Checked by
Dcscharge Measurement Notes

Station nameLowc- ?o;&wia ?h\ Ln «IbUmts (S/English) "a/ﬁsrf. '[ﬁ!dl 4(.: é&‘}é 9
Date 2! Jd’(v ,199% HydrographersJ A/Jg"w T Wors {/v - \ o .
Width Area . Vel. : GH. _. B Disch.
Method " No. secs. - GH. change ) in__- hrs.. Susp.

Method coef. Hor. angle coef. __ Susp. coef. G.H. of zero flow

Gage Reading Type of meter Marsd, ALSR 1a g,\/ Meter No.
Time Recorder |Outside ' :
Date rated N for rod, other
iVIeter B ft. above bottom of weight I
.Spin before meas. after seconds .
M&s Plots % diff. from rating
‘ ) | (Wading, dable, ice, boat, upstr@ side, bridge | © e
e A } S , e
@nue above.gageand wS 10110 -
Weigitted S
M.GH : )
GH .
correction
Correct
M.GH
Conversion equa.
Battery voltage

Measurement rated: excelient (2%), ood (5%), Xair (8%), poor (over 8%) based on following

conditions: Cross section shallow o Fotm terh 4w A A

Flow conditions (eced ‘WS SPIIvS Lun o€ Weather_ S umng fowe 28 mpb SW wﬁ:/j
_L F@]_ Water __ (3 F@ ]i,(yo

Gage Record removed

Control

Remarks T, $ dtsdavflf 8 e izl Aew ﬂa/&v(\” /)Lamww/\ (tach
‘ - COnnai S a9 Calw’uhd Uaw Lrrw fW\'MVw O - /0 ch Q)

R e e e s T L  a




Measurement #_// Discharge Measurement Raw Data Sheets 4 Page _7 of 7

' Begin 1356
Angle | Tape N R Revo- | Time in { Velocitv At | Adj. for E b 8 /o .
Coef | dist | Width| Depth | lutions | seconds | point fneaninvert  |hor.angle] Area | Discharge Notes )
b.y ﬁ/ Lewo
£0l)s |03 25 loh 25
Veol2 BF] 1 hyz3 2.00
2.0l 2 |05 l.y3 Y3
Mol2zlos ]| | |y R RELA
o] 2 |055] |08 2,29
lg.0|2 pbs| | |23 2,90
0.0l L 1090 | R.te 482
2Z2.0| 2 09| 2,85 S/
2.0 L 140 02?? ’ LY
Rio| L |to| | |ZAs] L9
2807 lLan| | 1B.g 763
ool L {2 ] | |Boy] 7.30 S
320 L |l.2 2.9¢ L.§Y
.62 [Lo| | |2.39 Y47 |
380/ % o2 | | |/ # 1746
Y0807 |0.7 r 2,06
92002 ol | W3y &Y
I 1930l 0.5 (.00 55
M f ) ,// REW I8H £am
CF201 )
I I




— {
McBam & Trush ... Meas. No. Ao -c
Trinity River Gaging -+ Comp. by
Checkedby

D:scharge Measurement Notes

Station name [owe( Rush x5 ~4+§7 Ui i)

Dateﬁ Y- 00)6 Hydrographers Da//u,, IM,o/aU

CWidth___ Area_ ' Vel - GH Disch,
Method _ ' No. secs. _ GH change in_ hrs.  Susp.

Method coef. ; Hor. angie coef. __—~ - Susp. coef. G. H of zero flow

Gage Reading - Type_ofmeter AA MeterNo _L
Time Recorder - - |Outside . - -
1A L3l lexs o+5¢ ) Date rated forrod,other
. 19y e T Mom £——:| Meter - . ' fLabovebottomofweight o
1235 END WmipiT = o - . SR
- -} Spin before meas. - - - after seconds

‘ Meas. Plots ~ % Giff from ratmg

) (Wadmg;mble ice, boar, upstr., dowstr,. side, bndge |

above, below gage and

MGH | e - - -
GH ) [PPN R R -
" correction R T
Correct . ) -
MGH
- " Coaversion equa TR LI -
Battery wltage R

Measurement rated: excellent (2%) good (5%) air (8 %), poor (over 8%) based on following
conditions: Cross section _[ay/es Rusiy XS - A4g) - U{)J,‘f A~ 60 B pn ke ceuf Lo it 2ven (‘t.w

. Flow conditions Madsisd¢ ~by | O in Weather (letef . walmn & = [r’”(“ &
Air F@ - Wwater_____ F@

‘Gage ' Record removed

Control

Caapimaralii e -




Measurement # 00 -2 77 DlschargeA—Measurement Raw Data Sheets Page-( of __/

ReV /g X_2.8 + 020z

Angle | Tape Revo- | Time in | Velocity At | Adj. for T :

Coef | dist | Width| Depth | lutions | seconds | poimt meminvert  |hor. angle] Area | Discharge Notes
29 | —1— Le W

Yo s o |27 e |1y3 — 1103
Go (Lo (1] |d] |4eq |220 - 24T | Plow AtWec 24 (rpn M)
6 |1 {11 % vy |16l a7 '
70 |1 1 1YY dof 220 ' - 7.49
g {10 [l0 | 4% {410 |20 22
Fo Lo [0 TYe (il 295 | 248
po.0 {02 L) |46 | | 23 | =lze?
oo | lo {105 {38 JyaM [147. C|2.07
120 | 1o |105]50 {4 |Z62 ] 275 | zo.07
AN RV IR PERR C7F 9% k2 0 B C | 2.26
MY [ho flo Yw %0 {247 | |2y
53 e W g L] zeq | w2y | e -
fos 100 LA [ 46 | ] 2ue U z3 | .
g | ) [vasyas L] 2.0 S EE T | '
o | - (W 9 daesefasy ) | 3.30 | -

(4 R R LT RE I R SE P 7
loo | 1|10 |52 | wgx]a99 - 1332 | 7250 ¢
U |- )13 sy a2 | 3.4y |
R0l S My |41 |29 |3y
Wb M- e | gime| osa | 1 | _|3se
M0 W53 918 20y 2.5y
% g WS T35 @33 | sy | 270 [Guble wpdhv. of raeTor
0| |18 od [ 4ET {2y 428 |
oy d st 13| 2 a7 | 25 u7
%2 Lus 15z 1413 |27, I{_—.;o
245 1556 fupg [2.847 L
5 5 L lco eS| 300 , eS| 7 n’}
e 5 160 qz—;;i, 200 | - - Y,6§ \ ' £5/ ‘
300010 |12 |G- |98 2,08 - 13 T

2.9 5 |1ig|28 | HiBldasts . 18 | 2207 _
) Price AR if rev>40, V=217 (reviseconds) + 0.03 Use 0.2/0.8 method if depth>2.5'
e 2.1&(:3vlsaconds)-+002

Y S ST
T :




V4

(X d’(?( ' & - x - ko
e = 4; _ ~ et

Tt

C & STaqe on XS 6 40@
‘ . McBain & Trush Meas. No. 7 g
. . Trinity River Gaging Comp. by Bor

Checked by
Discharge Measurement Notes

. .. (onnector 4 A'-.‘\)
Station name( €eVin, o (re e_ié) Bl e bonned « Units (SI/@
DateJure I& 1942 Hydrographers tiecd. top kedng, CeofTine Belin

. Width_2!.© Area_287/ vy _9.85  gpeee Disch.- /2¢, 7'
Method M " No. secs 22 GQH 'ch_ange‘_o in hrs. Susp. _—

Method coef. < Hor. angle coef. _—""  Susp. coef. _ —— G.H. of zero flow =

’

Time Recorder |Outside

Date rated : for rod, other

Meter ft. above bottom of weight

Spin before meas. ___ OI< after__ 90 seconds

‘ Meas. Plots % diff. from rating

\cable, ice, boat, upstr., dowstr,. side, bridge_ 6O
%w»s‘f

A mile, above gage and o & LY 4 B-1 Cm'; e

Weighted
M.GH
G.H.
correction
Correct
M.G.H.

Conversion equa.

Battery voltage

Measurement rated: excellent (2%@, fair (8%), poor (over 8%) based on following

conditions: Cross section _ S Ao IXs lnasr  Some Lloco loce o ichd o, o #ro e heidt |

Flow conditions l‘l\q('\/. C_(é_.a'\ y Sovrooth Clone, Weather _{u'\'\‘-j L 1S -0 F

Air F@ Water r@
Gage ' Record removed ~
Control

‘ Remarks

" K$LHOP For Stoge on Lfvss

R L TR TN~y SR O Py A

Gage Reading " | Type of meter. Pe G Ak ] Meter No. SOQ <4<

By o s,

P

e e

INIRI Lt s LA,

Jawa

G ARt vt




/’!’// Measurement # Discharge Measurement Raw Data Sheets Page l of &
o . 866 1.857
¥lolx ¥ I x A< ] - 3
Aczie :?;f Width| Depth 153‘::5 sTei::xz AxpoiXelrr(:ai:Yn vert. a}:x"gli; Area |Discharge Notes 4
_z_[: 1 G 0.2 = = WS 1po | LeGred,, of, widew
o eSS 10339 |ys 1.9) 2L | .50
¥ | .7 |oags| 39 | us 141 MY | .9
7.5 5113 | ys | us 220 | |.bs 143 ]
g | 517|638 ys 2.83 .95 24| :
g5 s|19|s6|vus 233 90124 - o
9 1S |iglgs| s y.13 .90 222 -
4515 [ 1.3 1o | ys 533 & 1443
(0 | .S 1 1% o | Ys | S.33 HS 14.5
os| S| F9s5 s | | qie 95 1262 |
|5 ]1.85] 3S | Y8 2,65 93 12,27
s s 11.9) 10 | vs 533 1.9 1507 |
12 | S 1/9s| e | ys 533 97 _15.20 |
2.5 -5 11951 08| ys $09 96 | 457 ‘
13 | S11.49 |/05]| ys S.09 95 |43
1351 5 17195 | /00 | S | 45 Y ‘/73
| s {Las | e | ys $ 33 99 15.20
ws| s 120 [ s | ys 3.02 Le5 12.27
I | 5122|650 |45 7.26 /10 1249
551 .5 1z.2 [1S0 | YS 7.2t | /1017 99
o 15120 lws ]| ys 5.09 eS| 525 Mugugebé%
sl 12.0]%0 | ys 4,37 Jop |37
3 15 |rol90] ¥s y.33 f) |57
35 |5 |19 hs | us ¢.0b 95 |8
| -S 11830 ]| us .30 90 5.7
851 -S| s |90 ys 618 .99 4,40
4 | .s|/¢|l30]4s ¢ 30 90 | 5.0/
MAst-slie |20 s 5.32 90 | F¢5
20 | S |13 |30 | us 3.1 05 1227
Price AA: if rev>40, V=217 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5'

if rev<40, V=218 (rev/seconds) + 0.02 . Time of each velocity measurement must be >40 seconds -



McBain & Trush

Trinity River Gaging

v

Discharge Measurement Note

AY
Station name LQL Viag w«C'“QJ\ ﬁ J ij‘-hkd (mne‘hﬁnlts (S1/English)

Meas. No.

Comp. by
Checked by

'G.H. _—_ Disch.__

hrs. Susp.

G.H. of zero flow

Meter No.

for rod, other

after seconds

% diff. from rating

~aAwEr

Date , 19 Hydr graphers
Width____ Area Vel . -
- Method_______~ 'No.secs______ GH change
Method coef. ____ Hor. angle coef. Susp. coef.
Gage Reading Type of meter.

Time |Recorder |Outside .
Date rated
Meter ft. above bottom of weight
Spin before meas.

‘ Meas. Plots

Wading, cable, ice, boat, upstr., dowstr,. side, bridge
feet, mile, above, below, gage and

Weighted

M.GH

G.H.

correction

Correct

M.GH.

Conversion equa.

Battery voltage

Measurement rated: excellent (2%), good (5%), fair (8%), poor (over 8%) based on following

conditions: Cross section

Flow conditions Weather

‘Air Fe Water Fe
Gage Record removed
Control

‘ Remarks

ALy, 1 1 Y LM S RMLETU S et o 7% s e Ty e Lt oot ©

o me

-

v e S

L
LT R B s ST

U PO Sy e e B g e s

e N o e A7 B T A




Measurement #

Discharge Measurement Raw Data Sheets Page Z Q’f' _Z_
Adj. for b
Angle| Tape Revo- | Time in Velocity hor.
Coef. | dist. |Width| Depth | lutions | seconds At point |mean in vert.| angle Area |Discharge Notes
203 -S| 13 |65 | 4e 3.6 W5 2.0
H 3 ©- 210! 0w kf&t{,e— A roec~ ¢ hannd
2¢.3 0.25] ©- S | e | ot small b chaunel.
2551 1 lo.25] 30 | S | HF 24 .27 ‘ :
2S5 .25 - 24| &
Y. 9.3 zyp & 9££~ cha v\;«e‘
B .
30,5 o | 9|95 |_ | 3.3¢ 1,0 | 5937 | :
5
38 0.6 - 10 64 )]
Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5'

if rev<40, V=2.18 (rev/seconds) + 0.02

Time of each velocity measurement must be >40 seconds



e
oo
McBain & Trush Meas. No. v -6, 4
Trinity River Gaging Comp. by
Checked by

Discharge Measurement Notes ,
Station name L1510t cRY. IS cpbtoos Units (S £ i3,
Date_é-5 19 7€ Hydrographers m;é’éﬂo; ERBILL . _
Width /3.2  Area 2346 ve_3.22 GH _—— _ Disch 2543

" Method o€ No secs. 20 G.H.change_ O _in 2.5 hrs. Susp.
Method coef. __ — Hor.>angle coef. _— Susp. coef. = . G.H. of zero flow __—
Gage Reading Type of meter ﬂ'ﬁ‘ Meter No. _$ 25
Time |Recorder |Outside 5
//: 56 —_ — | Date rated —_— for rod, other
/2 2o — ) = .
Meter _ ft. above bottom of weight

Spin before meas._ 2 '8 7 after_ 225 seconds

Meas. Piots - % diff. from rating

able, ice, boat, upstr., dowstr,. side, bridge__ 4
@, mile, above,, gage and XS 323
Weighted )

M.GH i lr ST U Y o TP
G.H.
correction
Correct
M.GH

Conversion equa.

Battery voltage

Measurement rated: excellent (2%), good (5%) {fair (8%) podr (over 8%) based on following
conditions: Cross section 24262 ol pes  waviis  LoulH [P A R TI%y,)

Flow eonditions 5 173_7’0 Y Weather __£L/gpus  Ovibessr—
Air - Fe — Warter o Fe@ _ —

Gage - ~ Record removed —

Control ____Q 00 w097R Sama Ri1™ZL S clesrT

‘Remﬂsm& <I¢Cnolj‘

VATt G AT L A ARAEATI I 0 L S i o TP 0 e Ny 4 A e Rty "

P N S AR P 9 A Y aih e

LT NTH

UL B O A KVl SN LA

LAY e, L

‘acant, V- ! e RN  fo i 1 e LAY A o AN = 8 A A ST e 4



Measurement #____ Discharge Measurement Raw Data Sheets Page __of ___
Adj. for
‘éﬁfﬁ" g?s}:.e Width| Depth 1&225 ;r;:loi;, ALpoiXe:&f:j:z’n oy :;0;1; Area |Discharge Notes

/.7 LED

2.5 /5133 | v2 |72 173 |1.3¢ b2

3.5 13 % | yo |32 | _ W2 112 RF0 | oo Reck

145 Ls|52 | Y0 1295 RB5IE 1545

[£51 ¢ ler | 9 1454 YA 2.3

L5 [zl |0 |37 Y.3711-35 |5 40

0,0 L1 | 71| % 388 282 .95 12.69

9.5 /0163 | oo |24 345,45 |3.29

g,s .5 189 |40 |2.2% .A31.95 |13.07

g.< L7 1 ug |70 1203 _R631.65 2.5

Yo /5 | Y5 96 YT 2.47 ogjbg & Rock
5.5 28| %5 | 91 Loyl I |1.A8 |2 s

/o0 24 | 53| 9 4| 4l 120 13,49

/0.5 2.5 63 | 3.2 3%, 1128 421

e | |25 |67 | v 1358 SB[ 1.28 144 7

4S5 s L | v 385 B.951.25 1482,

el |28 |26 | 4o |48 d.1501.25 15,44

s 24 | 8o | a4 132/ 2] 11.20 385

)36 Lo | yy (s 123, 2361120 | 283

B jo | gs | 41 (3.2l 2205 |08 | o0 crppz oy
/48 Ly | g5 | gy |56 263198 1356 "
19,9 <®)

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03

if rev<40, V=218 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'
Time of each velocity measurement must be >40 seconds



15?”508 e

1
Ej" B! Y
/MO
McBain & Tfush_ Meas. No. Ly.9f0/c
—LeinitrTRiver-Saging Comp. by
/6220 | - Checked by

_ Discharge Measurement Notes -
Station name_ B~ ¢ M [5f Vigioes Units (S N, <55
Date -5 19.9€  Hydrographers p)ERAD - . - . . | -
Width /%3 Area [S64 Vel _3.2% . GH __—— Disch 053 -
Method_ﬂ ,N;). secs.______ G.H change O in @£ hrs.  Susp. _—_

Method coef. __— _ Hor. angle coef __ =~ Susp. coef. __— ° G.H. of zero flow -
Gage Reading Type of meter M Meter No. S5
Time Recorder |Outside ) R
13,00 — — Date rated o for rod, other
1330 — —
Meter — ft. above bottom of weight

Spin before meas. Q57)  after 2029 seconds

Meas. Plots — % diff. from rating "~

1cable, ice, boat, upstr., dowstr,. side, bridge_% S0

e ,mﬂe'below, gage and _ modSU 0 LA-5S
Weighted .

M.GH . LR )
G.H
correction

Correct
M.GH

Conversion equa.

Battery voltage

Measurement rated: excellent (2%), good (5%),oor (over 8%) based on following

conditions: Cross section _LAB  SURA/Gd  whvizs ~ RoObH LRFus B2

Flow conditions 5773on Weather __L1f5  oviReAsr
Air ~ Fa@ _ - Water B F@ -
Gage = Record removed ~

Contral ___Downs RCA~ P ArLE

‘ Remarks __ UQRSFRE 2130 Closs  gfe/P8) ~ LaRes Bbgm,g Bzo

AL BTN 1 a2 P T B 1 @ e A Ly 0+ (Bt Ry *

[IERLY R P RESY

.

N s e oy e L A e 3 R

S o o

75 Bnme £ Tl L g S A 3 T AN GRS = ¥ P Ay T s rn e $ TR VY,




o~

/o
N
| AS
/3
.,4
2]
A
N
/g
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o

Measurement #_&V-7&0o/C Dischafge Measurement Raw Data Sheets

Page _J of _/

“n L WM

Adj. for ‘

é:egée ’gsp: Width| Depth 1}:};\;; ;reiidusl AzpoiXeln?ec::]i; vert. .::1; Area |Discharge Notes

2.9 LELD

3.5 6.6 3% | 42 |94 \44 | AT |96

4.5 05 | 67 |40 |2 97 3.77] 28 |4\

50| 08|72 |40 a6 3.9 4D |z.3C

160 )5 | 49 4o |2.69] A 1132 (3.0

(.5 18] 63|90 |345 BY o =200

10| lrslss o 120 3.10|.% 232

7,5 Ly |94 |41 |5.0) 5011 .70 |2 <&

g.o 1.5 |90 |90 |dq 4411113 |5 53

9. L.9]¢s |40 |32 2R 520

2.5 15| ¢3lv0 Y53 4S3 1475 1240

/6.0 /7158 |9 |23 219 | .85 |[_70

/6.4 1.4 165 | vo0 [3.56 _ 57;, 70 | 2.49 : J‘

). 13142 |41 (23] 331,65 a5

)i 13 160 | 40234 2165 18,17 )

JU.0- 1,26153 |40 | 24] 241 1.5 |12

Rs|  Jrzs\ve | 4 1935 225163 14l

/3.0 08|47 |90 |28 S%| o 11585

. 0.85] 3o |4L /:57 [ SR .35 L3y

/5.0 lo | #3 |43 P20 22| L0 2.2

lep 0.8] 3 |70 o :70'-/)”5 .74

/7,2 REW

Price AA: if rev>40, V=2 17 (rev/seconds) + 0.03

if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds



p (37 {
Epfﬁ’emo PQQ 79/ X :,
e e ;3
‘ McBain & Trush Meas. No. Mong LV 780/,%
: ' Trinity River Gaging Comp. by
Checked by

Discharge Measurement Notes

Station name |2 ¢ V'm'mg, Cloele - poector chay. Units (SI@ SC_c4s

- 1
Date.Jvne G 19 4€ Hydrographers Merci]l : M(C(GW "

widh 26 Area 4S8 Ve 2.4 GH_ ~  Disch L58
Method 0.6 No. sees._2/__ GH change _ O in0-5 hrs. - Susp. _—
Method coef. __ " Hor. angle coef. ___ Susp. céef. — G.H. of zero flow

Gage Reading Type of meter__ AA Meter No. _595_
Time Recorder |Outside
[7..2Y — — Date rated ____ —— __forrod, other
|2!5% e o S )

Meter ‘ __ft. above bottom of weight

Spin before meas._ 2+ 57 after_ 425 - seconds

‘ Meas. Plots -~ % diff. from rating
' , cable, ice, boat, upstr., dowstr,. side, bridge _/0__

AL Do ) Bl

. mile, above, (below) gage and _gr0em STedkte £ Lufon
e meawegéean 2 ]

MGH - haanskoun -

G.H.
correction

Correct
M.GH

Conversion equa.

Battery voltage

Measurement rated: excellent (2%), good (53%) \fair (8%)) poor (over 8%) based on following
conditions: Cross section _ v f>7¢ Woves

W
Flow conditions éﬁc 24 y Weather Ui 6w} uver(agt
Air Fe Water Fe
Gage Record removed

Control __dewn g Lam  1d]¢

‘Remarks vo_ lotea s belw .D:O—"Iu'msm hub bt Macler #

LA L L A VAL Pt b e A A TN

ad oL S




Measurement #__/ _ Discharge Measurement Raw Data Sheets Page _fof |
h Adj. for b
Angle| Tape Revo- | Time in Velocity hor.
Coef. | dist |Width| Depth | lutions |seconds| At point [mean in vert.| angle | Area |Discharge Notes
2 LEW
AN ECAC IR bR 120 |, 5Y
s.0 (08| Ho| 3l | 4] |7 L7, 22|.37
55| 35]30 [l [0 21119 | .23
6.0 SIEIEEND 1921017 | .22
¢S |5 do|Yb | ¥o o352 253|201 .51
30| 5| M5 43 | Yo |53, 13|22 | .53
351580141 |40 |267 2.58:25 | b4
¢o | 5] 606l | Yo |3a4 2.41.3011.00
&5 | .51 60|36 | 42 |y 99 184 |.20 .57
q.0 |5 |,55] 68 | 4o |39, 3.72|.2% | .02
95 ].5|.55] 33| 4l (334 39 \|.2% i.o?
10,061,513 | s¢ | 41 |3.1p 3,10 | .35 .07 ‘
0:5 .5 Fo| 45 | Y] 2.4 2Y)| 25 .74
o |5 | 601Uy |y |22p 2. 20|20 | b9
LSS | 80| | 4o |y s .45 | 4o |).66
2.0 |15 |40 |43 |41 |52, 23 |.ys | ).od
(25,5 | go |13 | ¢l |.65 92140 |,37
3.00.5 |80 |22 | 4] |14 L14].40 | .47
3:5].5 | €0 | 53 | 4o |3.12 32| 90125
o |5 .30 [ 50 | 40 |20 2.9, 25 |.97
5] -5 | & |24 | 4l [1.20 120 up | 52
15.0 REW

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03

if rev<40, V=218 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds



‘ McBain & Trush Meas. No. 9%072

A AN 2Tt 4 v T e A Ly s A e earh s+

Trinity River Gaging Comp. by )5
Checked by
g N
Discharge Measurement c;?ss} vy ad 3033) ~ “'J(""b

Station name L@LUW\.( M Cf&—&k Maﬂr\a«anhe( Units (SI/'@)
Date_ﬂ_ 19.9¥% Hydrovraohercllua(,. Hlvl’aw Scolt A ‘*&"“.

)
A K ras L, At

.

Widh_#.0 ares_42.38  ve 3.5/ . om Disch. /4/
Method M No. secs._é_ G.H. change —_in hrs. Susp. _— ‘
Method coef. ___~— _ Hor. angle coef. < Susp. coef _ <~ G.H. of zero flow __~—— .

§'
Gage Reading Type of meter Pyice AA- Meter No. & 00545 N

Time |Recorder |Outside . : i
Date rated = for rod, other ke

Meter e ft. above bottom of weight . -

Spin before meas. oL after__ 79 seconds -

‘ Meas. Plots % diff. from rating
@cable, ice, boat, upstr., dowstr,. side, bridge_

feet, mile, above, below, gage and

o B Y 1 R e wN g

e A

Weighted

M.GH \/’L LE78% Lgim XS R+uSand 3472
GH: . -

correction

Correat
M.G.H.

Conversion equa.

A AVEN R g Y

Battery voltage . i \

o

Measurement rated: excellent (29 %), good (504), fair (8%, poor (over 8%) based on following

conditions: Cross section Sh_bd_.w W aren Up Yy o L‘“}. <o brrengo ) \‘xuawba S&meﬁj’
Flow conditions (—(éM 1 w»w Weather _ ( (popn Se !

Air F@ Water Fa@
Gage - Record removed -~

Control (t,(‘((z G\-ﬂ/if c,(paf\

‘ Remarks

K W LA AT

Jreer

KA, Tt B nap A Nl 5 W o, Brrme Tl s Py i1 SR



Measurement # Discharge Measurement Raw Data Sheets Page _) of

é:eg;e 'g‘:srle Wi‘dt.h (D\;pth 11‘};‘;;-5 3;;;:; Axpoxxelxgec::; vert. al;:l; Area |Discharge Notes

.5 © |0 = Vi O | Lt edy of poToosucs

i+ 4110 ©- d2s | & | back water

10 1235 |0.3 | 23 | 45 113 | 307180 |.2.0%

zzl.as‘)l.g 0.%| 35 | y& l-34 oS |14l
123 |is]|og] 43 | us 132 (30" 1120 |20k

21__5;'5 0914 | 45 234 | 20° |1=s |20

26 | 6€ ] 1o | 61| NS 2.9% | s )sp | Y

2;? 151 |62 | NS 3.02 | i5° |5 Y 67

24 135 10 |95 |ys |~ |40z |2 l1a7 |59/

20|/ |),2]m0 |y | v.85 | ° |1 o |5.92.

I sy lys | oo | ©° o 14 05

22 | 1 |15 | 20| 98 c.g2 | |150|A£ 73 ,
33 | 1 (13| S|y s.$% | & [.70]|449 - ‘
Wl faelpolus | | 533 Voo | 853

3s |1 |13 [ r20] 45 5.%2 .75 | 9.89

3 | P |[g s | ys 1 ¢.06 .80 | 0.9

33 | {1yt ¥ 3.4l .20 | 6. nf] beblii X rock

35 | 1 |19 (490 |yc v.37 190 8.3 | shll behind rock

39 1M 12,0195 | 45 §.61 12wl 922 !

Yo | ! |19 |85 | us .03 lﬁo 3}.895] b v

y | s o |ys 630 LG | 1.3

y2 | 1 |13 |1os | 4§ .09 %0 | 9.1

43 | 1 | 19 |00 | 4S H.95 .90 | 9.22.

Wl jes] 90 ys 4.3% .30 | ¥.97

41X 200 | 65 | ¥s 3.16 L STl d ey

v s liylasles | 192 901,20

4] |e |0 & P Righredyy 5 pebn ;’

Price AA: if rev>40, V=217 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5'
if rev<40, V=2.18 (rev/seconds) + 0.02 Time of each velocity measurement must be >40 seconds



‘ Remarks

McBain & Trush Meas. No. 7S

Trinity River Gaging Comp. by B2 my
Checked by
stcharve Measuremen: Notes

Station name LaV'WM CVH/L B-l covnecdor Units (S/E&ngli )
Date Jung [¥ 19j3 Hydrographers_tkid: ﬁs\’b«r& Sett Me 5*4»\

Width /3.4 . Area_ 229 Vel 3'{.5 C GE_29 b 224/
Method 0.64 No.sees____  GH change_ " in_____ hrs Susp.

Method coef. __~"  Hor. angle coef. " Susp.coef. _—— GH of zero flow _—"_

Gage Rea<liing Type of mecerpv ice. A . Meter No. M
Ti Recorder |Outside :
— —— Date rated / for rod, other
Meter ft. above boctQm of welght
Spin before meas. oL | afte;r To | seconds

—_
‘ - Meas. Plots — % diff. from rating

@able, ice, boat, uﬁstr., dowstr,. side, bridge__?PL

@, mile, above, below, gage and ‘@;MC 2o nm.
Weighted . ' P . .
M.GH 0L B-§ channed petrance

G.H.
correction
Correct . m%’“ &
M.GH. =

Conversion equa.
Battery voltage ) )

Measurement rated: excellent (2%), Q % falr (8& poor (over 8%) based on followmo
conditions: Cross section _ {rwpv?hn; byt ¢ Apddpnas

] kél"‘
Flow conditions S ’V‘ﬁbd’L‘ Sonm~e rocle ¢h p\’i eather (/(lﬁ\/\J
“Air F@ Water F@
Gage Record removed

Control i Lo ("} Q/('-C (L‘amfc:S\>
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‘Measurement #

Discharge Measurement Raw Data Sheets

Page L of /

®

b % % ) Adj. for
gz:fle ';?s}f Width| Depth lf:i:;; :ei:;;: A:.poi:/;ellr::)f::‘i’n vert. al:gtl.e Area |Discharge Notes
0.5 oz | O & Lekteda e o voden <ol
2 1) |03 |27 |4 [-33 .20 ooy
Lol o4 b | 45 2.9% 20 lo- 59 '
3 ) .clov]er | us 2.93. 26 lo.54 | e
3,)5‘ Sloy | ys | y¢5. 2.2 20 | o4y | 5@&6&@\,\1 /\.oi
g |-S|oy|se | w5 | 233 20 |oss | |
ws|-Sloy |zg |4 | e 25 | 033
& |Slos |59 | y& 1.2 25 | 032
5515106 |bl |45 |- 249% 20 | 0.%9
6 |-S|p3 oo | ys | 4.95 .25 | 130
6S 1 -Sloer|us |us 559 25 | 1,95
72 | .$109]95 |4 q.b) qo | 1.9
25 | .5 |09 | g5 s 4.13 HO | /.68
2 1.Slos|go | 45 4. 58 Y /3
35 o5 lpg | 35 | ¥ 3.65 HO | 140
90105 ,.p ] tio | 4§ $.33 SO | 2.67
9.6 {651 1.0 | /o0 | 4S 4.35 S0 | 243
o 10 1695|100 | 45 qes HY 12,32
w.s o |pas| vs | vg 4.13 Y [ Vab |-
n_{°5slo% H%“ 75 y.13 4O [1es
S 105106 139 | ys /.63 20 |.sD
2 jos]os |33 | vs 136 25 1 .47
aslos| o5 29 | 4 14245 2< 136
13 0S| oy H Y ,2) , 2D .04
13.5 2 () < wier; QJJ" o ikt benll

Price AA: if rev>40, V=217 (rev/seconds) + 0.03

if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

~ Time of each velocity measurement must be >40 seconds
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McBain & Trush
Trinity River Gaging

Meas. No. 94-0/
Comp. by

‘ 2
Checked by 5 Da (/5@ 0 ‘

Discharge Measurement Notes

Station name lnuej Ltbu:tl{lv\( M?"‘W S‘iTM sbhove
- (‘;dcw Chsvern,
Hydrographers Dottt 2 o

X5 - &
Date D -0 ) 19‘M
Width (3.2 ¥+ Area 1.7/ £42
Method _____ -~ No.secs._____

Method coef. ____ Hor. angle coef.

_ TN
U Sl/Englis
.rﬁxil'ifs)( \_n/g/h)

D a4

Vel.__. 72

GH _ "2 Disch 275
G.H. change_;_ .

in hrs. -Susp. _

. G.H. of zero flow

Susp. coef. _

- - Gage Reading Type of meter Pr e Ah Meter No. S595 L
Time Recorder |Outside A '
2 LV Date rated for rod, other e
Meter ft. above bottom of weight

Weighted
M.GH

at

Spin before meas. /(] /

Meas. Plots

feet, mile, above, below, gage and _

after seconds

% diff. from rating

cable, ice, boat, upstr., dowstr,. side, bridge__ . -

%5 ¥

G.H.
correction

. Correct
M.GH.

-Conversion equa.

Battery voltage

Measurement rated: excellent (2%, good (

conditions: Cross section __ 13 (~Ads I CHCS S et

5%) \fair (8%), poor (over 8%) based on following
sbhollan = fm/u} £y

Flow conditions _|y)u, Kt r L >y v Weather _ |30 T ‘;' Stapn Y
Air Fe Water _22°¢ _ re

Gage Record removed

Control

‘(emarks .




Measurement # 44 - }

Discharge Measurement Raw Data Sheets Page ! of

Angle| Tape Revo- |Timein|  Velocity M
Coef. | dist. |Width| Depth | lutions |seconds[At point |meanin vert.| angle | Area |Discharge Notes
7.7 : ' Left a%e wates 7,90
b5 04[22 4256 L[4 2
G0 0.4915 224 2% .0b
45 ¢ 1L l43k5] 62 12
10 1.4 125 l417%] \.22 24
i0.5 99 125|417 V.23 Y
I 5D [H81¢| .23 0
.5 9 [34 1428|178 4y
» % 29 |4€.12| 1.0 4§
125 7 133 WY 1L%E bl
I3 5 |37 a4 0.0 .50
Iy 5 |20 |H35] 1.y 40
1 % laa [higy | g5 L2
45 Lo 24 |42.p| L.2¢ 53
[5 A 127 |ulaj| e &
15.5 S 2% {94 1es 37] Voo nf cork
t A b 426 %4 Y
W 5 L.O1g W] L.oo .50
V7 LA O (Hl 17
sl 1 b |4 |47 g 20
sl .4 20 |w.mlof 1
9.5 S 1L 14194 34 1§
20.3 S 16 |Heg] 33 g3
2l H.?L-‘} Gng+er
wetet femp, = 53°
//
AL

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03
if rev<40, V=218 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'

Time of each velocity measurement must be >40 seconds




& Messultimepnt Aoy >t W‘y w24
(958 seehm XS-Y  nu (awer LV G-l 4
Cbl?vwml, lse> t2d ~ ISD € V{tS)Jem Frova

\0 H'W dF e [t >ﬁ1. :
‘ f 4 McBain & Trush Meas. No. 94-0f
Trinity River Gaging Comp. by Z.L .-

Checked by 1) urion
Discharge Measurement Notes

Station name_l&ue/ Lu U)IMK Bl thrunmel Units (SI@‘)
Xs~Y
Date_5 /61947 1 Hydrov‘raphers ?\ar/w Myelisv 2.4 S'l—ccku’

Widh. 1. 0 £+ area $.23 £1* va 2.09 L5 Gy - Disch._14. 75
Method "No.sees "~ GH change__ in__ hrs, Susp. »

Method coef. __ Hor. angle coef. Susp. coef. G.H. of zero flow -

. . i/"
Gage Reading Type of meter_Pr1 /< AD- Meter No. ¢
Time Recorder |Outside >| ' /
1+ 30 Date rated — for rod, other GhH 15 -
Méter — ft. above bottom of weight

Spin before meas. [Y) rec _after  ~  seconds

‘ ' Meas. Plots ol % diff. from rating ;

Sl
cable, ice, boat.dowstr side, bridge gm §

‘mﬂe ‘ below, gage and ‘7-"HKM F &
Weighted . e sag ‘P_‘b‘” o
MGH ‘
GH ' ' Wd Le

correction

Correct

M.GH.

Conversion equa.

Battery voltage

Measurement rated{excellent (2%),)good (5%), fair (8%), poor (over 8%) based on following
conditions: Cross section {Jn (Lu/ vn 2 anin97 P’vsw e C'L\’h {v [>V X3
Flow conditions WIwWhr base Flow Weather l‘}'Di' 4 Sum hy

Air ~ %0 F@ % m Water _ 529 Fa 2 P

Gage Record removed

Control 2N«

‘Remarks




Measurement # 94 - | Discharge Measurement Raw Data Sheets Page [ of ___

Angle] Tape ‘g' Revo- | Time in Velocity Aféior , .
Coef. { dist. |Width| Depth | lutions |seconds|At point [mean in vert.] angle Area |Discharge Notes

s |es o0 V. s | $ |l Edge WiAer

120 105 Jo7 | 3] |42.4]].41 Ku 35| .98

125 (04107 |27 |4z.1]1.9¢ 199 | 25| uf

3,0 0.5 (34 43,0 l.74 .79 | 25| .44

s | o7 |42 |ded |2y 146 ] 35| L7y

.6 06 |50 WHlo |2.e8] |24} .3 | %

M.S .y |26 |430 |} >4 1.3¢| .4 | 59

500 106 |5 (Y6 ]2-49] 2.49) 25| ¢l

5,5 04 |12 |49 |0. 4% 0.6 45| 29| Behind washeim bollis

o | + |04 |4S (423 |2.3¢ 224 4 | g¢] [ '

b:S 0,7 |28 |H7Z |50 .50 5| 53

1.0 0.6 |23 M7 [1.52 L22] .3 7]

75 | os |26 |szs | LA L 25 | o0lBbidt Ly cdeps bidre |

Ko 0,5 |78 |41& |1 93 48] 25| 37 i ‘

4.5 0,55 |45 |f2.0 |2.3¢ 2% a8 | s

o | |64 |so i |zas 240 4 | (o4

195 0.9 |34 I{ZA .94 LLgb| 45| .44

2.0 0 |5/ [Yz2.5|2.43 2630 .4 | g5

05| |oH |50 |yau |2, 247 2| .59

200 {0635 |430{l.29] - |Lva| .3 | .54

2.5 0.9 | 50 |420]a 4 Cla2.e| 4] g

22.0 0.8 55 (46|29 28 1 4| 1.1

25| loa| 5o |4z3]2. ¢ 2.4 | 33| q

130 0.6 |4l 424 | 238 239 .3 | 92

Bs o6 |4 |JLo|2is 12.0 | 45| a7

24,5 oY, Lk edg wolir

4/&‘0\’» ‘

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5'

if rev<40, V=2.18 (rev/seconds) + 0.02 Time of each velocity measurement must be >40 seconds



‘ | McBain & Trush Meas. No. 44 - |
Trinity River Gaging Comp. by _Z.l, -
" Checked by ! Ve /1 e
Discharge Measurement Notes .
Station name_Up perloe VIns - Lhaianed- Units (‘SI/English) ek
T vpsY e of XS 06 160 ) -
Date_ 5/(/ 1997 Hydrographers Zeb Sfes brr 8 Dotten Mierae
Width 7944 Area U013 €4* v .29 %Lps gy - Disch._14.3Ycfs
Method b/lo No.sees._ 40~ GH éhange;ié_ in hrs.  Susp.
Method coef. Hor. angle coef. Susp.coef. __ G.H. of zero flow

Gage Reading Type of meter_P/ ce 4AA . Mete;r No. ;S“S'i
Time Recorder [Outside '
2o g-4o ] Date rated for rod, other
Meter i : : ft. above bottom of weight
Spin before meas. dmin 2 ) 572 after seconds
‘ Meas. Plots % diff. from rating

able, ice, boadowstr,. side, bridge_ /%0
: feet, milebelow, gageand____XS 0b +§o0
Weighted TN

M.GH
G.H.
correction
Correct
M.GH.

Conversion equa.
Battery voltage

Measurement rated: excellent (2%)_good (5%),}air (8%, poor (ovgr 8%) based.on following
conditions: Cross section Deer  di>uvg < @ o5t velnuh, : lafg& boldacz

1 . /
Flow conditions W n~{iy L%t?‘ M&W Weather __(Uears { [aRadiss)
Air F@ Water Fa
Gage Record removed

Control RI q’) €

‘Remarks




Measurement #_(_'(_‘1_:0 /

Discharge Measurement Raw Data Sheets Page Lof 1
Adj. for .
Angle| Tape Revo- | Time in Velocity hor. ,
Coef. | dist. |{Width Dept.h lutions | seconds| At point [mean in vert.| angle Area |Discharge Notes
55 |  righd e rader
9.0 1.3 110 |4z¢q] .48 3] _
0.5 L3 2] |#444[|.05 L9
O Lé |31 |#2.2]1.83 .30
.5 | 16 |30 4.45]1. b0 1.9%
I les |22 [¢tie| 107 | e5g
1.5 1.€ |29 %01 1.5 L4
Iy g |4 |41.56]2.17 ' 2..06
(2.5 2.0 |40 |41.31]2 43 1.13
3 [.7 {44 |41.98) 259 1.99
135 L9 121 |41.A[1.02 1,06
4 L5 |l |49245] .54 53
4.5 Lo |8 45,24 .40 22 ‘
15 .9 |7  |449¢] .3¢ .40 ‘
A Cight edjf \w e
B
1 M

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03
if rev<40, V=2.18 (rev/seconds) + 0.02

Use 0.2/0.8 method if depth>2.5'
Time of each velocity measurement must be >40 seconds



McBain & Trush Meas.No. 99 -0 |

Trinity River Gaging Comp.bty _Zl

Checked by i 2 2V o
Discharae Measureament Notes

Station name UD w Lu\/ inike 2 Conmectrs Units (SV/ETglisH) ‘g‘)'/ﬁ £s
upsrvesn, F sRTEF 5

Ce.
Date 5" - & , 19 ﬁm Hydrographers 8‘ Daen 4 Zefo )
Widh_12. b€ " Area 25, 17 442 el ). 4 fps  GH_ Disch_ 7 .$Y ¢ €5
Method _6/e - " No.sees' 90 G.H. change- in_ hrs.  Susp.
Method coef. _ Hor. angle coef. Susp. coef. G.H. of zero fiow
Gage Reading - Type of meter Pice AA Meter No. 5595
" Time Recorder |Outside :
2:.%0 0.6l Date rated ‘ for rod, other
— Meter - ft. above bottom of weight- -
Spin before meas.__ (4} | after : seoonds
Meas. Plots %dxﬁ” ﬁ'om ranng

o @bﬂe, ice, bodowstr,. side, bndge /0

) o «-/@mﬂe,above,below, ge and &éove {/"‘Aﬁg §1
Weighted .

MGH . o - m B psnu ector
GH — —

correction
Correct
MGH
Conversion equa.
Battery voltage

Measurement rated: excellent (2%), good (5%){fair (8%),)poor (over 8%) based on following
conditions: Cross section __¥ cfy shotlew W T Prrce pA wielhr

Fiow conditions Wiwar (g Mons Weather (l¢3y I jsaasmn
Air F@ Water F@
Gage Record removed

Control _Fwlronee o R . eomuete,  borm  mouinslom

Remarks




—

Measurement # _@/ Discharge Measurement Raw Data Sheets Page _/ of _/_
3 ?: Width{ Depth I}::'vo: :e::: vi?md‘v in vert & h:r‘.ij;::lre Discharge Notes ‘
2.5 | le£4 cc}jf U der
25 251 % |42} 4y 0
Y 25130 14573 Lgs g
¢S 3032 |y173] 1sa 29
S 351230 %046 1.73 "0
5.5 2 19 .,.‘tz.\%a .4l 0b
LI 10319 |%93) .4 12
7250 .3 ]aa @941y 3y
3.5 35123 |45 1.2p 5
Q- .S 119 %299 ;‘?9- a5
LK 5 |31 439] 1y 1
| to & |22 k4ol 1.4 Mi
| lips] le |23 |4rdr| (92 o L
RRTREEE A 42.01| 2.4 M ‘
1.5 | |us |y gal2.08] 59 _
L dea] e |27 |#ml e 57 ] _
2.5 .7 12% 419701 45 51
(3. B | 4L (98| 2.y &8
I35 b e w3 2. b¢
4 S5 12 4599 .59 26
Is.1 Cigbdedoe 0€vater
J J .

R

ceslogeswa ek

Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03
if rev<40, V=2.18 (rev/seconds) + 0 02

. Time of each velocity measurement must be >40 seconds

Use 0.2/0.8 method if depth>2.5'



o LY c McBain & Trush Meas.No. 99-¢/
vee Trinity River Gaging Comp.by 7.0
. Checked by _1>5 /7 ¢4
Discharge Measurement Notes s
Station name Uom,/ LLLVW\MA 5 4 W\)iumf Units (S(r/ﬁg?sh) o /C fs
- (o ¢ :
Date S - b , 1999 ﬁ;drographers ° oL 5( Dt ‘ ' .
Width_32.% €+ “Area 24,70L£+% va_ .20 ps GH Disch,_25, b
Method _%/o - No.sess 4D G.H. change in_- hrs.  Susp.
Method coef. _~~ -~ Hor. angle coef. Susp. coef. - G.H. of zero flow
. Gage Reading Type of meter ricc A - Meter No. 5545
Time - |Recorder |Outside ;
4 up - Date rated for rod, other
o / $9) m\Ne«?\ ] h
. - — Meter & above bottom of welght
Spin before meas. / V” after ___ " seconds
Meas. Plots % dxﬁZ from ratmg
ble, ice, boaows’u,-. side;'-bridge - /0
. - fee mﬂe,@oelow gage and xS 3 + Lﬁ(
Weighted »
MGH - :
GH
correction
Correct
MGH .
Batiery voltage

Measurement rated: excellent (2%), .good (5%), fair (8%) poor (over 8%) based on following

conditions:Crosssectionja:/lM wnibyim ANswv condibrag | Sh(lvﬂr lowfcu;-;_
Flow conditions __ N, wlv Smtpm'w Weather \/\)31/(/\/\ 4 Sn g

Air F@ Water__52°  F@ 7 W

Gage Record removed

Control __fL. 1 ¢

Remarks

&

i

i

wdid



" “Meéasurement # 47 -0 (

Discharge Measurement Raw Data Sheets

Page _/ of /

Use 0.2/0.8 method if depth>2.5'

Angle| Tape Revo- | Time in | Veloci Adj. for ‘
[Coct | dist | Width| Depth | lutions | seconds | point eaninvert  |hor. angle] Area | Discharge Notes
ua r left c:/f,'(.o WA er
5,0 0.2 |15 1437|777 RL
6.0 1125123 |24 1.2 Ncis
s Job |1l [423] g4 7k
o job | b [u2T| gyl T TR s -
205 04 |20 |ulE | 1.0¢ -, b4
T 2200 0.651 28 (Y23 | 1.yg 143
1235 0.8 |27 |433]| |.38 L.bb
1250 05 | 24 {427 | 1.2 A3
aes 0.8 | 25 |41 || 3y .54 -
CEIE 0.9 |29 [454] 1, y¢ 1.9 =
=HZ2YS 0.5 121 |4hb |11 | .%¢ 2
e s Eih o 45| 2L | 475 |03 ‘70
I k724 10 | 25 |g3,1 | 1.2 1.93
L TEE R 0.7 [2b | 41.9] 1.2¢ .4y
B A L9 111|923 ). oo N 2:1p
=370 12 )25 {417 | 1354 2. 43
o X 0.6 | 24 407 | 127 VoI5 10, of (och )
Lelwo] T To7 Tque [ 1as 22| |
N I TR 0.45) 26 |42.% 1,34 .91
NI T ¥ 0.3 | 1€ |y2¢4]| ay 44
T s 0k | 1l {Y2] 5 . b4
Tyed  |pio Rt 2dge W Fer
=
’(25‘16
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‘ McBain & Trush Meas. No. 49 ~ 03

Trinity River Gaging Comp. by Dyrren Medam

Checked by
Discharge Measurement Notes
Station naﬁegppe( LCC Vlwn_5 M“;'l!\ C{’\“'Vmel Units S 1 EP / Sec
Date 7'16 19499 Hydrographers_Daffev. ™M <o ("“Q*'?:S) Touwn Herslay (metee)
 Width____ Area Vel © GH.___ Discho_
Method 06 " No. secsf_”L G.H. 'change'_-'in hrs. Susp. —_
G.H. of zero flow

Method coef. ____ Hor. angle coef. Susp. coef.

Gage Reading Type of meterMa bh M Brine ty Meter No. VS F ws$
Time Recorder |Qutside ‘
(0,5 0.0 Date rated - for rod, other
I{ 20 ©.0
' Meter __ —— ft. above bottom of weight
Spin before meas. - after D seconds
. Meas. Plots — % diff. from rating

Wading, cable, ice, boét, dowstr,. side, bridge_ |0 <0 “

mile, below,. gageand __ X% 343D
Weighted . @ 8 .

M.GH
G.H.
correction
Correct
M.GH.

Conversion equa.
Battery voltage

Measurement rated: excellent 2%), good (5%), poor (over 8%) based on following
conditions: Cross section 'Q'.(;t’l v Solbue poar lul°5 - Mo awsle wear )

Flow conditions RQCCAC'D\j Snawmelb rumyt Weather _(ta¢ 1 caulm
Air ~ §5° F@ Water Fe

Gage Record removed

Control

‘Remarks

.§¢
(1.4 \ -~ ‘7 7.4
1 lede



At

nos

H e <y

Measurement #ﬂi@ Discharge Measurement Raw Data Sheets Page '_ of _L
e |
Adj. for
Angle| Tape Revo- | Time in Velocity hor.
Coef. | dist. |Width| Depth |lutions |seconds|At point [mesn in vert.| angle | Area |Discharge Notes
127 lelt Edce Waker
o (1Y |pa2 02 0/ 0
5 |19 10.67 [t 142
8.0 115 10,5 149 )12
as |15 |es 37 %° fio3
2.0 {15 | 068 1.39 35° 142 Y70
22.5 |15 |bJ0 1,74 35° .82 '
244 {15 |08 1,48 35° 1,38
55 115 |67 1.99 25° 7.09
{170 |15 |6.95 227 | 70° 3.1b
%5 |15 |og 2-40 l0° 2.5
30.0 [1.§ |09 2.19 0° 349L 628
35 115 | k1 1.4 p° 3.4y
330 |15 |15 149 0° 3.4Y
By.s |5 | 237 o° 3.(3
300 |15 |14z |12 0° 7.60 "
37,6 |19 [l 163 2.9Y ¥
39.0 |15 |11 |.bS 2.97 | 150z x>
'L;aS S |lo 2.40 7 L0
Yo {15 (ko 247 3.6
435 1S |65 43 I5° 1,04
S0 |15 |b82 174 30° 204 | 1.e3
Yo | 135 (0.6 Y 30° 0.4¥
Y77 P edge wetir
e | T T
(|s0.gg = 6 )
Q E 9893 ds I —(%#ﬁ-—-ﬂ(ﬁ'ﬁ&#d Gor amglzs\
\ Cﬁf"trb"ul ‘Q/ G—4.L ]
471 ! REW
Price AA: if rev>40, V=2.17 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5'

if rev<40, V=2.18 (rev/seconds) + 0.02

Time of each velocity measurement must be >40 seconds



‘ McBain & Trush ) Meas. No. 49-0 3
Trinity River Gaging Comp.by DarrevMierav c
Checked by R

Discharge Measurgment Not?s/>ﬁ e
" Station name_ Upppe Lat Vinid B ~connednl  Uniss! SUEngiishy ] _FY /sec.
1l i
Date_7-26 19 94 Hydrographers_Dalttn Mg cav LTo ’5\“/

 Width . Area Vel. GH ‘ Disch.
* Method _ No.sess___ - G.H. change in_ hrs. * * Susp.
~~Method coef. Hor. angle coef. Susp. coef. G.H. of zero flow

Lo Gage Reading | Type of meter Mecsh MCB«(NV Meter No. \)SF\!\)SW o
- .Time Recorder |Outside | v
..... 1415 0.7 Date rated for rod, other

oz N4 8 o
e Meter __- —_ ft above bottom of weight

Spin before meas. . after seconds

Meas. Plots % diff. from rating

‘ e .., ble, 1oe, iaoa@dowstr,. side, bridge_ € (%

. Wegmd —T @"““’@?‘Y’@m", B-lamue Sge'q.(’ ol o

- "MGH

M.GH
' Coaversion oqua. ~ - §
e EEEEEE—— e R - _A.___, o )

Measurement rated: excel[ent (2%), good (5%, fair (8%), poor (over 8%) based on following

conditions: Cross section |5 ¢hal(nw W ita wrsdei o ¢ §\/(('U(¢; hibh s uir

Flow conditions ' Weather

Air F@ Water F@

Gage . _ Record removed )
Control

Remarks _£-¢4 jvnalc A mosnmuen lece ‘/K'ls\nr o B tomnecter (RH shte .

Q51 Yascd v Llamenh s J&‘é@[ GWhA on shec ;‘ﬂs*f Curloce




1

Measurement# 79 .03 Discharge Measurement Raw Data Sheets ™ ~Page_ ' of '
ot | e | it Do | o | e |2 M | s Notes ‘
31 UZ@.”'VI.A"{ wWaler
35 |.35]0.2 0.0 ©
e |.9 {32 So I3
%.51.5 (.39 L2y ,21
5.01.91(,3% |94 32 | e
5515 138 © as 3F |es
Lo |52~ |,98 J4 Lo
LAg .5 1,30 1 LY 1,3
1.0 .5 ].312 .28 Jz0 |Lsi
255 |30 [z A9 )1, Fo
g.0.1.5 |35 148 £ 2% 1,94
8515, 28 |93 .24 |z.20
o |5 | 30 )31 272 |z .y
9515 [ /35 Al 1,12 ]2.49 ‘
ls.0° .5 |40 /5 .30 12,99
10.5|.2 |4z lz.o3| | | M3 {2y _
il.o. .g" 135 [.73 .30 |2, 32
L& |5 | 4z {1.1g ,2F (3,99
0Z.0]|.5 |65 2,19 ETHCEY
12515 |25 2.8) Lasls. 35
/3.0].5 1080 KT e 14.93
13,51 .51.85 23§ L2 |86
10,5 |90 ax: /.20 |9. 30
19615 1.35 3293 [.y3 | )D. 3%
5015 bt 2.3% (84 | .43
5515 bo 2.33 S2 | /2. 45
6.0 1,35 .20 (03 L DO 1z.95 We,
.27 ' REW
(6.1

Price AA: if rev>40 V=2.17 (rev/seconds) + 0.03

if rev<40;v =2

18 (reviseconds) + 0.02

Use 0.2/0.8 method if depth>2.5'
Time of each veloctty measurement must be >40 seconds

@t e z\s wx ;'t-"mrus O



‘ McBain & Trush Meas. No.

Trinity River Gaging Comp. by
) Checked by
’ Discharge Measurement Notes A
Stationname__lee Vinlag €I A~ Br) chuand Units (SUEnglish)y T¢ef m Yeutd, s

Date 2¥ Jule, 1999 Hydrographers_D, Micraw T Wirs /(/V

Width_____ Area Vel . GH __ Disch.
-Method _ No. secs. ‘G.H. change in_ hrs. ~  Susp.

Method coef Hor. angle coef. Susp. coef. G.H.of zero flow

. Gage Reading | Typeof meter_Mars L Mg "aes Meter No.
‘Time Recorder |Outside
})3230 9,50 Date rated __for rod, other

ey Meter 1. above bottom of weight R

Spin before meas. after seconds

Meas. Plots %dxﬁ' from ratng _
‘ S (/( cable, ice, boat, upstr@ side, bndge Bt sEEF

R feet, mile, above, below‘and
Weightod

- MGH - : ] o~ Zop ! dosw chrp g

GH
cofrection
M.GH
" Conversion ,qm"f,“?‘;'._ v T C
Battery woltage

e ————————— W

4gm 4{;,

Measurement rated: excellent (2%), good (5%), fair (8%), poor (over 8%) based on follownng
conditions: Cross section

Flow conditions Weather

Air F@ Water F@
Gage Record removed
Control ‘

Remarks

o
.
X




Measurement #_%03 Discharge Measurement Raw Data Sheets Page i of _‘_
énoic -ﬁ: Width{ Depth lm 'sr::g Vi?nfi‘:’m in vert & b:rdja:;e Area | Discharge Notes ‘
_[4ig]o lebt Pode Water
5.0 {75 105 0.23 09
16,0174 194 1149 fs
bs [.S | .68 _ 249 : fo2
7.0 |5 |68 | 3,04 | o | [03
S I P R N Y 2 1Y
go 1S |10 | 254 Sl i3] s
65 s Jis 308 FOADN
4o |5 |08 389 1.5G..
5% loaz 4e7 | * 187 A
1 s 15 g 410 : I I Ny . "_-;
RS ST s 4.4¢ " [1e2 | gs58
A lss e 5.0 | 254 |
L s s [ ~sug . 2.4]
Ro S | 58 317 LS
1S5 | Lo 43 % T I /%7 I
Bo=| 5 | 135 344 125 | s
B5-15 |14 | 214, - laz |
M.b | g | Lb 156 b -
4.8 | ~ Rt Fdge Wefee
(12895] = QY
“ods | S
4.8
Pnce AA |f rev>40 V=2.17 (rev/seconds) + 0.03 Use 0.2/0.8 method if depth>2.5’
s Of rev<40 ), V=2.18 (rev/seconds) +0.02 Tme of each veloctty measurement must be >40 seconds

TR ] ':/s...._-.«. o
N , PO el -Aan .-‘ _‘.M‘ﬂﬁ« S A U
3 B




Dateduac | 18

Méthed _S -6

McBain & Trush
Trinity River Gaging

- Dlscharge Measurement Notes

Station name (e VI —~ Qn_g@. A“‘Q’Mnm‘ Units (SUEnglish) . , ..' _
Hydrographers Douuc\ Klqu«. 'T'. B

e S 7 VYSAY .
Area- 112._.1' Vel. 2 .00 Loy G.H.
No. secs. Z z=

G.H. change in
Hor. angle coef

Gage Reading R Type of meter Q‘: e A A _ Meteglio .

Time Recorder |Qutside -
. . e Date |,l

hrs. Susp.
G. H of Zero ﬂow

width_{. 5@

Method coef.

forrod, other -

Susp coef .

e R e
-— ...;._z..-_.__,_.... S Ay -
: :

- ﬁ.abovebottom ofwexght ,

v S e - /—_\ .
Measuremem rated: excellent (2%) good (5%@%), poor (over 8%) based on following

conditions: Cross section

Flow conditions
Air ' F@
Gage

Water F@
Record removed

Weather ___ L 1 ’c!ck',

Control
"‘lw'c.'ifn“’ Oéa 8() S l'.z(-ﬁ-"as( Sc(,l'-ut -
e 1 e




~

Measurement # OCOZ

Discharge Measurement Raw Data Sheets _

Page ___o

Tape

Tme n

Velocitv

Adj. for

Coef | dist | Width| Depth | lutions | seconds | point fnesn inven “ hor. angle] Area | Discharge Notes
&S] | Lefd cA%e f ade %! . |$-,L{O
L BS 25 M0 [434
1 A.0 29 | Hea 430 ,.
S| |as 115 | 227 95,0 »
A 3 151|452 -
L les] | [0 uz2
‘ I 14 “| 637|485 )
M5 14|55 |yza il

<0

18.3

.6 |70

4.7

B Lo |65 lwal . M s

L 13.5 .5 |70 |4Ls| Ae

7|y Ly | 107 |46y :

Bl s |.4—| po- 409 | |

" I3 \M=lgo- | ysg: | _

Wl ss L9180 |92 | -

\¢ b l3:)18a |o7or| - s

a7 6.5 457 o [Hog| -

s |17 15 2 |41 behind b
Kt 19 15 {60 |40.7 -

debind Tk

H 1 o -

4

11 e 87 | po [Hai :
11 21 55 2

59 2

Cnd Yime

%

20

caps] SR

. -.J-,;u-r ;

* Price AA: if rev>40, V=217 (revlseco ds) + 0 03
if rev<40 =218

Use 0.210 8 method if depth>2.5'

_ Tme of each velomty measurement must be >40 seconds




Y (

Trinity River Gaging Comp by T G —Entered

Dlscharge Measurement Notes

Station 1 name l—tc LAY C(:_Lk A4 - CLML,\, “Units (S/English) T %
Date ) ime 2 fr’s_@ Hydrographers ! 44 <L Ly Li ( Mcc\ ’T’ Bk'\
Width [£.SA -~ Area jS s "'_V*e'i 2-$2 G.H 7 Dischi® 5: 7
Method (O No. secs. Zj 'G.H. change in_ " hrs’ Susp.
Method coef. Hor angle coef - Susp. coef. i G. H of zero ﬂow
Gage Reading s Typeofmeter Pr e AA ‘ MeterNo ST"’
Time Recorder- |Outside - : o . ,
: o Date;rated_m ] forrod,othcr' S
P Meter“ — ﬁ_above bottom ofwelght N
) | Spmbefore m&s_c*,k.. aﬁer QO .éeeon&s R =
Mms Plots % d:ff;fmmxang -
fee; above, below‘ é;lgeha;c‘lw . 5
Weighted o L ; : B moe Tmm s
MGH T ‘
GH T e -
-- -m B
Cofrect - T -
MGH
_ —— = P —
Battery wltage

Measurement rated: excellem (2%)
conditions: Cross section )

Flow conditions : Weather

Air F@ Water - F@
Gage _' S ___ Record removed
Control | B

ood (5%), fair (8%), poor (over 8%) based on foliowing

Remarks bth;a.L ‘{:ta ‘oe;\'wce.V\ Cross Sau‘l-\ cme O 6\90 OS'_-QS‘

LT e -.M__'A.-._..__....._._-..

McBain & Trush . Meas. No. m
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Measurement # blscharge Measurement Raw Data Sheets - Pag_;L of __
2:51; E: Width | Depth .ﬁ!l m V_igw in ver. & h::j;:;lre Discharge Notes

S5 o e _ %jff;é'r tfvonfinr = 1510 bacwa
s | (e |5 | T N T
9 [as5 | 25 | Yy .

oo sl ee lws | —

10 AuS| 40 | e

1054~ |15 | go|Hdry]|

[ 19 130 [ | o

/t.s [.s |§0 1952

2 16 |70 |93 |

[2.5 Sl R AR :

=3 k0 G2 I R R e R

1350 (1 | CO e | —

/4 (3] &0 (44

[7.5] (4S ] 30, 1a43Lf __ —

/5 /S| 8O IF| ) -
/5.5 [-Z | 1001424 TSRS

e | 103 5o Joas] - Geloid o il

= |/F|33 s Sl BeShic
[ ixle lwag Beloeo ) G .

/7.5 IVt Folso | =

1¥ 135070 |5y

feat {73 [0 e

/4 L9160 |yg2

AD F 11 192

21 )

L2 Q-;;,bf([,?, Leyates = 155 e

. Price AA: if rev>40 V-2.17 (mlseconds) + 0 03
if rev<40 V-2.18€(mvlseconds)+ 0.02 2

Use 0.2!0.8 method if depth>2.5'

Tme of each veloc&y measurement must be - >40 seconds
; B e TRy T

1
N
."i

7

4

5S¢ . AJon)

. m}’hm d *, ,

A



TR e pUM\ {:M ,19@ f:2$

o McBan&Truh L MesNo COFSS
o mat - Trinity RiverGaging - Comp. by :I &,5 W
o - Cheskedby

Discharge Measurement Notes : T
Station name e oo . Cree T e Units (SUEnglish) . 'Imﬁu.c.\ -
Date_Yon g.—%gﬂt{ziydmgraphersbav\ Mé m/'uai { MLL> T?Dw 7
WA E-E A §3 32 VA g o GH_ " ' Disch)22.0f
Method 2. { Nosees 3O ' GHchange__ in " b Susp.

Method coef. Hor. angle coef" T . Susp.coef. '”'"'G;H._of zero flow

: o il
: MBE e Typeof meter F’r,<_.g AA |
Time  |Recorder - |Outside -. T e

T Daterated,_ ) forrod, other “

i [V e
Spmbeforemeas QL— aﬁer ?O<c¢ seconds

‘-' e e T Meés."'mgis %dlﬁ'.from ranng

Weighted o IETERNTE RN N

LUMGH T T Babaintsall | U T, : - T E
“comectia }ITT T T T e s ' o .

Correct ) i : s e et

_ Battery voltage : ’

Measurement rated: excellent (2%) good (5%) fair (8%) poor (over 8%) based on followmg
condtions: Cross section _o9S - Y1 1, | meny bouldess
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1. INTRODUCTION

This report presents a synthesis and review of monitoring data collected in 2000 and prior
years to evaluate the restoration and utilization of waterfow! habitat in the Mono Basin. The
report primarily covers restoration and monitoring since September 1994, when Mono Lake
Basin Water Rights Decision 1631 was adopted by the California State Water Resources
Control Board (SWRCB); a summary of previous restoration and monitoring activities is also
presented. This report is the second in a series of annual reports that will document
monitoring results in and around Mono Lake with respect to waterfow] habitat and use.

1.1 Background — Water Right Decision 1631 And Order 98-05

Mono Lake Basin Water Right Decision 1631 set the stabilization lake level for Mono Lake
at 6,392 feet above mean sea level (amsl), which is 20 feet above its post-diversion low stand
of 6,372 feet in 1981. One of the considerations put forth in Decision 1631 for setting the
stabilization lake level at 6,392 feet was to restore waterfowl habitat lost as a result of the
decline in Mono Lake’s water level. However, this level is predicted to only partially restore
habitat conditions as they existed prior to diversions in 1940. To mitigate this loss of
waterfow! habitat between pre-diversion conditions and those at a lake level of 6,392 feet,
Decision 1631 required that a waterfowl restoration plan be developed and implemented.
Decision 1631 also specified that the restoration plan include a monitoring program to

_evaluate changes in waterfowl habitat resulting from rising lake level and other restoration

actions.

In response to Decision 1631, Los Angeles Department of Water and Power (LADWP)
retained three waterfowl experts to develop a waterfowl restoration plan for the Mono Basin.
Based largely on a 1995 report by these experts, LADWP submitted the Mono Basin
Waterfow] Habitat Restoration Plan to the SWRCB in February 1996. The waterfowl
experts’ report is Appendix I of the Waterfow] Habitat Restoration Plan.

The SWRCB issued Order 98-05 in 1998, which addressed stream and waterfowl restoration
and Grant Lake operations and management. In addition to the restoration of waterfowl
habitat brought about by the increase in lake level to 6,392 feet, Order 98-05 prescribed
several waterfowl habitat restoration measures for the Mono Basin that were presented in the
1996 Mono Basin Waterfowl Restoration Plan. These measures included:

o rewatering of Rush Creek distributaries;

e creation or enhancement of waterfowl habitat at County Ponds, Black Point area, or
in shallow scrapes in wetland areas near Mono Lake; and

e implementation of a prescribed burn program in lake fringing marshes.

Order 98-05 also specified that LADWP monitor the hydrology, limnology, riparian and
lake-fringing wetland vegetation, and waterfowl populations of the Mono Basin in
accordance with the provisions of the Waterfow] Habitat Restoration Plan dated February 29,
1996.
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Order 98-05 required that the monitoring program be carried out under the direction of a
waterfowl expert or experts approved by the SWRCB Chief of the Division of Water Rights.
Dr. Brian N. White was approved by the SWRCB as the waterfowl expert to oversee the
waterfowl monitoring program and to report annually on its results starting in 2001. Several
individuals, either contracted or employed by LADWP, are currently involved in collecting
monitoring data, including Dr. Joseph Jehl (waterfowl population counts and activity
budgets), Dr. Robert Jellison (limnological data), and Dr. David Martin (vegetation data and

aerial photography interpretation).

1.2 Objectives Of Report

The primary goal of this report is to document waterfowl habitat and population monitoring
and restoration in the Mono Basin as of December 2000. Following the requirements of
Order 98-05, the specific objectives are to report on:

A. the results of waterfowl population surveys and studies;

B. the status of waterfowl habitat restoration projects;
C. the recovery of waterfowl habitat from increased streamflow and lake level;

D. other information relevant to restoration/recovery of wildlife habitat.

In addition to these require'd objectives, this second annual waterfowl restoration report
includes a summary of previous monitoring data and efforts

1.3 Organization Of Report

Section 2 summarizes previous research and monitoring studies relevant to the restoration of
waterfow] habitat in the Mono Basin. Section 3 documents the results of all 2000 monitoring
activities, including subsections on hydrology, limnology, vegetation and habitat, and"
waterfowl population surveys and studies. This section addresses Objective A while giving
an overview of the entire monitoring effort. Section 4 provides a status of waterfowl habitat
restoration projects (Objective B), and Section 5 presents information on the recovery of
waterfowl habitat from increased streamflow and lake level (Objective C).

In addition to the main report, we have attached several appendices. These appendices
consist of individual monitoring reports authored by the investigators responsible for each
monitoring component, including hydrology, limnology, vegetation and habitat, and

- waterfowl population surveys (Objective D).
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2. SUMMARY OF RESTORATION MEASURES AND WATERFOWL
MONITORING ACTIVITIES PRIOR TO ORDER 98-05

This section summarizes the status of waterfowl habitat restoration measures and reviews
monitoring and research related to waterfowl habitat that have taken place prior to Order 98-
05. Waterfowl habitat restoration measures include actions resulting from Decision 1631 and
those conducted outside of Decision 1631 requirements. Waterfowl monitoring studies can
be most broadly defined as any previous research that pertains to the Mono Lake ecosystem
or more narrowly defined to include only studies specifically addressing waterfowl
populations and habitat conditions prior to and following the initiation of restoration actions.
This summary will focus on the more narrow definition of monitoring, although other -
ecosystem-level studies will be mentioned where relevant.

2.1 Restoration Measures
Order 98-05 2000 include increases in lake level and stream flows and modifications of

surrounding habitat. Increases in stream flows and lake level will be described in Section 2.2
below.

2.1.1 Stream Flow and Lake Level

The flow in Rush Creek was maintained year round at 19 cfs following high flows in 1983
and subsequently increased as a result of Decision 1631. The flow in Lee Vining Creek was
maintained at 4 cfs following high flows in 1986 and subsequently increased as a result of
Decision 1631. A defined flow regime for both streams has been specified in Order 98-05

that takes into account flows needed for stream restoration and fish habitat, as well as
increasing lake level.

From the recent low stand of 6,373.4 feet occurring in December 1992, the lake level
generally increased through December 1998. At the end of 1998, the water surface of Mono
Lake reached 6,384.3 feet. During 1995 a rise in the lake level of 3.3 feet resulted in a
chemically stratified lake condition known as meromixis, which has continued to the present.
On April 1, 2001, the elevation of Mono Lake was 6384.5 feet. Mono Lake salinity at this
elevation is approximately 80 to 85 g/l total dissolved solids. To reach the stabilization lake
level of 6,392 feet established by Decision 1631, the lake level must rise another 7.5 feet.

2.1.2 DeChambeau/County Ponds Complex

The DeChambeau Ponds were originally created in 1915, when an oil test well tapped an
aquifer of hot artesian water. The water was directed into a series of three ponds, and as

many as seven ponds once existed. The ponds had deteriorated over several decades up to
1992 and their habitat value to waterfowl had diminished considerably.

In 1992, the U.S. Forest Service (USFES), Caltrans, the Mono Lake Committee (MLC), and
Ducks Unlimited collaborated on a project to restore three degraded ponds and create two
more ponds. The project was largely completed in September 1995, although work has
continued since then to improve the functioning of the ponds. The project consisted of
rebuilding dikes below old ponds, construction of a new check dam and dike to create new
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ponds, installation of water control structures, sealing of ponds with bentonite, and
constructing a new well, pump, pumphouse, and pipeline. As a result of the original project,
four ponds were created (one with an island), while one pond was considered too expensive
to line with bentonite. The new well was found to be too expensive to run and consequently
not used. The USFS has subsequently reworked the hot water artesian well and pipeline to
increase the flow of water to 180 gallons per minute, which is maintaining approximately 9
acres of water surface at DeChambeau Ponds and also providing water to the County Ponds.

The County Ponds below the DeChambeau Ponds are natural basins that were inundated by
Mono Lake prior to diversions in 1941. Following their exposure from the receding lake,
they periodically filled with water during high runoff periods and provided ephemeral
freshwater waterfowl habitat. In 1997 water diverted from Mill Creek to the DeChambeau
Ranch was directed to the West County Pond via a ditch and the pond filled to a depth of 3.6
feet with a surface area of approximately 3 acres. In 1998 the ditch from DeChambeau Pond
#5 was replaced with a pipe, and flow was directed to the east County Pond. However, the
East County Pond did not hold water, and it subsequently drained.

2.1.3 Experimental Burning

~ An experimental burmm program of Mono Lake wetlands was initiated in 1995 under the
direction of the California Department of Parks and Recreation. These actions were
implemented prior to Order 98-05, which requires LADWP to conduct 2 burn program in
_ lake-fringing wetlands (subject to approval of the Chief of the Water Rights Division,
SWRCB,). ' -
In November 1995 approximately 12 acres of marsh were burned near Simons Springs in two
different patches, one along the lakeshore and the other inland. The intensity of the burn was
variable, depending on what species were dominant. In February 1997 a second bum was
conducted at Simons Springs along the lakeshore.

2.1.4 Rewatering Rush Creek Distributaries

There has been no activity to rewater the distributaries identified in the Waterfowl Habitat
Restoration Plan. The original goal was to rewater two to three distributaries for stream as
well as waterfowl habitat restoration purposes per year. Three were rewatered on Rush
Creek above Highway 395 in 1999. Those distributaries were done in accordance with the
Stream and Stream Chanriel Restoration Plan and provide limited waterfow] habitat. Dr. Bill
Trush, the stream monitoring expert, recently expressed his opinion that rewatering
. distributaries on Rush Creek should be discontinued until the effects on the stream can be
further evaluated.

2.1.5 Other Measures

Other than those mentioned above, we are aware of no other Mono Basin waterfowl
restoration measures that have been implemented prior to Order 98-05. Other waterfow]
restoration measures identified in Order 98-05 include using shallow scrapes to make open
water areas within lake-fringing wetlands.
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2.2 Monitoring Activities

2.2.1 Stream Flow and Lake Level

Monitoring of stream flow in the-Mono Basin is conducted by LADWP for Rush, Lee
Vining, Walker, and Parker creeks and by Southern California Edison for Mill and Wilson
creeks. Stream flow measurements recorded by LADWP are available and will be accessible
through an Internet web page in the near future. '

In addition, a monitoring program for stream restoration was specified in Order 98-05, which
is being conducted by Bill Trush of McBain and Trush and Chris Hunter, an independént-
consultant, under contract to LADWP. This monitoring program includes detailed
assessment of changes in stream geomorphology resulting from changes in flow and specific
restoration actions. The monitoring program also includes fish population surveys.

The lake level is monitored biweekly by LADWP from a staff gage located near the mouth of
Lee Vining Creek on the shore of Mono Lake. Lake level is recorded as elevation (in feet)
above mean sea level (amsl). A correction factor of 0.4 feet is added to the gage reading to
make the elevation consistent with U.S. Geological Survey datum. Both LADWP and the
MLC maintain records of the lake level. '

2.2.2 Limnology

There has . been considerable research on the Mono Lake aquatic ecosystem, largely

. beginning with Mason’s (1967) study of Mono Lake limnology. A thorough description of .

Mono Lake limnological and aquatic ecology studies is found in the Mono Basin EIR and in
Jellison et al. (2001). Only a brief overview will be presented here.

Mason (1967) documented abiotic and biotic conditions in Mono Lake, including a
description of the plankton communities. An interdisciplinary study (Winkler et al., 1977)
was the next major effort made toward understanding the Mono Lake ecosystem. The group
studied the ecology of phytoplankton, brine shrimp, and alkali flies, emphasizing the
interactions with nutrient levels and salinity.

Starting in 1979, scientists from the University of California, Santa Barbara (UCSB) Marine
Science Institute began an intensive study of limnology at Mono Lake. John Melack and
Robert Jellison have been the principal investigators of the UCSB group and have had
several collaborators. Early in the UCSB program, Lenz (1982, 1984) studied Mono Lake
brine shrimp populations using systematic sampling techniques and examined brine shrimp
food-web relationships. In 1982, the UCSB group initiated a much broader sampling effort
and array of studies that continue today. Their work has produced a durable, systematic set
of physical and biological data from standardized locations around Mono Lake. The work of
the UCSB group has resulted in a detailed, not necessarily complete, understanding of life
history, development, growth, grazing rates, production, abundance, and salinity tolerance of
brine shrimp. In addition, to the UCSB group’s work, LADWP has carried out limited
surveys of phytoplankton and brine shrimp since 1974. The UCSB group has produced
annual monitoring reports of Mono Lake limnology since 1987.

Los Angeles Department of Water and Power 5 2000 Mono Basin Waterfowl Habitat Monitoring



Since 1995, and previously in the mid 1980s, a considerable amount of monitoring and
research in Mono Lake have been directed at the effects of meromictic conditions on brine
shrimp dynamics and production (Table 1). Because meromixis prevents complete vertical
mixing of the lake in the fall, nutrients (especially nitrogen) and their effects on algal
biomass and productivity have been an important component of limnological studies. The
effects of meromixis have been of increasing concern because meromictic conditions are
projected to persist for as long as several decades due to greater than expected runoff in lake
tributaries in 1995 and continued freshwater inputs.

Beginning in 1991, a dynamic reservoir simulation model (DYRESM) was developed and
applied at Mono Lake by Romero and Melack (1996). The DYRESM was used to simulate
the likelihood of meromixis among five lake elevations and assess the effects of prolonged
drought and runoff variability. Efforts to refine DYRESM are ongoing.

Investigation of plankton dynamics is ongoing and has included several approaches. Initial
studies utilized long-term laboratory experiments and were directed primarily at effects of
increasing salinity. However, these laboratory studies did not predict the magnitude of
changes observed in field studies. A cohort model of Artemia population dynamics was also
developed to explain field data. Modeling of plankton dynamics have subsequently been
improved by coupling Artemia dynamics with nitrogen fluxes, incorporating results from
additional laboratory experiments, and application of multi-transfer models.

2.2.3 Waterfow] Habitat

Waterfowl] habitat conditions around Mono Lake prior to diversions were determined from
examination of aerial photographs taken in 1940.

Post-diversion vegetation around Mono Lake was sampled and classified by Burch et al.
(1977) resulting in the description of several vegetation or community types and their
relation to various environmental factors. Mapping of lake-fringing vegetation around Mono
Lake in the 1980s was conducted by Dummer and Cowell in 1985. Though their maps do

not emphasize waterfowl habitat, the maps do provide information useful in characterizing
waterfow] habitat.

Mapping of point-of-reference conditions (August 22, 1993) for lake-fringing wetlands
around Mono Lake was completed by Jones and Stokes Associates for the Mono Basin. The
Jones and Stokes study was based on aerial photographs taken on May 23, 1991 and on
extensive ground truthing, in which each wetland was surveyed on foot. Qualitative
descriptions of waterfowl habitat around Mono Lake both before and after diversions were
also provided in the Mono Basin EIR.

Prior to 1997, there was no systematic monitoring of waterfowl habitat around Mono Lake.
However, some incidental descriptions of waterfow! habitat in certain areas around the lake
were provided in waterfowl monitoring reports conducted by Lin (1997) and Lin and Jehl
(1998). '

Pre-diversion channel and riparian conditions along the Rush Creek bottomlands have been
characterized in the Mono Basin EIR. Stine described riparian and channel conditions based
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on 1930 and 1940 aerial photographs, historical ground photographs, and interviews with
local residents. He concluded that prior to diversions the Rush Creek bottomlands had
multiple channels within an extensive cottonwood-willow riparian woodland. ~Although
Beschta did not address riparian conditions of the Rush.Creek bottomlands in detail, he did
assess the question of multiple channels. He concluded that prior to 1941, Rush Creek had a
single channel, with segments of relic channels present within the floodplain and with
numerous rills that collected water from seeps and springs and conveyed it to Rush Creek.
While the geomorphic and hydrologic basis of waterfowl habitat conditions in the Rush
Creek bottomlands is not entirely clear, both Beschta’s and Stine’s studies indicate that there
were areas of standing or flowing water within the cottonwood-willow woodland. These
areas would likely have been attractive to small numbers of breeding waterfowl and to
migrating waterfowl from Mono Lake during inclement weather.

Post-diversion riparian conditions in the Rush Creek bottomlands were characterized by
Stromberg and Patten (1989) who described Rush Creek riparian conditions as they existed
in the 1980s. The Mono Basin EIR also provided a description of channel and riparian
conditions and quantified areas of major vegetation types. '

2.2.4 Waterfowl Populations

Mono Lake provides a permanent, saline, shallow to deep water body for migratory
waterfowl] traveling through the expansive arid Great Basin during the fall. It is especially
attractive to species that exploit hyper-saline environments. Of these species the ruddy duck
(Oxyura jamaicensis) and northern shoveler (Anas clypeata) are most abundant at Mono
Lake. Systematic surveys have only recently been conducted for migratory populations of
waterfowl and are essentially non-existent for breeding ducks at Mono Lake. Prior to 1948
only journal and personal recollections of waterfowl abundance exist in the record.

In 1948, Walter Dombrowski conducted the first systematic waterfow] survey reported for
Mono Lake. There were no systematic waterfowl surveys for Mono Lake through the 1950s,
1960s, and early 1970s. A waterfowl survey was conducted by Winkler et al. (1977).
Various individuals and groups through the 1970s and 1980s have collected additional,
sporadic waterfowl data. A professional wildlife biologist who has hunted Mono Lake for
waterfow] hundreds of times during the 1980s and early 1990s estimates the current lake
wide fall population at about 11,000 ducks. Joseph Jehl estimated the population in recent
years at 15,000 ducks. Both Taylor and Jehl observed that ruddy ducks and northern
shovelers continue to predominate in the fall population. A National Research Council
(NRC) study in the mid 1980s summarized existing information about the Mono Lake
ecosystem. With respect to birds, the NRC study focussed on phalaropes and gulls, with
virtually no mention of waterfowl.

In the 1990s several systematic waterfowl surveys were conducted. The California
Department of Fish and Game (CDFG) has collected some data using aircraft. Fall CDFG
aerial waterfowl surveys were conducted in 1993,1998, 1999 and 2000. The Mono Lake
Committee has surveyed the entire Mono Lake for all birds using a cadre of volunteers since
1997.

Joseph Jehl of Hubbs Sea World Research Institute under contract with LADWP, has
conducted the most comprehensive waterfowl surveys at Mono Lake. These surveys have
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been conducted since 1995. Surveys have consisted of aerial (except 1995), ground, and boat
counts at different intervals between summer and late fall. The 1996, 1997, 1998, and 1999
2000 efforts also included waterfowl surveys at Bridgeport Reservoir and Crowley Lake.
Waterfow] behavior was studied during the same survey periods, with a major time budget
study being conducted in 1997.
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3. RESULTS OF 2000 MONITORING ACTIVITIES

Results of monitoring activities that occurred in 2000 are summarized in this section. In
most cases, specific reports have been produced that address these activities in more detail.
These reports on lake limnology, vegetation sampling, and waterfowl habitat mapping, and
waterfowl populations are included as appendices to this report.

3.1 Hydrology

Mono Lake elevation fell by approximately 0.9 foot during the 2000 calendar year (Table 2).
Lake level was 6384.3 feet on January 7, 2000 and 6383.4 feet on December 7, 2000 (data
from LADWP using USGS datum). Peak lake leVe_l was 6,384.5 feet in July 2000. Lake
level in January 2000 was 0.1 feet higher than the previous January (1999), however lake
level at the end of 2000 was 0.7 feet lower than at the end of 1999. At a 6,383-foot lake
level, estimated lake area is 45,350 acres and estimated volume is 2,596,336 acre feet.

. Stream flows in Rush, Walker, Parker, and Lee Vining creeks by month for all of 1999 are

shown in Table 3. Peak flows for major Mono Basin streams gaged by LADWP were:

e Rush Creek: 374 cfs on June 21 at the dam site and 260 cfs on June 30 below the
narrows, '
Walker Creek: 31 cfs on May 29 and 27 cfs on June 17,

e Parker Creek: 46 cfs on June 17 and 49 cfs on June 25, and

e Lee Vining Creek: 258 cfs on May 28 and 210 cfs on June 16. .

Water was diverted for export from Rush Creek from January to early April. Diversions for-
export were suspended from early April until July 20 to provide peak flows in Rush Creek.

After July 20, exports were resumed at an average flow rate of 23 cfs. There were no

diversions from Walker Creek, Parker Creek, or Lee Vining Creek for export during 2000.

The report is attached as Appendix 1.

Personnel from the Mono Lake Committee collected data from a network of piezometer
stations located in the stream complexes of Rush and Lee Vining creeks. There are six
piezometer wells in Rush Creek and ten in Lee Vining Creek.

3.2 Lake Limnology

Limnology ‘monitoring data in 2000, as in previous years, was collected by Robert Jellison
and his collaborators at the Marine Science Institute, University of California, Santa Barbara.
A detailed account of 2000 mixing and plankton dynamics in Mono Lake can be found in
Jellison et al. (2001), which is included as Appendix II to this report. Their 2000 research
continues the long-term investigations into the highly variable and dynamic Mono Lake
aquatic environment.
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Limnological monitoring indicated that meromictic conditions present since 1996 in Mono
Lake continued in 2000. However, a drop of 0.9 feet in lake level since 1998 appeared to
moderate effects of meromixis on several physical, chemical, and biological parameters.

As of the end of 2000, meromictic conditions have been present in Mono Lake for six
consecutive years. During this time there has been no fall overturn, when the lake normally
mixes to the bottom. Consequently, nitrogen has accumulated in the monimolimnion (below
the chemocline) and been depleted in the mixolimnion (above the chemocline). Reduced
nitrogen availability led to reduced phytoplankton productivity and biomass through 1999,
but both appear to have recovered in 2000.

The 2000 data show a moderation of meromixis since 1999. Some notable differences
between 2000 and 1999 include:

e the midsummer surface-to-bottom density gradient declined from 12.2 kg m™ in 1999
to 10.5 kg m™ in 2000;

e the depth of the chemocline descended from ~ 21 m in 1999 to ~ 24 m in 2000;

e monimolimnetic ammonium concentrations increased from 483 UM in December
1999 t0.683 UM by December 2000.

e estimated priméry production was 63% higher in 2000 than in 1999;

e peak midsummer Artemia abundance was the lowest on record,;

Limnological parameters that have showed little to no change in 2000 compared to 1996
through 1999 include:

* a single late-summer peak in Artemia abundance compared to the two peaks typical
of monomictic years;

e mean annual Artemia biomass; and

e total annual Artemia cyst production.

Of direct importance to waterfowl and other water birds is the spatial and temporal
occurrence of adult Artemia at Mono Lake. Vertical distribution of Artemia in the water
column may play a role on food availability for waterfowl, especially for dabbling duck
species. Mean weight of Artemia individuals may also have some bearing on meeting avian
energy demands. Arfemia biomass has remained relatively constant in Mono Lake from -
1993 to 2000 (approximately 8t0 9 g m™ dry weight), except for a noticeably lower biomass
in1997 (<6 g m2). Artemia biomass, however, was much higher during 1987 through 1990
(11to 18 g m'%), which included both the end of a meromictic period (1987-1988) and
several monomictic years (1989-1990). Mean length of adult females, a measure of Artemia
size, was slightly higher in 2000 compared to 1996-99, but lower than 1987-95. These data
suggest that Artemia biomass and individual size is not showing a progressive decline during
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the latest meromictic period, but is remaining fairly stable. It is uncertain whether this
pattern of stability will continue if the current period of meromixis continues for a several
years or even decades, as predicted. ‘

3.3 Vegetation and Habitat

Aerial photography of waterfow] habitat was acquired pursuant to Order 98-05,. Other
vegetation monitoring pertaining to waterfowl habitat included that associated with
experimental burning. ‘

3.3.1 Aerial Photography

Methods

Aerial photography was taken on September 7, 2000 (Appendix III). The scale of
photography was 1 inch = 2,000 feet, or 1:24,000 (original scale on 9 inch x 9 inch negatives
or contact prints). The aerial photography was converted from negatives to a digital,
composite image by AirPhoto USA using their proprietary “Stable Earth Digital Ortho
Rectification Process.” Optimum resolution on the digital composite image was indicated to
be at a scale of 1 inch = 130 feet, or 1:2,400. A GIS database of cover class polygons was
developed with ESRI ArcView software, using on-screen digitizing over a backdrop of
imported images from the AirPhoto USA digital, composite image.

- Results

Most of the 2000 marsh habitat in lake fringing wetlands around Mono Lake were in the
Simons Springs area, (~165 acres), with Warm Springs (~66 acres) and DeChambeau
Embayment (~26 acres) also having substantial marsh areas. Wet meadow (probably
equivalent to “mixed marsh” of Jones and Stokes EIR) was most abundant in the County
Park (~44 acres), Mill-Wilson Delta (~21 acres), and DeChambeau Embayment and
DeChambeau Ponds (~19 acres) areas. Extensive alkaline wet meadow areas occurred in the

Warm Springs (~233 acres), Simons Springs (~179 acres), and East Beach (~106 acres)
areas.

Small amounts of freshwater ponds exist in the Simons Springs, East Beach, and Black Point
areas (< 1 acre each), with another ~10.6 acres of pond habitat in the DeChambeau/County
Ponds complex. Extensive areas of ephemeral brackish lagoon are found in the Warm
Springs (~30 acres), South Beach (~24 acres), and North Beach (~21 acres) areas. North
Beach also had a large amount of hypersaline lagoon (~105 acres). There were ~2.4 and ~0.5
acres of ria habitat in the Rush Creek and Lee Vining Creek deltas, respectively.

3.3.2 Experimental Burning

Monitoring of experimental burn areas in 2000 consisted of the vegetation transects at Warm
Springs sampled by Martin (2001). Scirpus was the dominant on each of six transects that
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run parallel to the lakeshore (Appendix IV). These 2000 data will provide background
information for an experimental burn that is tentatively scheduled for February-March 2002.

3.3.3 DeChambeau/County Ponds Habitat Creation and Enhancement

Monitoring of habitat at the DeChambeau/County ponds complex included qualitative
observations by Larry Ford of USFS. Mapping based on 1999 aerial photography identified
approximately 4.1 acres of open water, 20 acres of marsh and wet meadow at DeChambeau
Ponds; and 0.5 acres of open water and 17 acres of wet meadow at the West County Pond.
Restoration efforts conducted by USFS and the National Fish and Wildlife Foundation added
a fifth pond supporting 1.25 acres of water surface to the Dechambeau complex and
rewatered the East County Pond for a gain of 2.2 acres of water surface.

34 Waierfowl Population Surveys

Joseph Jehl of Hubbs Sea World Research Institute, under contract to LADWP, carried out
waterfowl population monitoring at Mono Lake in 2000. Jehl’s work continues a waterfowl
monitoring effort by himself and associates that has been conducted annually since 1995.
The 1999 summary presented here is drawn from Jehl (2001), which is included as Appendlx
V to this report.

Several methods were employed in 2000 to assess waterfowl populations at Mono Lake and
nearby lake and wetland complexes, including boat, aerial, and foot surveys at multiple times
during the year. Data collected at Mono Lake in 2000 included numbers of breeding
waterfowl, migratory waterfowl, and waterfowl utilizing the DeChambeau/County ponds
complex. Observations of waterfowl using prescribed burn areas (Simons Springs), wetland
and lagoon areas were also made. Complete shoreline surveys were conducted to provide an
index of total waterfow] abundance at Mono Lake, Bridgeport Reservoir, and Crowley Lake.
Survey activities were conducted for the period of May through early December with
emphasis on the period between June and November.

3.4.1 Mono Lake: Breeding Waterfowl

The only waterfowl species consistently found to occur, as a breeder within the lake-
bordering wetlands, was the gadwall. In 2000, 16-20 pairs of gadwall nested along the lake
itself. An additional pair nested at the DeChambeau Pond area.

The 1999 total nesting population of breeding waterfowl in Mono Lake and associated
wetlands was estimated by Jehl to be 19 to 23 pairs. The main hatching period was late June
to mid July. Jehl estimated 205 locally produced juveniles to be present at the lake in 2000.
Nine adults and 13 juvenile gadwall were captured and banded in 1999 as part of a study on
various aspects of gadwall biology.
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3.4.2 Mono Lake: Migrating Waterfowl

Shoreline surveys conducted by boat were the principal means used to collect waterfowl
estimates at Mono Lake. In 2000, 16 species of ducks, geese, and allied waterbirds were
recorded within the Mono Lake ecosystem. The mallard, northern shoveler, green-winged
teal, and northern pintail were the most common dabbling ducks. Northern shoveler was the
most common dabbler in-September and October, and green-winged teal were most common
in November.

The Ruddy Duck (in the stiff-tailed duck tribe) is the most abundant migrating duck species
at Mono Lake. Numbers of Ruddy Duck were estimated to be 1,515 in early December,
which was the peak number at Mono Lake in 2000. The peak total waterfowl count (all
species) was 10,657 in mid-October. There were >13,000 individual waterfowl recorded for
all survey periods, however it is not known how many of these individuals were present from
one survey period to the next. Overall, fewer waterfowl were encountered in 2000 than in
1999.

3.4.3 DeChambeau/County Ponds Surveys

Pond surveys concentrated on the DeChambeau/County ponds complex. The total waterfowl
count by month and pond is summarized in Table 4. This summary also includes the Eared
Grebe, Pied-billed Grebe, Clark’s Grebe, American Coot, California Gull, Common
Moorhen, Kilideer, Wilson’s Phalarope, California Gull and Forster Tern which are not
considered waterfowl species. One pair of breeding gadwall were found at the DeChambeau
Ponds. The peak waterfowl count at DeChambeau/County ponds complex was 227 on
August 11, with most of the ducks located at County Pond 1 (the west pond).

3.4.4 Aerial and Other All-Lake Censuses

Comparative waterfowl surveys were conducted on October 6-8 at Mono Lake, Crowley
Lake and Bridgeport Reservoir. The Bridgeport survey was done from a boat. The other two
surveys were done by air. The survey counts were 6,741 total waterfowl at Crowley Lake,
4,750+ at Bridgeport Reservoir, and 2,307 at Mono Lake.

3.4.5 Waterfowl Use of Prescribed Burn Areas

Observations were made of prescribed burns in the Simons Springs area. Jehl indicated that
observations from both plane and boat revealed no evidence of waterfowl use of the burned
areas.
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3.4.6 Behavioral Studies

S. 1. Bond of Hubbs-Sea World Research Institute, under the direction of Joseph Jehl, spent a
week (September 28 through October 3) at Mono Lake observing the distribution and
behavior of ducks. Observational data included activities, habitat use, and daily movements
~ of waterfowl along the shoreline. Attempts to place radio collars on Ruddy Ducks to
facilitate a time budget study were unsuccessful as too few individuals could be captured to
make the project scientifically sound. The last Ruddy Duck time budget study was
conducted in 1997. :
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4. STATUS OF RESTORATION MEASURES

Several ongoing restoration measures pertaining to waterfowl took place in 2000. The lake
level decreased 0.9 feet but enhancement work continued on the DeChambeau/County Ponds
complex.

4.1 Lake Level

The average lake level for 2000 was 6,384.2 feet (using the level at the beginning of each
month). This is a 9.6-foot increase toward the target lake level of 6,391 feet since the 1994
Decision'1631. The lake level needs to rise another 6.8 feet from the 2000 average lake level
to reach the target lake level.

4.2 DeChambeau/County Ponds Complex

Restoration activities conducted during 2000 by the USFS at the DeChambeau/County Ponds
Complex included filling of the East County Pond and construction of a fifth pond in the
Dechambeau complex. To connect the Dechambeau ponds to the Wilson Creek water source
10,100 feet of 12 inch pipe was installed. The USFS burned part of the DeChambeau
meadow to remove thatch and open up surface water in depression areas.

4.3 Experimental Burning

LADWP did not conduct any experimental burning in 2000 but participated in planning
sessions for a proposed burn in February-March 2002. The intended location of the 2002
burn is in the Warm Springs area. The California Department of Parks and Recreation has
agreed to be the lead agency in the Warm Springs burn.

4.4 Rewatering of Rush Creek Distributaries

. There were no direct actions taken toward rewatering distributaries in Rush Creek during

2000. Bill Trush, one of the scientists directing stream restoration and monitoring in the
Mono Basin, recommended that decisions to open up channels 8 and 11 of Rush Creek be

delayed to see how the channels m the Rush Creek bottomlands respond naturally to the
current flow regime.
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5. RECOVERY OF WATERFOWL HABITAT

This section summarizes the recovery of waterfowl habitat in the Mono Basin. The habitat
being monitored includes the lake, ephemeral brackish lagoons and open water ponds, lake-
fringing wetlands, freshwater ria and stream deltas, and distributaries of Rush Creek.

* 5.1 Lake Level

Mono Lake elevation fell by approximately 0.9 foot during the 2000 calendar year (Table 2).
Lake level was 6384.3 feet on January 7, 2000 and 6383.4 feet on December 7, 2000 (data
from LADWP using USGS datum). Peak lake level was 6,384.5 feet in July 2000. Lake
level in January 2000 was 0.1 feet higher than the-previous January (1999), however lake
level at the end of 2000 was 0.7 feet lower than the end of 1999. At a 6,383-foot lake level,
estimated lake area is 45,350 acres and estimated volume is 2,596,336 acre feet.

5.2 Ephemeral Brackish Lagoons

Ephemeral brackish lagoons along the shore at South Beach, Simons Spring, East Beach,
Warm Springs, North Beach, Black Point, Bridgeport Creek (east of DeChambeau
Embayment), and Mill-Wilson delta were little changed since 1999, when they totaled over
100 acres, indicating that this type of habitat was relatively abundant and widely distributed
around the lake.

Ephemeral brackish lagoons changed markedly from 1989 to 1999. Only 1 acre of “ponds
and lagoons” were mapped by Jones and Stokes (1993) under point-of-reference conditions.
In contrast, 109 acres of ephemeral brackish lagoons and 8.5 acres of freshwater ponds were
mapped in 1999. However, the 1999 mapping included 7.1 acres of freshwater ponds within
the DeChambeau/County Ponds complex, which were not included by Jones and Stokes
(1993). Brackish lagoons mapped in 1999 include ponds and lagoons formed by extensive
littoral bars and, in the South Beach area, inundation of pre-existing swales, which may have

“been deflationary features formed since the lake receded after 1941. Although most of these

brackish lagoons are likely to be transient, they nonetheless are potentially 1mportant as.
waterfowl habitat until an equilibrium lake level is reached

5.3 Lake-Fringing Wetlands and Marshes

One of the most prominent changes anticipated with increasing the lake level is an overall
decrease in marsh area, primarily due to inundation of marsh areas by the rising lake and
“spring-line sapping” (i.e., desiccation of wetland supported by springs as beveling cuts an
escarpment at a higher equilibrium shoreline). Marsh area was little changed from 1999 when
it totaled ~302 acres. This area, however, should likely be combined with wet meadow (~83
acres) to compare to Jones and Stokes (1993) point-of-reference marsh area. Combined
marsh and wet meadow area at a lake level of 6,384.6 feet was ~385 acres compared to 988
acres of marsh mapped at a lake level of 6,376 feet. This decrease occurred in most areas
where marsh was present in lake-fringing wetlands.
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There was also a decrease in alkaline wet meadow from point-of-reference conditions,
assuming that the 1999 wet alkaline meadow type is roughly equivalent to Jones and Stokes
(1993) alkali meadow formation. There were ~1,521 acres of alkali meadow mapped in 1989
and 582 acres of wet alkaline meadow mapped in 1999. Again, decreases occurred in most
areas around the lake; Warm Springs and East Beach were two exceptions, as alkaline wet
meadow increased in these two areas. '

The overall area of wetland/riparian scrub increased from point-of-reference conditions
(~236 acres) to 2000 (~335 acres). Increases were most apparent in the Wilson-Mill creek

delta areas and Horse Creek Embayment, although there were also smaller increases in Rush
Creek Delta and Lee Vining Creek Delta.

5.4 Rush Creek Distributaries

As a result of increased flows in Rush Creek, actions to open up Channel 10, and natural
processes, there are several places in Rush Creek bottomlands that provide favorable habitat.
Rewatering Channel 10 does appear to have benefited waterfowl habitat in the Rush Creek
bottomlands. The abandoned or active channels along the eastern valley wall seem to be
conducive to the development of small areas of good habitat, particularly for small breeding
birds. Rewatering in these areas along the eat valley appears to be a function of high water
table and spring activity, as well as opening up Channel 10.

5.5 Freshwater Rias and Riparian Habitat in Stream Deltas

Ria habitat has developed in the deltas of both Rush and Lee Vining Creek. Freshwater ria
habitat was ~2.5 acres in Rush Creek and ~0.5 in Lee Vining Creek. There were also
shoreline bars present across the months of Mill and Wilson creek that likely resulted in
freshwater to brackish conditions there.
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Table . Mono Lake Mixing History 1964-Present

1964-1982 1983-1987 1988-1989 1990-1994 1995 1996-Present
Monomictic  Meromictic Transition Monomictic Transition/ Meromictic
Meromictic

Table 2. 1999 Mono Lake Monthly Elevations (feet amsl) in LADWP Bishop Aqueduct
Data. ‘

Jan7 Feb3 Mar2 Apr4a Mayd4 Junl Jul 6 Aug3 Sep8 Oct4 Nov9 Dec?
63843 6384.3 63844 63845 63845 63844 63845 63843 6384.0 6383.7 6383.5 63834

- Table 3. Mean monthly discharge (cfs) in Lee Vining, Rush, Walker, and
Parker Creeks for 1999".

Month Lee Vining Rush Walker Parker Rush Creek
Creek Creek = Creek Creek  below Narrows
(estimated)
January 2938 46.3 275 3.77 52.82
February 29.8 474 3.46 4.03  54.89
March 314 47.1 329 4.67 55.06
April 50.7 46.3 3.48 6.10 55.88
May 122.0 48.9 12.20 16.80 77.90
June 166.0 69.6 20.70 35.00 125.30
July 71.6 91.2 8.91 22.50 122.61
August 45.1 . 47.1 4.67 16.40 68.17
September 28.0 47.6 3.06 8.23 58.89
October 28.7 436 239 4.98 50.97
November 314 429 6.60 372 53.22
December 28.4 45.5 2.65 3.25 514

" All flow data from LADWP. Flows at Lee Vining Creek are spill from intake, at Rush Creek
below dam (plus spillway); at Walker and Parker creeks under conduit. Estimated flow in
Rush Creek below Narrows is sum of Rush, Walker, and Parker creeks.
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Table 4. Summary of Waterfowl & Waterbirds Counted at the Dechambeau and County
Pond Complex (Jehl 2000).

Total Number of Species Total Total Other Total All

on Each Date Waterfowl Water Birds Water Birds

Dates DeChambeau County (number of (numberof (number of

(2000) Ponds © Ponds individuals) individuals) individuals)
May 3 7 3 4] 517 558
June 1 5 3 10 469 476
July 7 3 4 13 325 338
July 30 3 5 36 522 558
August 11 2 7 228 55 283
September 5 5 6 84-89 16 100
October 6 3 5 36 155 191
October 23 2 3 8 62 70
. November 13 2 0 0 10 10

December 7 1 0 0 1 I

Total Season Count ' 456-461 2132 2585-2590
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FINAL PROGRAMMATIC REPORT

Project Name: DeChambeau Ponds (CA) Restoration
Project Number: 97-186

In November, 1997, the Inyo National Forest entered into a Challenge Cost Share
Agreement with the National Fish and Wildlife Foundation in support of restoration of
the DeChambeau Ponds complex on the north shore of Mono Lake. This restoration
work was necessary to mitigate the changes in the Mono Basin ecosystem precipitated by
nearly fifty years of stream diversions to the City of Los Angeles. While these diversions
were curtailed by the 1994 State Water Resources Control Board decision that established
a management level of Mono Lake at an elevation of 6,392 feet above sea level, it was
recognized that this management level, twenty-five feet below the 1941 elevation, would
not fully restore lake-fringing wildlife/waterfowl] habitat. This project was envisioned to
assist in restoration of freshwater habitat adjacent to the highly saline and alkaline Mono
Lake by maximizing the freshwater pond acreage while adhering to a minimal water
budget. Earlier projects by Ducks Unlimited and the U.S. Forest Service had established
a pond system of approximately ten acres.

The restoration covered by this grant was initiated in a step-by-step process to determine
the effect of each individual project on the desired outcome. The initial phase was to
improve our ability to deliver water to the DeChambeau/County Ponds complex which
included several aspects: (1) we replaced sixty feet of damaged pipe to improve our use
of the hot water artesian well in the DeChambeau Ponds area; (2) we installed a canal
gate at our Wilson Creek diversion to replace the, nearly one hundred year-old head gate,
which improved our ability to control and measure the flow of water into our ditches; (3)
we constructed a control structure in DeChambeau pond #4 to allow us to manage the
elevation of that pond and to control and measure the flow of water to the County Ponds;
and (4) we installed five hundred feet of twelve inch pipe below pond #4 and six hundred
feet of ten inch pipe near the County ponds to eliminate some major erosion problems in
these areas.

The second phase began in October, 1998 with the installation of 2,100 feet of twelve
inch pipe connecting the DeChambeau ponds and the County ponds. This allowed the
transport of water across the silty and volcanic soils without the excessive percolation
losses that we had been experiencing and permitted a flow of water to reach the County
ponds during the spring and fall low-flow periods and even during the winter when the
water would, otherwise, freeze. This new pipeline made it possible to proceed with the
development of the East County Pond. This natural depression is below the 1941
shoreline of Mono Lake and was exposed as the lake level dropped, first becoming a
lagoon at the edge of the lake and later being left high and dry as the lake continued to
recede. Our first attempts to re-water this pond failed due to the high permeability of the
volcanic soils, 3 cubic feet per second of water created less than one acre of marsh. With
the new pipeline in place, we excavated the pond bottom and added and covered a layer
of bentonite. When we began to run water in the spring, we had a 2.2 acre pond that is



being maintained with 35 gallons (.08 cfs) of water per minute with water depths to
accommodate shorebirds, and dabbling and diving ducks.

The final phase of the restoration project funded under this NFWF grant was intended to
further increase pond surface acreage and improve the water delivery system.

We designed and built a fifth pond in the DeChambeau complex in the vicinity of the
Ducks Unlimited pond #5. This pond wasn’t completed during the Ducks Unlimited
project and was not able to maintain any surface water area within our water budget.

This pond was engineered, excavated and bentonited, and has added 1.25 acres of water
surface to the system with an expenditure of 12 gallons of water per minute. The
maximum water depth of this pond is 18 inches providing habitat for dabbling ducks,
wading birds and shorebirds. We also installed 10,100 feet of 12 inch pipe to connect our
water source at Wilson Creek with the pond complex. Water delivery has continued to be
the major problem with the DeChambeau/County Ponds complex, especially during the
spring and fall when water flows became insufficient to overcome the percolation and
evaporation of the open ditches. This pipeline will allow the delivery of water to the
pond system with as little as one cubic foot per second available which would have not
been possible with the ditch system. The pipe was purchased under the NFWF grant
while the contracted work was funded by the Forest Service.

This NFWF grant has enabled us to double the freshwater surface acreage in the
DeChambeau/County Pond complex, add several acres of marsh wetland, and to transport
water efficiently, staying well within our water budget. We will continue to monitor and
use adaptive management practices within the pond complex to maximize the benefit to
waterfowl, shorebirds and other wildlife.

ROGER PORTER
Scenic Area Manager
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Identical letter sent to all on attached list

November 3, 2000

Mr. Christophér Hunter
616 Wintergreen Crt. ' ‘ . '
Helena, Montana 59601 ‘

Dear Mr. Hunter:
Update on Mono Basin Operations During 2000-01 Runoff Year

This year’s runoff for the Mono Basin (Figure 1) could be termed “typical” with no
significant events occurring. The peaks on most of the creeks came later than forecasted

- and the magnitudes for three of the four creeks were higher than forecasted. Rush Creek
at Dam Site was considerably higher than forecasted.

The following is a summary of Los Angeles Department of Water and Power’s (LADWP)
operations to date in the Mono Basin for the 2000-01 runoff year:

* Mono Basin Exports: Exports were suspended in early April to assure
a Grant Lake spill, and were curtailed until the peak had passed on
Rush Creek. Exports were resumed on July 20" at an average flow
rate of 23 cfs (Figure 2). The exports will continue through the
remainder of the runoff year, and are expected to conclude in late
March 2000. The flow rate will be increased to approximately 40 cfs
to provide LADWP its allowable maximum export of 16,000 acre-feet.

e Walker Creek: There were no diversions for export during the year.
The creek experienced two peaks. The first peak occurred May 29th
with a magnitude of 31 cfs (average daily) and the second peak with a
magnitude of 27 cfs occurred on June 17th. The two peaks did not
exceed the forecasted magnitude of 35 cfs (Figure 3).

 Parker Creek: There were no diversions for export during the year.
The creek experienced two peaks. The first peak occurred June 17th
with a magnitude of 46 cfs (average daily) and the second peak
occurred June 25th with a magnitude of 49 cfs. The second peak
exceeded the forecasted magnitude of 47 cfs (Figure 4).



Mr. Christopher Hunter -2-

November 3, 2000

* Lee Vining Creek: There were no diversions for export during the

year. There were two peaks on Lee Vining Creek measured below the
Conduit. The first peak occurred on May 28th with a peak of 258 cfs

(average daily) which was slightly higher than forecasted. The second
peak occurred on June 16th with a magnitude of 210 cfs (Figure 5).

- There was no augmentation made to Rush Creek flows. There was,

however, diversions made from Lee Vining Creek for the purpose of
maximizing spill capability at Grant Lake. The diversions commenced
on May 1st and were terminated on May 12th because of unseasonable
low temperatures and Southem California Edison reducing their

~ outflow at their power plant. A maximum average flow of

approximately 30 cfs was diverted.

Rush Creek: Grant Lake’s elevation on April 1, 2000 was 7,120.3 ft
amsl, 9.7 ft below the lip of the spillway, prowdmg another opportunity
to spill and pass the peak to lower Rush Creek. To promote the spill
and assure that the spill would be occurring when the peak flow was
most likely to arrive, releases to Mono Gate Return Ditch were
maintained slightly above Rush Creek minimum flows. Exports to the
Owens River were also suspended in early April. In addition, water
from Lee Vining Creek was diverted to Grant Lake. A peak inflow
into Grant Lake (Rush Creek at Damsite) of 222 cfs was forecasted to
occur the week of June 10th. On June 25th, Grant Lake reservoir
began to spill. Rush Creek at Damsite experienced its peak on

June 21st with a magnitude of 374 cfs (average daily) (Figure 6, 7, and
8). Rush Creek below the confluence of the Return Ditch and Grant
Lake spill channel experienced a flow of approximately 208 cfs
(average daily) on June 30th.

Rush Creek below the narrows experienced on June 30th a flow
magnitude of approximately 260 cfs (average daily) (Figure 8).

The timing of the Mono Basin peak runoff occurred one to three weeks
later than predicted for three of the four creeks. Lee Vining Creek
experienced a peak one week earlier than predicted. Three creeks also
experienced flow magnitudes greater than those forecasted. The table
below compares April 1st forecasted magnitudes and timing to those
actually measured:

ziaglaile UTLG :ccain VIPRITRAL &5 1
Rush Creek @ Damsite 222 cfs June 10 374 cfs June 21
Parker Creek 47 cfs June 18 49 cfs June 25
Walker Creek 35 cfs June 13 31 cfs May 29
Lee Vining Creek 245 cfs June 6 258 cfs May 28
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o Grant Lake Reservoir: Releases from the reservoir to Rush Creek were
maintained slightly above the minimum and exports were suspended on
April 9th to facilitate a spill. Grant Lake began spilling on June 25th
and continued through July 23™, achieving a maximum spill of 150 cfs
on June 30th (Figure 9).

If you have any questions or need additional information regarding operations, please contact
me at (760) 873-0225.

Sincefely,

DRIGINAL SIGNED 3Y
CLARENCE E. MARTIN
FOR

GENE L. COUFAL
Manager
Aqueduct Business Group

SBM:Ige

. Enclosures

bc: Thomas M. Erb
Richard F. Harasick
Eugene L. Coufal
Clarence E. Martin
James C. Campbell
L. Wayne Hopper
Brian B. Tillemans
Denis N. Tillemans
Peter Kavounas
Steven B. McBain



Mr. Harry Schueller
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ames Barry
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Department of Parks and Recreation
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Mr. Jim Canaday
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Mr. Joe Bellomo

People for Mono Basin Preservation
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EXECUTIVE SUMMARY

During 2000, UCSB researchers continued the Los Angeles-funded long-term (1982-
2000) limnological monitoring of the plankton dynamics in Mono Lake as required by the
State Water Resources Control Board of California. The monitoring program includes_a wide
array of physical, chemical, and biological measurements related to describing and
understanding the seasonal plankton dynamics. This report includes a background of previous
findings (1982-99) from this limnological monitoring (Chapter 1), a detailed description of the
methods employed .(Chapter 2), and results and discussion of monitoring data collected during
2000 (Chapter 3).

Chapter 1 describes the seasonal plankton dynamics observed from 1979 through
1999, a period which encompassed a wide range of varying hydrologic and annual vertical
mixing regimes. In brief, long-term monitoring has shown that Mono Lake is highly
productive compared to other temperate salt lakes, that this productivity is nitrogen-limited,
and that year-to-year variation in the plankton dynamics has largely been determined by the
complex interplay between varying climate and hydrologic regimes and the resultant seasonal
patterns of thermal and chemical stratification which modify internal recycling of nitrogen.
Any expected effects due to variations in salinity over the range observed during this period
would be masked by these more dominant processes.

Chapter 2 provides a detailed description of the laboratory and field methods
employed. Several changes were made this year in methodology and sampling design to
enhance the efficacy of the moniforing program. These include the addition of vertical net

tows for direct determination of Artemia biomass, additional sampling stations for instar and



fecundity analysis, the acquisition of several new seﬁsors for in situ profiling, and a reduction
in the total number of stations sampled for population estimates.

Chapter 3 describes the results of our limnological monitoring program during 2000.
Persistent chemical stratification (meromixis) continued but weakened due to evaporative
concentration of the upper mixed layer accompanying a net 0.7 m annual decline in surface
elevation and slight freshening of water beneath the chemocline. The midsummer difference in
density between 2 and 28 m attributable to chemical stratification has declined from 14.9 kg
m™ in 1998 to 12.2 kg m” in 1999 to 10.5 kg m™ in 2000. Most likely of greater significance
to the overall plankton dynamics is the marked midwinter deepening (ca. 2 m) of the
chemocline. Not only were significant amounts of ammonium-rich monimolimnetic water
entrained, but less of the lake is now effectively meromictic. At present only 38% of the
lake’s area and 16% of the volume beneath the chemocline.

Algal biomass, as characterized by the concentration of chlorophyll a, was higher in
2000 compared to 1999 and varied in the mixolimnion from a midsummer low of 1.4 pg chl a
I to the December high of 54.2 ug chl a I''. The December value is the highest observed
during the entire 21 years. The estimated annual primary production in 2000 increased 63%
over 1999 to 484 g C m™” yr" only slightly below the mean annual production (508 g C m”
yr'") during the recent 5-yr period of monomixis (1990-94). Thus, while meromixis persists in
2000, the combined effects of declining lake levels, the reduced proportion of the lake beneath
the ;:hemocline, and increased upward fluxes of ammonium due to the large buildup of
monimolimnetic ammonium have offset, to some degree, the effect of the absence of winter

holomixis.



The Artemia population in 2000 was characterized by fairly rapid development of the
1* generation, a large pulse of ovoviviparous reproduction in June, and an unusual decline in
late-summer adults. Instar analysis indicated that first generation hatchiﬁg peaked in March,
with abundances similar to those of 1999 (ca. 33,000 m? in 1999, ca. 26,000 m?in 2000).
Rapid development of the 1* geheratioﬁ of Artemia and ample food led to a large pulse of
nauplii (93,119 m™) in June. This naupliar peak was higher than in 1998 (64,400 m) and
1999 (60,600 m™). However, recruitment of these nauplii into juveniles and adults was low in
2000. These late summer abundances are the lowest of the past 20 years with the exception
of 1986 abundances, which were only slightly lower. The generally lower numbers of adult
Artemia observed in 2000 were partially offset by slightly larger sizes of individuals that
presumably resulted from Méhér availability of food. The 2000 mean annual Arfemia biomass
(8.2 g m?)was 12% below the long-term mean of 9.7 g m?and only slightly less than
calculated in 1999 (8.9 g m™).

In Mono Lake, oviparous (cyst) reproduction is always much higher than
ovoviviparous (live-bearing) reproduction. Despite decreased numbers of adults during 2000
compared to 1999, increased individual fecundity, resulting from larger individual sizes and
higher food availability, resulted in a total annual cyst production similar to 1999 (4.03 x 10°
m? in 2000 versus of 4.17 x 10° mZin 1999). The 2000 total annual cyst production was
16% below the long-term (1983-99) mean of 4.77 x 10° m, but well above the lowest value
observed in 1997 (2.54 x 10° m?).

In summary, decreased chemical stratification and increased algal biomass, primary
productivity, and cyst production all indicate that the effects of the current episode of

meromixis on the lake’s productivity are lessening. These changes are partly due to the

iv



entrainment of nutrients associated with declining lake levels partly due to deepening of the
chemocline. Because now the chemocline is deeply positioned, the monimolimnion
encompasses a smaller proportion of the lake and the ammonium concentration is
exceptionally high beneath the chemocline, we expect the ongoing effects of meromixis to be
lessened even if the lake begins to rise. However, the low summer abundance of adult
Artemia and their early decline in 2000 was somewhat anomalous. We will closely monitor
this phenomenon during 2001.
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LIMNOLOGICAL MONITORING COMPLIANCE

This report fulfills the Mono Lake limnological monitoring requirements set forth in
compliance with State Water Resources Control Board Order Nos. 98-05 and 98-07. The
limnological monitoring program consists of four components: meteorological, physical/chemical,
phytoplankton, and brine shimp population data. Meteorological data are collected continuously
at a station on Paoha Island, while the other three components are assessed on eleven monthly
surveys (every month except January). A summary of previous monitoring is included in Chapter
1, the methodology employed is detailed in Chapter 2, and results and discussion of the

monitoring during 2000 presented in Chapter 3. The relevant pages, tables, and figures for the

specific elements of each of the four required components are given below.

Text Tables Figures
Meteorological
Wind Speed 28 2
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Incident Radiation 29 4
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Water Temperature 30 1 8
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Conductivity 32 2 9
Ammonium 38 7 17
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Phytoplankton
Chorophyll a 40 3 , 18
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Artemia
Abundance 44 9 23
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Fecundity/Length 45 12 24
Reproductive parameters 44 11 24,29
Biomass 48 28
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CHAPTER 1
INTRODUCTION

Background

Saline lakes are widely recognized as highly productive aquatic habitats, which in
addition to harboring unique assemblages of species, often support large populations of
migratory birds. Saline lake écosystems throughout the world are threatened by
decreasing size and ihcreasing salinity due to diversions of freshwater inflows for
irrigation and other human uses (Williams 1993); notable examples in the Great Basin of
North America include Mono Lake (Patten et al. 1987), Walker Lake (Cooper and Koch
1984), and Pyramid Lake (Galat et al. 1981). At Mono Lake, California, diversions of
freshwater streams out of the basin beginning in 1941 led to a 14 m decline in surface
elevation and an approximate doubling of the lake's salinity.

In 1994, following two decades of scientific research, litigation, and
environmental controversy, the State Water Resources Confrol Board (SWRCB) of
California issued a decision to amend Los Angeles' water rights to "establish fishery
protection flows in streams tributary to Mono Lake and to protect public trust resources at
Mono Lake and in the Mono Lake Basin" (Decision 1631). The decision restricts water
diversions until the surface elevation of the lake reaches 1,948 m and requires long-term
limnological monitoring of the plankton dynamics.

Long-term monitoring of the plankton and their physical, chemical, and biological
environment is essential to understanding the effects of changing lake levels.
Measurements of the vertical distribution of temperatl;re, oxygen, conductivity, and
nutrients are requisite for interpreting how variations in these variables affect the

plankton populations. Consistent methodologies were employed during the 21-yr period,



1979-2000, and have yielded a standardized data set from which to analyze seasonal and
year-to-year changes in the plankton. Lakewide monitoring was conducted during eleven
surveys in 2000, once each month from February through December.

Seasonal Mixing Regime and Plankton Dynamics

Limnological monitoring at Mono Lake can be divided into several periods
corresponding to two different annual circulation patterns, meromixis and monomixis,

and the transition between them.

Monomictic and declining lake levels, 1964-82

The limnology of Mono Lake, including seasonal pl:.:mkton dynamics, was first
documented in the mid 1960s (Mason 1967). During this period Mono Lake was
characterized by declining lake levels, increasing salinity, and a monomictic thermal
regime. No further limnological research was conducted until summer 1976 when a
broad survey of the entire Mono Basin ecosystem was conducted (Winkler 1977).

. Subsequent studies (Lenz 1984; Melack 1983, 1985) beginning in 1979, further described
the seasonal dynamics of the plankton. During the period 1979-81, Lenz (1984)
documented a progressive increase in the ratio of peak summer to spring abundances of
adult brine shrimp. The smailer spring generations resulted in greater food availability
and rﬁuch higher ovoviviparous production by the first generations, leading to larger
second generations. Therefore, changes in the size of the spring hatch can result in large
changes in the ratio of the size of the two generations.

In 1982, an intensive limnological monitoring program funded by LADWP was
established to monitor changes in the physical, chemical, and biological environments in
Mono Lake. This monitoring program has continued to the present. Detaiied descriptions

of the results of the monitoring program are contained in a series of reports to LADWP



(Dana et al. 1986, 1992; Jellison et al. 1988, 1989, 1990, 1991, 1994, 1995b, 1996a,
1997, 1998b, 1999, 2000) and are summarized below.

Meromixis, 1983-87

In 1983, a large influx of freshwater into Mono Lake resulted in a condition of
persistent chemical stratification (meromixis). A decrease in surface salinities resulted in
a chemical gradient of ca. 15 g total dissolved solids I'! between the mixolimnion (the
mixed layer) ;md monimolimnion (layer below persistent chemocline). In subsequent
years evaporative concentration of the surface water led to a decrease in this gradient and
in November 1988 meromixis was terminated.

Following the onset of meromixis, ammonium and phytoplankton were markedly
affected. Ammonium concentrations in the mixolimnion were reduced to near zero
during spring 1983 and remained below 5 pM until late summer 1988. Accompanying
this decrease in mixolimnetic ammonium concentrations was a dramatic decrease in the
algal bloom associated with periods when the Artemia are less abundant (November
through April). At the same time, ammonification of organic fnaterial and release from
the anoxic sediments resulted in a gradual buildup of ammonium in the monimolimnion
over the six years of meromixis to 400 to 500 uM. Under the previous monomictic
conditions, ammonium, which accumulated beneath the thermocline during the summer,
was mixed into the upper water column during the autumn overturn.

Artemia dynamics were also affected by the onset of meromixis. The size of the
first generation of adult Artemia in 1984 (31,000 m™) was nearly ten times as large as
observed in 1981 and 1982, while peak summer abundances of adults were much lower.

Following this change, the two generations of Artemia were relatively constant during the



meromictic period from 1984 to 1987. The size of the spring generation of adult Artemia
only varied from 23,000 to 31,000 m™ while the second generation of adult Artemia

varied from 33,000 to 54,000 m>. The relative sizes of the first and second generation
are inversely correlated. This is at least partially mediated by food availability as a large
first generation results in decreased algal levels for second generation nauplii and vice
versa. During 1984 to 1987, recruitment into the first generation adult class'was a nearly
constant but small percen’iage (about .1 to 3%) of the cysts calculated to be available
(Dana et al. 1990). Also, fecundity showed a significant correlation with ambient algal
concentrations (1%, 0.61).

In addition to annual reports submitted to Los Angeles and referenced herein, a
number of published manuscripts document the limnological conditions and algal
photosynthetic activity during the onset, persistence, and breakdown of meromixis,
1982-90 (Jellison ez al. 1992; Jellison and Melack 1993a, 1993b; Jellison et al. 1993;
Miller ez al. 1993).

Response to the breakdown of meromixis, 1988—-89

Although complete mixing did not occur until November 1988, the successive
deepening of the mixed layer during the period 198688 led to significant changes in the
plankton dynamics. By spring 1988, the mixed layer included the upper 22 m of the lake
and included 60% of the area and 83% of the lake's volume. In addition to restoring an
annual mixing regime to much of the lake, the deepening of the mixed layer increased the
nutrient supply to the mixolimnion by entraining water with very high ammonium

concentrations (Jellison ez al. 1989). Mixolimnetic ammonium concentrations were fairly



high during the spring (8—10 uM), and March algal populations were much denser than in
1987 (53 vs. 15 pg chla I').

The peak abundance of spring adult Arfemia in 1988 was twice as high as any
previous year from 1979 to 1987. This increase could have been due to enhanced
hatching and/or survival of nauplii. The pool of cysts available for hatching was
potentially larger in 1988 since cyst production in 1987 was larger than in the four
previous years (Dana ef al. 1990) and significant lowering of the chemocline in the
autumn and winter of 1987 allowed oxygenated water to reach cysts in sediments which
had been anoxic sinqe 1983. Cysts can remain dormant and viable in anoxic water for an
un&etennined number of years. Naupliar survival may also have been enhanced since
chlorophyll a levels in the spring of 1988 were higher than the previous four years. This
hypothesis is corroborated by the results of the 1988 development experiments (Jellison
et al. 1989). Naupliar survival was higher in the ambient food treatment relative to the
low food treatment.

Mono Lake rétumed to its previous condition of annual autumnal mixing from top
to bottom with the complete breakdown of meromixis in November 1988. The mixing of -
previously isolated monjmolimnetic water with surface water affected biotic components
of the ecosystem. Ammonium, which had accumulated to high levels (600 pM) in the
monimolimnion during meromixis, was dispersed throughout the water column raising
surface concentrations above previously observed values (>50 pM). Oxygen was diluted
by mixing with the anoxic water and consumed by the biological and chemical oxygen
demand previously created in the monimolimnion. Dissolved oxygen concentration

immediately fell to zero. Artemia populations experienced an immediate and total die-off



following deoxygenation. Mono Lake remained anoxic for a few months following the
breakdown of meromixis in November 1988. By mid-February 1989,. dissolved oxygen
concentrations had increased (2-3 mg I'!) but were still below those observed in previous
years (4-6 mg I'1). The complete recovery of dissolved oxygen concentrations occurred
in March when levels reached those seen in other years.

Elevated ammonium concentrations following the breakdown of meromixis led to
high chlorophyll a levels in spring 1989. Epilimnetic concentrations in March and April
were the highest observed (40-90 pg chl a I''). Subsequent decline to low midsummer
concentrations (<0.5-2 pg chl @ I'?) due to brine shrimp grazing did not occur until late
June. In previous meromictic years this decline occurred up to six weeks earlier. Two |
effects of meromixis on the algal populations, decreased winter-spring concentrations and
a shift in the timing of summer clearing, are clearly seen over the period 1982—89.

The 1989 Artemia population exhibited a small first generation of adults followed
by a summer population over one order of magnitude larger‘. A similar pattern was
observed from 1980-83. In contrast, the pattern observed during meromictic years was a
larger first generation followed by a summer population of the same order of magnitude.
The timing of hatching of Arfemia cysts was affected by the recovery of oxygen. The
initiation of hatching occurred slightly later in the spring and coincided with the return of
oxygenated conditions. First generation numbers in 1989 were initially high in March
(ca. 30,000 individuals m2) and within the range seen from 198488, but decreased by
late spring to 4,200 individuals m2. High mortality may have been due to low

temperatures, since March lake temperatures (2—6°C) were lower than the suspected

lethal limit (ca. 5—6°C ) for Artemia (Jellison et al. 1989). Increased mortality may also



have been associated with elevated concentrations of toxic compounds (H,S, NH,+, As)

resulting from the breakdown of meromixis.

High spring chlorophyll levels in combination with the low first generation
abundance resulted in a high level of fecundity that led to a large second generation of
shrimp. Spring chlorophyll @ concentrations were high (30—44 g chl a I'!) due to the
elevated ammonium_levels (27-44 uM) and are typical of pre-meromictic levels. This
abundant food source (as indicated by chlorophyll a) led to large Artemia brood sizes and
high ovigerity during the period of ovoviviparous reproduction and resulted in the large
observed summer abundance of Artemia (peak summer abundance, 93,000 individuals
m2). Negative feedback eﬁ'ects were apparent when the large summer population of
Artemia grazed the phytoplankton to very low levels (<0.5-2 p g chl a I'). The low algal
densities led to decreased reproductive output in the shrimp population. Summer brood
size, female length, and ovigerity were all the lowest observed in the period 1983-89.

Small peak abundance of first generation adults were observed in 198083, and
1989. However, the large (2-3 times the mean) second generations were only observed
in 1981, 1982, and 1989. During these years, reduced spring inflows resulted in less than
usual density stratification and higher than usual vertical fluxes of nutrients thus
providing for algal growth and food for the developing Arfemia population.

Monomictic conditions with relatively stable lake levels, 1990—94

Mono Lake was monomictic from 1990 to 1994 (Jellison ef al. 1991, Dana et al.
1992, Jellison et al. 1994, Jellison et al. 1995b) and lake levels (6374.6 to 6375.8 ft asl)
were similar to those in the late 1970s. Although the termination of meromixis in

November 1988 led to monomictic conditions in 1989, the large pulse of monimolimnetic



ammonium into the mixed layer led to elevated ammonium concentratibns in the euphotic
zone throughout 1989, and the plankton dynamics were markedly different than 1990-94.
In 1990-94, ammonium concentrations in the euphotic zone decreased to levels observed
prior to meromixis in 1982. Ammonium was low, 0-2 uM, from March through April
and then increased to 8-15 pM in July. Ammonium concentrations declined slightly in
late summer and then increased folléwing autumn turnover. This pattern of ammonium
concentratior'ls in the euphotic zone and the hypolimetic ammonium concentrations were
similar to those observed in 1982. The similarities among the years 1990-94 indicate the
residual effects of the large hypolimnetic ammonium pulse accompanying the breakdown
of meromixis in 1988 were gone. This supports the conclusion by Jellison et al. (1990)
that the seasonal pattern of ammonium concentration was returning to that observed
before the onset of meromixis.

Spring and summer peak abundances of adult Artemia were fairly constant
throughout 1990 to 1994, Adult summer popﬁlation peaks in 1990, 1991, and 1992 were
all 35,000 m2 despite the large disparity of second generation naupliﬁr peaks (280,000,
68,000, and 43,000 m2 in 1990, 1991, and 1992, respectively) and a difference in first
generation peak adult abundance (18,000, 26,000, and 21,000 m in 1990, 1991, and
1992, respectively). Thus, food availability or other environméntal factors are more
important to determining summer abundance than recruitment of second generation
nauplii. In 1993, when freshwater inflows were higher than usual and thus density
stratification enhanced, the summer generation was slightly smaller (21,000 m-2).

Summer abundance of adults increased slightly (29,000 m?) in 1994 when runoff was

lower and lake levels were declining.



Meromictic conditions with rising lake levels, 1995-present

The winter (1994/95) period of holomixis injected nutrients which had previously
accumulated in the hypolimnion into the upper water column prior to the onset of thermal
and chemical stratification in 1995 (Jellison ef al. 1996a). During 1995, above normal
runoff in-thelMono Basin coupled with the absence of significant water diversions out of
the basin led to rapidly rising lake levels. The large freshwater inflows resulted ina 3.4 ft
rise in surfac'e elevation and the onset of meromixis, a condition of persistent chemical
stratification with less saline water overlying denser more saline water. Due to holomixis
during late 1994 and early 1995, the plankton dynamics during the first half of 1995 were
similar to those observed during the past four years (1991-94). Therefore 1995 |
represents a transition from monomictic to meromictic conditions. In general, 1995
March mixed-layer ammonium and chlorophyll a concentrations were similar to 1993.
The peak abundance of summer adult Artemia (24,000 m?) was intermediate to that
observed in 1993 (21,000 m?) and 1994 (29,000 m?). The effects of increased water
column stability due to chemical stratification only became evident later in the year. As
the year proceeded a shallower mixed layer,‘ iower mixed-layer ammonium and
chlorophyll a concentrations, slightly smaller Artemia, and smaller brood sizes compared
to 1994 were all observed. The full effects of the onset of meromixis in 1995 were not
evident until 1996.

Chemical stratification persisted and strengthened throughout 1996 (Jellison e? al.
1997). Mixolimnetic (upper water column) salinity ranged from 78 to 81 g kg™ while
monimolimnetic (lowgr water column) were 89-90 g kg™!. The maximum vertical
density stratification of 14.6 kg m™ observed in 1996 was larger than any year since

1986. During 1996, the annual maximum in Secchi depth, a measure of transparency,



was among the highest observed during the past 18 years and the annual minimum was
higher than during all previous years except 1984 and 1985 during a previous period of
meromixis. While ammonium concentrations were <5 uM in the mixolimnion
throughout the year, monimolimnetic concentrations continued to increase. The spring
epilimnetic chlorophyll @ concentrations (~5-23 ug chl a I'!) were similar to those
observed in vprevious meromictic years, but were much lower than the concentrations
observed in Mafch 1995 before the onset of the current episode of meromixis. During
previous monomictic years, 1989-94, the spring maximum epilimnetic chlorophyll a
concentrations ranged between 87-165 pg chl a 11 |

A single mid-July peak in adults characterized Artemia population dynamics in
1996 with little evidence of recruitment of second generation Arfemia into the adult
population during late summer. The peak abundance of first generation adults v;/as
observed on 17 July (34,600 m2), approximately a month later than in.previous years.
The percent ovigery during June 1996 (42%) was lower than that observed in 1995
(62%), and much lower than that observed 1989-94 (83-98%). During the previous
meromictic years (1984-88) the female population was also slow to attain high levels of
ovigery due to lower algal levels. The maximum of the mean female length on sampling
dates through the summer, 10.7 mm, was shorter than those observed during 1993, 1994,
and 1995 (11.7, 12.1, and 11.3 mm, respectively). In 1996, brood size ranged from 29'to
39 eggs brood"! during July through November. The summer and autumn brood sizes
were smaller than those observed during 1993-95 (40 to 88 eggs brood-!), with the
exception of September 1995 (34 eggs brood-!) when the brood size was of a similar size

to September 1996 (33 eggs brood-1).
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Chemical stratification continued to increase in 1997 as the surface elevation rose
an additional 1.6 ft during the year. The midsummer difference in density between 2 and |
28 m attributable to chemical stratification increased from 10.4 kg m™ ini 1996 to 12.3 kg
m™ in 1997. The lack of holomixis during the previous two winters resulted in depieted
nutrient levels in the mixolimnion and reduced abundance of phytoplankton. In 1997, the
spring (February—April) epilimnetic chlorophyll a concentrations at 2 m (~2-3 pgchla I
1) were lower than those observed during 1996 (~5-8 ug chl a I'?), and other meromictic
years 198489 (1.6-57 ug chl a I'1), and much lower than those observed during the
spring months in the last period of monomixis, 1989-95 (~15-153 ug chla I'!).
Concomitant increases in transparency and the depth of the euphotic zone were also
observed. Asin 1996, a single mid-July peak in adults characterized the Artemia
population dynamics in 1997 with little evidence of recruitment of second generation
Artemia into adults. The peak midsummer adult abundance (27,300 m-?) was slightly
lower than 1996 but similar to 1995 (24,400 m-). The mean length of adult females was
0.2-0.3 mm shorter than the lengths observed in 1996 and the brood sizes lower, 26-33
eggs brood-! in 1997 compared to 29 to 53 eggs brood-' in 1996.

In 1998 the surface elevation of the lake rose 2.2 ft. The continuing dilution of
saline mixolimnetic water and absence of winter holomixis led to increased chemical
stratification. The peak summer difference in Qensity between 2 and 28 m attributable to
chemical stratification increased from 12.3 kg m™ in 1997 to 14.9 kg m* in August. 1998.
The 1998 peak density difference due to chemical stratification was higher than that seen
in any previous year, including 1983—84. The lack of holomixis during the previous three

winters resulted in depleted nutrient levels in the mixolimnion and reduced abundance of
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phytoplankton. Chlorophyll a concentrations at 2 m generally decreased from 14.3 pg chi
a I'! in February to 0.3 pg chl a I'! in June, wheﬁ the seasonal chlorophyll a concentration
minimum was reached. After that it increased to 1-2 ug chl a I'! during July—October
and to ~8 pg chl a I'! in early December. In general, the seasonal pattern of
mixolimnetic chlorophyll @ concentration was similar to that observed during the two
previous mgromictic years, 1996 and 1997, in which the spring and autumn algal blooms
are much reduced cdmpared to monomictic years.

As in 1996 and 1997, a single mid-July peak in adults characterized the Artemia
popula;tion dynamics in 1998 with little evidence of recruitment of second generation
Artemia into adults. The peak abundance of adults observed on 10 August (34,000 m-2)
was slightly higher than that observed in 1997 (27,300 m-) and, while similar to the
timing in 1997, approximately two weeks to a month later than in most previous years.

The mean female lengfh ranged from 9.6 to 10.3 mm in 1998 and was slightly shorter
than observed in 1996 (10.1-10.7 mm) and 1997 (9.9-10.4 mm). Mean brood sizes in
1998 were 22-50 eggs brood™'. The maximum brood size (50 eggs brood-!) was within
the range of maximums observed in 1995-97 (62, 53, and 33 eggs brood-!, respectively),
but was significantly smaller than has been observed in any other previqus year 1987-94
(81-156 eggs brood-1).

Meromixis continued but weakened slightly in 1999 as the net change in surface
elevation over the course of the year was -0.1 ft. The midsummer difference in density
between 2 and 28 m attributable to chemical stratification declined from 14.9 kg m™ in
1998 to 12.2 kg m™. The lack of holomixis during the past four winters resulted in

depleted inorganic nitrogen concentrations in the mixolimnion and reduced abundance of
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phytoplankton. In 1999, the spring (F ébruary——April) epilimnetic chlorophyll a
concentrations at 2 m (10-16 pg chi a I') were similar to those observed in 1998 but
slightly higher than the twd previous years of meromixis, 1997 (~2-3 pg chl a I't) and
1996 (~5-8 ug chl a I''). However, they are considerably lower than those observed
during the spring months of the last period of monomixis, 1989-95 (~15-153

ug chl alI'!). Asin all of the three immediately preceding years of meromixis, 199698,
the Artemia. population dynamics in 1999 were characterized by a single late-summer
peak in adults with little evidence of recruitment of second generation Artemia into
adults. The peak midsummer adult abundance (3 8,000 m?) was slightly higher than 1996
(32,200 m?), 1997 (27,300 m?), and 1998 (34,000 m2). The mean length of adult
females was slightly longer (10.0-10.7 mm) than 1998 (.9.6—1 0.3 mm) and similar to
1996 (10.1-10.7 mm) and 1997 (9.9-10.4 mm), while the range of mean brood sizes (27— -
48 eggs brood*) was similar (22-50 eggs brood”; 1996-98).

Long-term integrative measures: annual primary productivity, mean annual
Artemia biomass and egg production

The availability of dissolved inorganic nitrogen or phosphorus has been shown to
limit primary production in a wide array of aquatic ecosystems. Soluble reactive
phosphorus concentrations are very high (>400 uM) in Mono Lake and thus will not limit
growth. However, inorganic nitrogen varies seasonally, and is often low and potentially
limiting to algal growth. A positive response by Mono Lake phytoplankton in
ammonium enrichments performed during different periods from 1982 to 1986 indicates
inorganic nitrogen limits the standing biomass of algae (Jellison 1992). In Mono Lake,
the two major sources of inorganic nitrogen are brine shrimp excretion and vertical

mixing of ammonium-rich monimolimnetic water.
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Algal photosynthetic activity was measured from 1982 to 1992 (Jellison and
Melack, 1988, 1993a; Jellison ef al. 1994) and clearly showed the importance of variation
in vertical mixing of nutrients to annual primary production. Algal biomass during the
spring and autumn decreased following the onset of meromixis and annual photosynthetic
production was reduced (269-462 g C m? yr'!; 1984 to 1986) compared to non-
meromictic conditions (499-641 g C m? yr'!; 1989 and 1990) (Jellison and Melack
1993a). Also, a gradual increase in photosynthetic production occurred even before
meromixis was terminated because of increased vertical flux of ammonium due to deeper
mixing into ammonium-rich monimolimnetic water. Annual production was greatest in
1988 (1,064 g C m yr') when the weakening of chemical stratification and eventual
breakdown of meromixis in November resulted in large fluxes of ammonium into the
euphotic zone.

Estimates of annual primary production integrate annual and seasonal changes in
photosynthetic rates, algal biomass, temperature, and insolation. Although measurements
of photosynthetic rates were discontinued in 1992, most of the variation in photosynthetic
rates can be explained by regressions on environmental covariates (i.e. temperature,
nutrient, and light regimes) (J ellisdn and Melack 1993a, Jellison ei al. 1994). Therefore,
estimates of mud primary production using previously derived regressions and current
measurements of algal biomass, temperature, and insolation are included as part of the
limnological monitoring program (see chapter 3). These estimates of annual primary
production indicate a period of declining productivity (1994—-1997) associated with the
onset of meromixis and increasing chemical stratification, followed by an increasing

production during 1998 and 1999 despite continuing meromixis.
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The mean annual biomass of Artemia was estimated from instar-specific
abundance and length-weight relationships for the period 1983-99. The mean annual
biomass has varied from 5.34 to 17.6 g m™ with a 16-yr mean of 9.8 g m>. The highest
estimated mean annual biomass (17.6 g m?2) occurred in 1989 just after the breakdown of
‘meromixis during a period of elevated phytoplankton nutrients (ammonium) and
phytoplankton. The lowest annual estimate was in 1997 following two years of
meromixis ;nd increasing density stratification. Mean annual biomass was somewhat
below the long-term mean during the first 3 years of the 1980s episode of meromixis and
then above the mean the next 3 years as meromixis weakened and ended. The lowest
annual biomass of Artemia (5.3 g m2) was observed in 1997, the second year of the
current episode of meromixis. However, annual biomass inc1feased in 1998 and 1999 to
near the long-term mean.

Scientific publications

In addition to the long-term limnological monitoring, the City of Los Angeles has
partially or wholly funded a number of laboratory experiments, analyses, and analytical
modeling studies resulting in the following peer-reviewed research publications by

University of California, Santa Barbara (UCSB) researchers.

Dana, G. L. and P.H. Lenz. 1986. Effects of increasing salinity on an Arfemia population from
Mono Lake, California. Oecologia 68:428-436.

Dana, G. L., R. Jellison, and J. M. Melack. 1990. Artemia monica egg production and
recruitment in Mono Lake, California, USA. Hydrobiologia 197:233-243.

Dana, G. L., R Jellison, J. M. Melack, and G. Starrett. 1993. Relationships between Artemia
monica life history characteristics and salinity. Hydrobiologia 263:129-143.

Dana, G. L., R. Jellison, and J. M. Melack. 1995. Effects of different natural regimes of
temperature and food on survival, growth, and development of Artemia. J. Plankton Res.
17:2115-2128.

Jellison, R. 1987. Study and modeling of plankton dynamics in Mono Lake, California. Report
to Community and Organization Research Institute, Santa Barbara.
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Jellison, R., G. L. Dana, and J. M. Melack. 1992. Ecosystem responses to changes in freshwater
inflow to Mono Lake, California, p. 107-118. In C. A. Hall, Jr., V. Doyle-Jones, and B.
Widawski {eds.] The history of water: Eastern Sierra Nevada, Owens Valley, White-Inyo
Mountains. White Mountain Research Station Symposium 4. Univ. of Calif., Los
Angeles. '

Jellison, R., Romero, J., and J. M. Melack. 1998a. The onset of meromixis during restoration of
Mono Lake, California: Unintended consequences of reducing water diversions. Limnol.
Oceanogr.Limnol. Oceanogr. 43:706-711.

Jellison, R. and J. M. Melack. 1988. Photosynthetic activity of phytopiankton and its relation to
environmental factors in hypersaline Mono Lake, California. Hydrobiologia 158:69-88.

Jellison, R., and J. M. Melack. 1993a. Algal photosynthetic activity and its response to
meromixis in hypersaline Mono Lake, California. Limnol. Oceanogr. 38:818-837.

Jellison, R., and J. M. Melack. 1993b. Meromixis in hypersaline Mono Lake, California I.
Vertical mixing and density stratification during the onset, persistence, and breakdown of
meromixis. Limnol. Oceanogr. 38:1008-1019.

Jellison, R., L. G. Miller, J. M. Melack, and G. L. Dana. 1993. Meromixis in hypersaline Mono
Lake, California II. Nitrogen fluxes. Limnol. Oceanogr. 38:1020-1039.

Jellison, R., G. L. Dana, and J. M. Melack. 1995a. Zooplankton cohort analysis using systems
identification techniques. J. Plankton Res. 17:2093-2115.

Jellison, R., R. Anderson, J. M. Melack, and D. Heil. 1996b. Organic matter accumulation in
Mono Lake sediments during the past 170 years. Limnol. Oceanogr. 41:1539-1544.

Miller, L. G., R. Jellison, R. S. Oremiand, and C. W. Culbertson. 1993. Meromixis in hypersaline
Mono Lake, California III. Breakdown of stratification and biogeochemical response to
overturn. Limnol. Oceanogr. 38:1040-1051.

Romero, J.R. and J.M. Melack. 1996. Sensitivity of vertical mixing to variations in runoff.
Limnol. Oceanogr. 41:955-965.

Romero, J. R, R. Jellison, J. M. Melack. 1998. Stratification, vertical mixing, and upward
ammonium flux in hypersaline Mono Lake, California. Archiv fuer Hydrobiol. 142: 283-
315.

Romero, J R, J.C. Patterson, and J. M. Melack. 1996. Simulation of the effect of methane bubble
plumes on vertical mixing in Mono Lake. Aquat. Sci. §8:210-223.

Other related current research

A wide array of research is being conducted at Mono Lake and UCSB researchers
are actively collaborating with several other projects. These include a series of NSF-
funded research grants on the internal mixing dynamics of Mono Lake (S. MaclIntyre,

UCSB), an NSF-funded microbial observatory at Mono Lake (J. Hollibaugh and S. Joye,
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‘ Univ. Georgia; J. Zehr, UCSC) and research into the effects of Artemia abundance on
feeding and reproductive success of California Gulls (D. Winkler, Cornell; J. Jehl, Hubbs

Sea-World Institute).
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CHAPTER 2

METHODS
Meteorology

Continuous meteorological data is collected at the Paoha station located on the
“southern tip qf Paoha Island. The station is approximately 30 m from the shoreline of the
lake with the base logated at 1948 m asl, several meters above the current surface
elevation of tﬁe lake. 'Sensor readings are made every second and stored as éither ten
minute or hourly values. A Campbell Scientific CR10 datalogger records up to 3 weeks
of measurements aﬂd radio frequency telemetry is used to download the data weekly.

Wind speed and direction (RM Young wind monitor) are measured at a height of
3 m above the surface of the island and are averaged over a 10-minute interval. The
maximum wind speed during the ten-minute interval is also recorded. The 10-minute
wind vector magnitude, wind vector direction, and the standard deviation of the wind
vector direction are computed from the measurements of wind speed and wind direction
and stored. Hourly measurements of average photosynthetically available radiation
(PAR, 400 to 700 nm, Li-Cor 192-S) and total rainfall (Qualimetrics 601 I-B tipping
bucket), and ten minute averages of relative humidity (Vaisalia HMP35C) and air
temperature (Vaisalia HNV35C and Omnidata ES-060) are also made and stored.

The Cain Ranch meteorological station is located approximately 7 km southwest
of the lake at an elevation of 2088 m. Throughout the 1980s, LADWP measured wind
and temperature at this station. Currently UCSB maintains and records hourly averages
of incoming shortwave (280 to 2800 nm; Eppley pyranometer), longwave radiation (3000

to 50000 nm; Eppley pyrgeometer) and PAR (400 to 700 nm; Li-Cor 192-S) at this site.
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Sampling Regime

Eleven lakewide surveys were conducted in 2000 at approximately monthly
intervals. During winter, the plankton dynamics change relatively ‘slowly and thus a
survey was not condﬁcted during January. Artemia, temperature, conductivity, oxygen,
ammonium, .chlorophyll a, and Secchi depth were sampled on every survey. In June
2000, we added collection of additional net tows at 12 stations for the direct
determinatioﬁ of Artemia biomass, added two buoyed stations in the far eastern portion of
the lake, and ceased sampling at non-buoyed intermediate stations. A detailed
description of these changes and their rationale is included in Appendix A.

Field Procedures
In situ profiles

Water temperature and conductivity were measured at eight buoyed, pelagic
stations (2, 3, 4, 5, 6, 7, 8, and12) (Figufe 1). From February through May, profiles were
taken with a high-precision, conductivity-temperature-depth profiler (CTD) (Sea-Bird
Electronics, model Seacat SBE 19). In May, 2000 we acquired (on loan from the
University of Georgia) a Seacat SBE19 equipped with additional sensors to measure
photosynthetically available radition (PAR), fluorescence (695 nm), and transmissivity
(660 nm). These additioﬁal sensors will enable a much more accurate quantification of
the vertical variation in phytoplankton and particularly the mid-depth maximum.

From February through May, the CTD was deployed with a free-fall rate of
~0.25-0.35 m 5! and recorded temperature and conductivity every 0.5 seconds. Raw
temperature data were shifted upward 1.6 scans (~800 ms) relative to the pressure data to
allow for the slower response of the thermistor. Beginning in June, the new CTD was

deployed by lowering at 0.1-0.2 m s’  An analysis of salinity spiking from the mismatch
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in the time response of the conductivity and temperature sensors indicated a 1.7 s
displacement of the temperature data provided the best fit. The pumped fluorometer data
requires a 3.7 s shift, and other sensors (pressure, PAR, transmissivity) required a
distance offset based on their relative placement. As density variations in Mono Lake
can be substantial due to chemical stratification, pressure readings were converted to
depth by integrating the mass of the water column above each depth.

Conductivity readings at in situ temperatures (C;) were standardized to 25°C (Cas) using
C = o
2 14002124(f - 25)+ 916 x 107%(r - 25)°

where 7 is the in situ temperature. To describe the general seasonal pattern of density
stratification, the contributions of thermal and chemical stratification to overall density
stratification were calculated based on conductivity and temperature differences between

2 and 28 m at station 6 and the following density equation:

p(1,C,5)=1.0034+1.335x107°1 - 620 x 107> + 4.897x 10~ C,,
+4.23x107°C% —1.35x107%1C,, '

The relationship between total dissolved solids and conductivity for Mono Lake water
was given by:

TDS(g kg™ )= 3386 +0.564 x C,; +0.00427 x CZ, .
To obtain TDS in grams per liter, the above expression was multiplied by the density at
25°C for a given standardized conductivity given by:

P,5(C) = 099986 + 52345 x 10 C +4.23 x 10 C?

A complete description of the derivation of these relationships is given in Chapter 4 of

the 1995 Annual Report.
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From February through May 2000, light attenuation was measured at one
centrally located station (Station 6) using a LI-COR light meter (LI-COR, model LI-250)
equipped with a submersible PAR light sensor (LI-COR, model LI-192S). From May
through December, light attenuation was recorded using the Sea-Bird profiler, which was
equipped with a submersible PAR light sensor (LI-COR,; model LI-1000).

Throughout 2000, dissolved oxygen was measured at one centrally located station
(Station 6). bissolved oxygen concentration was measured with a Yellow Springs
Instruments temperature-oxygen meter (YSI, model 58) and probe (YSI, model 5739). A
new probe was purchased in August 2000. The oxygen electrode is calibrated at least
once éach year against Miller titrations of Mono Lake water (Walker et al. 1970).

Water samples

Chlorophyll and nutrient samples were collected from seven to eleven depths at
one centrally located station (Station 6). In addition, 9-m integrated samples for
chlorophyll a determination and nutrient analyses were collected with a 2.5 cm diameter
tube at seven stations (Station 1, 2, S, 6, 7, 8, and 11) (Figure 1). Samples for nutrient
analyses were filtered immediately upon collection through Gelman A/E glass-fiber |
filters, and kept chilled and dark until returned to the lab. Water samples used for the
analysis of chlorophyll a were filtered through a 120-um sieve to remove all stages of
Artemia, and kept chilled and dark until filtered in the laboratory.

Artemia samples

The Artemia population was sampled by one net tow from each of twelve, bouyed
stations (Figure 1). Samples were taken with a plankton net (1 m x 0.30 m diameter, 120
nm Nitex mesh) towed vertically through the water column. Samples were preserved

with 5% formalin in lake water.
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Laboratory Procedures
Water samples

Upon return to the laboratory, chlorophyll samples were filtered onto 47 mm
Whatman GF/F filters and kept frozen until the pigments were analyzed. From 1987
through May 2000, Mono Lake chlorophyll a samples were filtered onto Gelman A/E
filters, which have a pore size of ca. 1.0 ym. The recognition that a small fraction of
picoplankton Vmay pass through these filters prompted an additional protocol in which the
the A/E filtrates from 2, 12, 20, and 28 m depth profiles from station 6 were filtered onto
Whatman GF/F filters (ca. 0.7 microns effective pore size) . The chlorophyll a means
and standard dewviations of GF/F-filtered A/E ﬁltrate for 2, 12, 20, and 28 m were 0.419 +
0.412 (n=55), 0.570 % 0.403 (n=55), 1.043 + 0.321 (n=55), and 1.401 £ 0.550 (n=38)
ug chl I, respectively. During periods of low chlorophyll (<5 pg chl I'"), A/E filtrate
onto GF/F filters produced chl a values of ca. 20% those from the A/E filters. During
periods of higher chlorophyll (>5 ug chl I'l) the relative amount captured by a second
filtration onto GF/F filters was 3.9%. Beginning in June 2000, GF/F filters were used
exclusively for chlorophyll a determinations.

Chlorophyll @ was extracted ar_xd homogenized in 90% acetone at room
temperature in the dark. Following clarification by centrifugation, absorption was
measured at 750 and 663 nm on a spectrophotometer (Milton Roy, model Spectronics

301), calibrated once a year by Milton Roy Company. The sample was then acidified in
the cuvette, and absorption was again determined at the same wavelengths to correct for
phaeopigments. Absorptions were converted to phgeophytin—corrected chlorophyll a
concentrations with the formulae of Golterman (1969). During periods of low

phytoplankton concentrations (<S ug chl a I'1), the fluorescence of extracted pigments
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was measured on a fluorometer (Sequoia-Turner, model 450) which was calibrated
against the spectrophotometer using large-volume lake samples and fresh lettuce.
Ammonium concentrations were measured using the indophenol blue method (Strickland
and Parsons 1972). In addition to regular standards, internal standards were analyzed
because the molar extinction coefficient is less in Mono Lake water than in distilled
water. Oxygen gas. was bubbled into Mono Lake water and used for standards and
sample diluti;)ns. Oxygenating saline water may help reduce matrix effects that can occur
in the spectrophotometer (S. Joye, pers. comm.)
Artemia samples

Artemia abundances were counted under a stereo microscope (6x or 12x power).
Depending on the density of shrimp, counts were made of the entire sample or of
subsamples made with a Folsom plankton splitter. Samples were split so that a count of
150 to 200 anirﬁals was obtained. Shrimp were classified into adults (instars > 12),
juveniles (instars 8-11), and nauplii (instar 1-7) according to Heath’s classification
(Heath 1924). Adults were sexed and the adult females were divided into ovigerous and
non-ovigerous. Ovigerous females included egg-bearing females and fel;nales with
oocytes. Adult ovigerous females were further classified according to their reproductive
mode, ovoviviparous or oviparous. A small percentage of ovigerous females were
unclassifiable if eggs were in an early developmental stage. Nauplii at seven stations
(Stations 1, 2, §, 6, 7, 8, and 11) were further classified as to instars 1-7.

Live females were collected for brood size and length analysis from seven buoyed
stations (Stations 1, 2, 5, 6, 7, 8, and 11) with 20-m vertical net tows and kept cool and in
low densities during transport to the laboratory. Immediately on return to the laboratory,

females were randomly. selected, isolated in individual vials, and preserved. Brood size
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was determined by counting the number of eggs in the ovisac including those dropped in
the vial, and egg type and shape were noted. Female length was measured from the tip of
the head to the end of the caudal furca (setae not include).

Long-term integrative measures of productivity

Primary Production

Photosynthetically available radiation (PAR, 400-700 nm) was recorded
continuously at Cain Ranch, seven kilometers southwest of the lake, from 1982 to 1994
and on Paoha Island in the center of the lake beginning in 1991 with a cosine-corrected
quantum sensor. Attenuation of PAR within the water column was measured at 0.5-m
intervals with a submersible quantum sensor. Temperature was measured at 1-m
intervals with a thermistor and wheatstone bridge circuit calibrated against a certified
thermometer and accurate to 0.05°C prior to 1992 and with a conductivity-temperature-
depth profiler (Seabird, SB19) from 1992 to 2000 (see Methods, Chapter 2).
Phytoplankton samples were filtered onto glass fiber filters and extracted in acetone (See
Methods, Chapter 2).

Photosynthetic parameters were estimated based on regression of 1991 and 1992
photosynthetic parameters against temperatures. The chlorophyll-normalized light-
saturated uptake rates from carbon uptake measurements performed in 1991 and 1992
were highly correlated with water temperature. The exponential equation:

P_B=0.237x 1.183T n=42, 12=0.86

where T is temperature (°C) explained 86% of the overall variation. As found in previous
analyses (Jellison and Melack 1993), there was a strong correlation between light-limited
and light-saturated rates. A linear regression on light-saturated rates explained 82% of

the variation in light-limited rates:
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‘ aB=2.69 + (1.47 x P,B) n=42, r*=0.82
Both light-limited and light-saturated carbon uptake rates are within the range reported in
other studies. During 1995, rising lake levels and greater salinity stratification most
likely reduced the vertical flux of nutrients and thus may have affected the photosynthetic
rates. However, previous regression analyses (Jellison and Melack 1993), using an
extensive da;a set collected during periods of different nutrient supply regimes, indicates
little of the observed variance in photosynthetib rates can be explained by simple estimate
of nutrient supply. The above regressions explain most of the variance in photosynthetic
rates and thus pfovide areasonable alternative to frequent, costly field and laboratory
measurements using radioactive tracers. The diﬁ’erepces in annual phytoplankton
production throughout the period, 1982-1992, resulted primarily from changes in the
amount of standing biomass; year to year changes in photosynthetic parameters during

' the years they were measured (1983-92) were not correlated with annual production.
While photosynthetic parameters were not measured in 1993-99, other major factors
determining prirﬁary production were measured throughout the year.
Esﬁmates of daily integral production were made using a numerical interpolative model
(Jellison and Melack 1993). Inputs to the model include the estimated photosynthetic
parameters, insolation, the vertical attenuation of photosynthetically available irradiance
and vertical water column structure as measur_ed by temperature at 1 m intervals and
chlorophyll a from samples collected at 4-6 m intervals. Chlorophyll-specific uptake
rates based on temperature were multiplied by ambient chlorophyll a concentrations
interpolated to 1-m intervals. The photosynthetically available light field was calculated

from hourly-integrated values at the onshore monitoring site, measured water column
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attenuation, and a calculated albedo. The albedo was calcu]ated based on hourly solar
declinations. All parameters, except insolation that was recorded continuously, were
linearly interpolated between sampling dates. Daily integral production was calculated
by summing hourly rates over the upper 18 m.

Artemia biomass and reproduction

Average daily biomass and annual cyst and naupliar production provide
integrative méasures of the Artemia population allowing simple comparison among years.
Prior to 2000, Artemia biomass was estimated from stage specific abundance and adult
length data, and weight-length relationship determined in the laboratory simulating in situ
conditions of food and temperature (see Jellison and Melack 2000 for details). Beginning
in 2000, biomass was determined directly by drying and weighing of Arfemia collected in
vertical net tbws.

The resulting biomass estimates are approximate because actual instar-specific -
weights may vary within the range observed in the laboratory experiments. However,
classifying the field samples into one of the three categories will be more accurate than
using a single instar-specific weight-length relationship. Because length measurements
of adult females are routinely made, they were used to further refine the biomass
estimates. The adult fem;le weight was estimated from the mean length on a sample date
and one of the three weight-length regressions determined in the laboratory development
experiments. As the lengths of adult males are not routinely determined, the avérage
ratio of male to female lengths determined from individual measurements on 15 dates

from 1996 and 1999 was used to estimate the average male length of other dates.
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. Naupliar and cyst production was calculated using a temperature-dependent brood
interval, ovigery, ovoviviparity versus oviparity, fecundity, and adult female abundance

data from seven stations on each sampling date.
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. Table 10. Lakewide Artemia instar analysis, 2000.

Instars
1 2 3 4 5 6 7 8-11 adults total
Mean:
2/24 11,730 178 0 0 0 0 0 0 0 11,905
3716 20,285 416 0 0 0 (0] 0 0 0 20,701
4/19 5,869 8,763 9,229 2,713 879 225 57 0 0 27,733
5720 7,700 4,668 4,883 2,736 2,495 1,261 671 4,078 4,346 32,837
6/15 63,237 14,993 690 483 299 184 92 5,507 17,085 102,570
717 3,626 2,972 417 92 60 0 0 1,595 23,736 32,498
8/15 " 483 1,374 911 368 207 98 29 89 21,949 25,508
9/14 310 471 897 1,029 379 144 75 75 10,170 13,550
10716 256 353 296 310 144 238 132 221 4,214 6,166
11713 80 30 20 57 33 74 87 74 m 567
12/5 129 121 57 23 43 72 57 32 57 592
Standard error of mean:
2724 3,718 73 0 0 0 0 0 0 o 3,777
3716 9,896 258 0 0 0 0 0 0 0 10,025
4/19 2,342 3,036 2,797 956 500 126 53 0 0 9,065
5720 1,071 486 514 614 562 416 254 736 729 3,517
6/15 10,575 2,507 537 79 102 96 59 1,305 2,916 14,294
7717 834 633 m 45 28 0 0 7”9 7,83 8,869
8715 95 402 373 104 93 50 23 26 7,571 8,156
. 9/14 133 183 405 556 143 71 56 26 2,971 2,839
‘ 10716 62 71 83 72 32 66 16 48 1,020 1,118
11713 28 13 14 24 4 16 16 26 27 98
12/5 68 76 36 15 15 40 32 16 18 285
Percentage in different age classes:
2/24 98.5 1.5 0.0 0.0 0.0 0.0 c.0 0.0 0.0 100.0
3716 98.0 2.0 g.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
4/19 21.2 31.6 33.3 9.8 3.2 0.8 0.2 0.0 0.0 100.0
5/20 23.4 14.2 14.9 8.3 7.6 3.8 2.0 12.4 13.2 100.0
6/15 61.7 14.6 0.7 0.5 0.3 0.2 0.1 5.4 16.7 100.0
7717 11.2 9.1 1.3 0.3 0.2 0.0 0.0 4.9 73.0 100.0
8715 1.9 5.4 3.6 1.4 0.8 0.4 0.1 0.3 86.0 100.0
9/14 2.3 3.5 6.6 - 7.6 2.8 1.1 0.6 0.6 75.1 100.0
10/16 4.2 5.7 4.8 5.0 2.3 3.9 2.1 3.6 68.3 100.0
11/13 14.1 5.3 3.5 10.1 5.8 13.1 15.3 13.1 19.6 100.0
12/5 21.8 20.4 9.6 3.9 7.3 12.2 9.6 5.4 9.6 100.0




CHAPTER 3
RESULTS AND DISCUSSION

During 1995, above normal runoff coupled with the current reduced volume of
Mono Lake resulted in the second.largest annual lake level rise this century. The large
influx of freshwater initiated a period of persistent chemical stratification or meromixis.
Strong chemical stratification has continued through the present as diversions of
freshwater st.reams out of the Mono Basin have been minimal and the surface elevation of
the lake has continued to rise. A previous episode of meromixis that was initiated by
record runoff in 1982-83 ended 6 years later when the salinity of the mixolimnion
(surface mixed layer) eventually became greater than that of the monimolimnion (bottom
layer beneath chemocline) due to evaporative concentration and low inputs of freshwater.
Given the management goal of raising the lake level to 6391 ft, the current episode of
meromixis is likely to continue much longer (Jellison er al. 1998a). In this chapter, we
describe the physical, chemical, and biological conditions in Mono Lake during 2000, the
sixth year éf what is likely to be an extended period of meromixis.
Meteorological Data
Wind Speed and Direction

Mean daily wind speed varied from 1.0 — 10.7 ms”' over the year, and averaged
3.4ms’ (Fig. 1). The daily maximum 10-min averaged wind speeds averaged 2.4 times
mean daily wind speeds and the maximum recorded wind speed was 28.3 m s™' on 21
December. The mean monthly wind speed is fairly constant (coefficient of variation,
15%) and only varied from 2.4 ms™ in December to 4.1 ms™ in May. Wind direction
through the year was consistently from the southwest. The monthly vector-averaged

wind direction was 210 degrees, and ranged from 186 — 222 degrees over the year.
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Air Temperature

Mean daily air temperature ranged from a minimum of —5.3°C on 11 November
to a maximum of 23°C on 30 July (Fig. 3). Air temperatures ranged ﬁom 4.1°Cto
33.0°C during the summer (June through August) and from —14.1°C to 13.5°C during the
winter (December through February)

Incident Photosynthetically Available Radiation

Photdsynthetically avatlable radiation (400-700 nm) exhibits a regular sinusoidal
curve varying from about 20 Einsteins m~ day™ in mid-December to 65 ~Einsteins m™
day™! in mid-June (Fig. 4). Daily values that diverge from the curve indicate overcast or
stormy days. During 2000, the annual mean was 37.9 Einsteins m~ day™', with daily
valies ranging from 4.8 Einsteins m™ day™ on 15 January to.65.0 Einsteins m™ day™ on
30 May. |
Relative Humidity and Precipitation

Mean daily relative humidity followed a general pattern of high values in January
and February, decreasing to lows in May through August, and increasing through
December (Fig. 5). The yearly mean was 52.5%, with a maxin';um of 93.6% occurring on
23 January, and a minimum of 20.3% on 30 May (Fig. 5).

During 2000, annual precipitation at the Paoha Island rheteorological s_tation was
64.7 mm. Most precipitation fell in January (19.8 mm) and February (13.4 mm). Very
little precipitation occurred during May through July (0.7mm) and .nonewas recorded
during December. The peak daily precipitation (6.6mm) occurred on 13 February. The
detection limit for the tipping bucket gage is 1 mm of water. As the tipping bucket is not
heated, the instrument is less accurate during periods of freezing due to sublimation or

other losses of falling snow.

29



Surface Elevation

In 2000, the surface elevation of Mono Lake rose only 0.4 ft early in the year,
peaking at 6384.1 ft asl (USGS datum) where it remained from March through July. This
surface elevation is 0.9 ft below the June 1999 high point of 6385.0 ft (Fig. 7). During
late summer gnd autumn, evaporative loss and low runoff and precipitation caused a
gradual decline to 6383.0 ft by the end of the year, 1.1 ft below the December 1999
elevation. Tﬁus, a net annual decline of 0.7 ft in surface elevation occurred in 2000;
signficantly more than the 0.1 ft decline observed in 1999.

Temperature

The annual pattém of thermal stratification in Mono Lake results from seasonal
variations in climatic factors (e.g. air temperature, solar radiation, wind speed, humidity)
and theif interaction with density stratification arising from freshwater inputs. The
timing and magnitude of freshwater inputs, primarily precipitation and inflowing streams
that mix into the upper portion of the water column, effect vertical mixing and thus the
geasonal pattern of thermal stratification. The annual pattern of seasonal thermal
stratification observed during 1990-94 is typical of large temperate lakes, with the lake
being thermally mixed during holomixis in the late autumn through early winter. This
pattern was altered during a previous episode of meromixis (1982-89) and similarly in the
current episode of meromixis 1995-00; (Fig. 8, Table 1) due to vertical salinity gradients

| associated with ongoing meromixis.

Aside from the absence of a winter period of holomixis, the most notable
difference in the thermal regime during 199600 compared to monomictic years is the
presence of significant inverse thermal stratification at mid-depths. This inverse thermal

stratification was observed from December 1995 through April 1996 and from November
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1996 through May 1999 (throughout 1997 and 1998). In 2000, inverse thermal
stratification of 1.5 °C was observed during February and March but disappeared by May
due to warming of the metalimnion. On the 24 February profile, the upper water column
was well-mixed with a temperature of ca. 3.4°C, while below the mixolimnion the
temperature increased to ca. 5.0°C. Elimination of this inverse thermal stratification was
due entirely to warming of the metalimnion, as the temperature of the monimolimnion
(region beneath the the chemocline) remained constant at 4.9-5.0°C throughout the year
(Table 1). Monimolimnetic temperatures did not vary from 1999, but were slightly
cooler and more constant then observed in 1997 and 1998 (5.0-5.2°C and 4.9-5.1°C,
respectively). The chemocline deepened to 24 m in April 2000 and remained there
throughout the year. This is 2 m deeper than in 1999, and 7 m deeper than in 1998.

By mid-March 2000, a seasonal thermocline had formed at 4 m. The thermocline
persisted and deepened over the summ'er, to 10 m by August. Unlike 1999, no secondary
thermocline developed above this seasonal thermocline in 2000. After August, the
epilimnion began to cool and deepen, and by December the water column was nearly
isothermal at 6.3°C above the chemocline at 23-24 m.

Mean epilimnetic temperatures were consistently warmer in February through
June 2000 than in respective months of 1999 or 1998 (Table 1). The near-surface water
temperatures also warmed faster, increasing ca. 3°C from Feb.-Mar. (3.4-6.5°C),
compared to ca. 2°C from Feb.-Mar. 1999 (2.1-4.0°C). By mid-Marc‘h when the shallow
thermocline had developed, the near-'surface water had warmed to 8.7°C, 2 degrees
warmer than in 1999 and 1998. Epilimnetic water temperature reached an annual

maximum in mid-August of 20.4°C, similar to the annual maximum in 1999 (20.7°C), but
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a month later. -Autumnal cooling rates were similar to 1995-99, slower than in 1993-94.
Slower rates of cooling in 1995-00 were caused in part by reduced entrainment of colder
metalimnetic water due to strong chemical stratiﬁcat_ion. The December 2000 mixed
layer temperature (6.3°C) was about 1 degree cooler than December 1999 (7.4°C), but .
within the range for 1995-98 (5.6-6.6°C). The December mixed-layer temperatures from
1995-00 were significantly warmer than in 1993 (4.7°C) and 1994 (5.0°C).
Conductivitsl and Salinity

Salinity, expressed as total dissolved solids, can be calculated from conductivity
measurements corrected to a reference temperature (see Methods). Because total
dissolved solids are conservative at the current salinities in Mono Lake, salinity decreases
as the volume of the lake increases due to inputs of freshwater in excess of evaporative
losses.

In 2000, conductivity in the mixoliminion increased slightly, from 78.1 mS c¢m™
in February to 78.4 mS cm™' in May, but decreased to the annual low of 77.4 mS cm” by
June (Fig. 9, Table 2). Subsequent evaporative concentration resulted in a conductivity
increase to the annual maximum of 80.1 mS cm™' in December. The mixolimnetic
salinity (TDS) therefore ranged from (72.6-76.0 g kg™'). The minimum conductivity and
salinity observed in 2006 was similar to the minimum in 1999 (76.8 mS cm™, 71.9 g
kg'). The maximum conductivity and salinity, however, increased to .levels similar to
1998 (ca. 80 mS cm’™*, 75.8g kg™).

Mean monimolimnetic conductivities and salinities in 2000 exhibited a small
annual decrease from 86.9 mS cm™ (84.6 g kg™') in February to 86.7 mS cm’ 844 ¢
kg™") in December. Monimolimnetic conductivities and salinities have decreased slightly

each year since the beginning of the current period of meromixis (from 90.3 mS cm™' in
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December 1995), indicating a small amount of vertical mixing or the presence of
subsurface freshwater inflows.

During 2000 the water column above the chemocline was generally well-mixed
and the gradient at the chemocline was significantly steeper and sharper than in previous
meromictic years (Table 2, Fig. 9). Also, mixolimnetic deepening has resulted in the
chemocline being pushed downward from 18-21 m in December 1999 to ~21 m,in
February 2000 and further to 24 m in December 2000.

Density Stratification: Thermal and Chemical

The large seasonal variation in freshwater inflows associated with a temperate
climate and year-to-year climatic variation leads to complex patterns of seasonal density
stratification. Much of the year-to-year variation in the plankton dynamics observed
during thé past 21 years at Mono Lake can be attributed to marked differences in’
chemical stratification resulting from variation in freshwater inflows.

As in previous meromictic years, density stratiﬁcatidn was evident throughout the
year in 2000 (Fig. 10, Table 3). Density of water below 28 m ranged from 1.077-1.078 g

cm™, while minimum densities of 1.063—1.069 gem”

were recorded near the surface (< 4
m). The annual density minimum (1.063 g cm™) occurred in July, during the same time
of year, but higher than the 1999 minimum (1.061 g cm™). The 2000 density minimum
was similar to the 1997 minimum (1.064 g cm™) but lower than in 1996 (1.066 g cm™) or
1995 (1.068 g cm™). The highest density gradients occurred at mid-dei)ths at the

interface of the mixolimnion and the perennially isolated monimolimnion. The density

gradient at the top of the monimolimnion was extremely sharp and steep throughout 2000
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(ca. 0.0030-0.0049 g cm” m™). The depth of the maximum density gradient increased
from 22-23 m in February - Apnl to 23-24 m in May — December.

Although the current eﬁisode of meromixis is expected to persist for some years
into the future, the deepening of the persistent chemocline during the past two years,
effectively reduces that portion of the lake that does not undergo holomixis. At the
current chemocline depth and surface elevation only 38% of the total area and 16% of the
total volume .of the lake lie beneath the clemocline.

A comparison of the density differences between 2 and 28 m due to thermal
versus chemical stratification indicates chemical density stratiﬁcati;)n continued to
predominate throughout 2000 (Fig. 11, Table 4). Annual peaks in density differences due
to chemical stratification increased each year 1995-98 (from 8.1 kg m>in August 1995 to
10.4 kg m” in July 1996, to 12.3 kg m™ in July 1997, to 14.9 kg m” in August 1998), but
in 1999 the annual peak decreased to near 1997 levels (12.2 kg m” in July 1999). The
annual peak in 2000 again decreased from 1999, to near 1996 levels (from 12.2 to 10.6
kg m™). Chemical density stratification still contributed aimost 4 times as much as
temperature to the overall density stratification (14.1 versus 3.6 kg m™). Data from the
December 2000 survey indicate that density stratification due to salinity was 7.8 kg m>
compared to 1.9 kg m™ due to temperature. The December chemical stratification was
lower in 2000 than any other year since 1995 (9.9 kg m>, 1999;.11.7 kg m™, 1998; 9.7 kg
m>, 1997; 7.9 ke m>, 1996; 6.0 kg m™, 1995). As in 1999, in February 2000 an inverse
thermal gradient resulted in decreasing the density gradient due to chemical stratification

(10.0 kg m3) by —0.27 kg m™.
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December conductivity profiles from 1994-99 (Fig. 12) show that there was an
increase in mixolimnetic conductivities due to sumrﬁer evaporative concentration of
surface water while monimolimnetic conductivities decreased, resulting in an o.verall
decrease in chemical stratification during 2000. The overall maximum density
stratiﬁcationAdue to both thermal and chemical effects in was 14.1 kg m” , a decrease
from the 1999 maximum of 16.3 kg m”, but similar to the maximum observed in 1996
(14.5 kg m‘3)..

Summer thermal stratification regularly contributes 3.5 to 4.5 kg m” of density
stratification between 2 and 28 m. During most monomictic years, the density
stratification due to temperature is lessened by inverse salinity stratification due to
evaporative concentration of surface water during late summer. This inverse salinity
stratification promotes vertical mixing of nutrients and late summer deepening of the
mixed layer. During mcromictic years, density stratification is enhanced by salinity
stratification, and late summer vertical fluxes of nutrients and deepening of the mixed
layer are inhibited.

Transparency and Light Attenuation

In 2000, average lakewide transparencies as determined by Secchi depth were
between 1.8-1.9 m during February-Aprnl (Fig. 13, Table 5). These values were similar
to those observed during 1994 and 1995 following periods of winter holomixis and
slightly less (réﬂecting more phytoplankton) than 1996-99. Secchi depth increased to 4.9
m by mid-May due to grazing by the developing 1 generation of Artemia. The increase
in May was greater than observed in 1999 (3 m compared to 1 m in 1999), but similar to
May transparencies in 1998 and 1994 (both ca. 4.5-4.8 m). Transparency continued to

increase and by mid-June Secchi depth had increased to 7.1 m. The annual maximum
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Secchi depth in July was 7.5 m, significantly shallower than the maximums observed in
1994-99 (2-4.4 m).

The timing of the maximum Secchi depth in 2000 was similar to that in 1996-99
and 1994, but over a month earlier than in 1995. Secchi depth began to decrease in
August (6.2 m) and continued to decrease through late summer, reaching 1.3 m in
November-December. This is shallower than the range of December tranparencies in
1994-98 (2.6—2.8 m), but similar to 1999 (1.5), and similar to Secchi readings during
December 1993-94 before the onset of this period of meromixis (1.5-1.6 m). The 2000
annual minimum (1.2 m) occurred in April, and was similar in (iepth and timing to the
annual minimums of 1995-98. Reduced upward flux of nutrients accompanying
meromixis reduces the annual autumn algal bloom during periods of meromixis. But in
1999 and 2000, deepening of the mixed layer entrained ammonium-rich monimolimne_.tic
water, and thus provided nutrients to an autumn-winter algal bloom.

Overall, in 2000 transparencies were shallower than in previous years, owing to
an autumn algal bloom that was most likely enhanced not only by increased nutrient
fluxes, but also by an unusually low abundance of summer and autumn Artemia.

Secchi depth is an integrative measure of light attenuati;)n within the water
column. Because absorption is exponential with depth, the long-term variation in Secchi
depth is most appropriately viewed on a logarithmic scale. The annual maximum Secchi
depth in 2000 was lower than thét observed during the past 21 years, except 1979, 1980,
and 1993, and lower than in any of the previous meromictic years (Fig. 14). The annual
minimum Sgcchi depth was similar to 1995 and 1996 and lower than in any other of the

years during the present meromictic period 1995-00. The 2000 annual minimum was
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also lower than 1983 and 1984 during the previous period of meromixis, but higher than
all previous monomictic years, except 1994. These changes reflect an increase in
phytoplankton due to entrained nutrient-rich water from a deepening mixed-layer early in
the year, enhanced upward nutrient fluxes during the summer due to a lessening of
chemical stratification and very high monimolimnetic ammonium concentrations, and -
decreased Artemia grazing due to unusually low laté season abundance.

The a.ttenuatio'n of PAR within the water column varies seasonally, primarily as a
function of changes in algal biomass. In 2000, the depth of the euphotic zone,
operationally defined as the depth at which only 1% of the surface insolation is present,
varied from 7-8 m in the spring and winter to 14—-17 m in the summer (Fig. 15). The
depth of the euphotic zone was generally shallower throughout 2000 compared to 1999 |
and other meromictic years, reflecting the higher algal biomass observed this year.

Dissolved Oxygen

Dissolved oxygen concentrations are primarily a function of salinity, temperature,
and the balance between photosynthesis and overall community respiration. In the
euphotic zone of Mono Lake, dissolved ongen concentrations are typically highest
during the spring algal bloom. As the water temperature and Artemia population increase
through the spring, dissolved oxygen concentrations decline. Beneath the euphotic zone,
bacterial and chemical processes deplete the oxygen once the lake stratifies.

In March 2000, dissolved oxygen was 6.5 mg 1_" (Fig. 16, Table 6). The depth of
the anoxic zone was 22-23 m, having deepened from 20 m in December 1999. The
annual maximum surface oxygen concentration occurred in April (7.8 mg 1), one month
later than in 1999 or 1998. Mixolimnetic dissolved oxygen declined through July, when

the annual low concentration was ca. 4.2 mg 1. The range of oxygen concentrations (£
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3.6 mg I'') over the year was slightly greater than in 1999 (£ 2.8 mg 1"'). The anoxic zone

. (depth below which dissolved oxygen concentrations are <0.5 mg I'') deepened further to

24 m in December 2000. While the absence of any winter period of holomixis continued
to maintain anoxic conditions beneath the chemocline, the deepening of the chemocline
has resulted in a smaller anoxic volume (16% of total lake). The annual maximum
oxygen concentration occurred in April at the surface. In April the water column was
fairly well str.atiﬁed and oxygen decreased from the surface to the oxycline. Mid-depth
oxygen concentration maxima were observed in March at 4-5 m (7.3 mg 1™"), in May at 10
m (5.6 mg 1), in June at 11 m (5.3 mg I, and in July at 13 m (4.7 mg I'). These
dissolved oxygen values are within the range observed in previous years. In September
and October the upper water column was well-mixed above 12 m, resulting in a
homogenous oxygen mixolimnion.

Nutrients (ammonium)

Nitrogen is the primary limiting macronutrient in Mono Lake as phosphate is in
super-abundance (350-450 uM) throughout the year (Jellison ez al. 1994). External
inputs of nitrogen are low relative to recycling within the lake (Jellison et al. 1993).
Ammonium concentrations in the euphotic zone reflect the dynamic balance between
excretion by shrimp, uptake by algae, upward vertical fluxes through thermo- and
chemocline(s), release from sediments, ammonia volatilization, and small external inputs.
Because a large portion of particulate nitrogen, in the form of algal ciebris and Artemia
fecal pellets, sink to the bottom And are remineralized to ammonium in the hypolimnion
(or monimolimnion during meromixis), vertical mixing controls much of the internal

recycling of nitrogen.
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‘ During 2000, ammonium concentrations in the euphotic zone were low (0.1-1.1
tM) throughout the year except during May and June (Fig. 17, Table 7). During these
two months, ammonium concentrations near the surface were slightly higher (2.0-2.6
uM) due to Artemia grazing and excretion and decreased algal uptake. Artemia grazing
results in 'decfeased phytoplankton and thus algal ammonium uptake. This pattern is
similar to that observed in 1998 and 1999 when concentrations increased slightly each
month from April to June then decreased in July and were generally very low the rest of
the year, except that in 1999 the ammonium at 2 m was slightly elevated in October (1.1
uM). In 1996, the euphotic zone ammonium concentrations reached a higher mid-
summer peak June—August (2.2-3.7 uM), whereas in 1997, the ammonium
concentrations in the euphotic zone remained low all year (0.4-0.9 uM) and never
exhibited a mid-summer peak. Ammonium concentrations at 2 m were similar during

‘ February- and March 199600 (0.6-0.9 uM). However, during May-July 1997
ammonium concentrations at 2 m (0.4-0.5 uM) were significantly lower than in 1996 and
1998-00 (0.8-3.5 uM). Duﬁﬂg September-December, ammonium concentrations were
lower at 2 m (0.1-0.6 pM) than in 1996-99 (0.6—0.9 uM).

During February 2000, ammonium concentrations in the monimolimnion
continued to their 5-year increase during meromixis (445 pM compared to 369-394 uM
at28-35 m in 1999, 286-334 pM at 28-35 m in 1998, 181 uM at 28 m in 1997 and 73
puM at 24 m in 1996). Monimdlimnetic ammonium concentrations increased
substantially throughout the year with concentrations at 28 m reaching 683 uM by
December (compared with 164, 276, 403, and 483 uM at 28 m in December of 1996,

. 1997, 1998 and 1999, respectively). At 35 m ammonium concentrations reached 808 uM
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in December 2000 (Table 7). The present accumulation, over the last 6 years, is much
higher than during monomictic years, and higher tHat observed during the 1983-88
episode of meromixis. During the mid-80s period of meromixis, ammonium built up to
~600 uM during the 6 years (Jellison ez al. 1989).

Soluble reactive phosphate concentrations were above 550 uM throughout the
water column. These concentrations are several orders of magnitude above those that are
saturating for-phosphate uptake by phytoplankton, and thus variations will have no effect
on the plankton dynamics.

Algal Biomass (chlorophyll a)

Algal biomass, as characterized by the concentration of chlorophyll a, varied in
the mixolimnion from 1.4to 54.2 pg chl a 1" in 2000 (Fig. 18, Table 8). Chlorophyll a at
2 m decreased from 16.5 pg chl a I"' in February to 7.9 ugchlal' in March, before
increasing to 18.7 pug chla 1" in April. Concentrations were low throuéhout the summer
(1.4-1.9 pg chl a 1" due to high grazing by Artemia, but increased from 1.9 pug chl a I'in
August to the annual surface maximum of 54.2 ug chlal’ by December. The annual
minimum chlorophyll a (1.4 pg chl a I'') was slightly higher than the minimum in 1999
(0.9 ug chl a I'"), while the December maximum was well above the range of maxima
observed in 1996-99 (8-25 ug chl a I''). Prominent mid-depth maxima were observed at
24 m in February-April (32-44 pug chl a 1), and at 16-22 m in May-November (34-63 pg
chl a 1), and again .at 24 m in December (59 ug chl a I'') (Table 8). Monimolimnetic (28
m) concentrations of chlorophyll @ were relatively constant, varying from 29 to 40ug chl
a1, similar to the range observed in previous years.

A Seabird Seacat profiler equipped with a transmissometer, PAR sensor, and

fluorometer was acquired and deployed on routine surveys beginning in July 2000. This
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enabled a much better characterization of the vertical distribution of fluorescing and light
absorbing particles than sampling with a Van Dorn bottle. Regressions of chlorophyll a
determinations versus in situ fluorescence taken throughout the water column from July
through December yielded a strong correlation (r* = 0.77; Fig. 19) and indicate the
usefulness of fluorescence to characterize chlorophyll a distributions. However, there is
a fair amount of scatter about the regression on any given day, and thus an accurate
estimate of c};orophyll a requires depth and date specific comparisons to laboratory
chlorophyll a extractions. Nevertheless, even without detailed comparisons, variations in
fluorescence indicate complex‘ vertical variatioﬁ in the water column properties.
‘Fluorescence profiles show pronounced peaks at 16-18 m in July-September,
slightly deeper and less pronounced at 22-23 m in October, and then a very pronounced
and narrow peak at 24 m in December (Fig. 20). These profiles provide a‘ much more
detailed picture of the vertical complexity of the plankton than possible by. sampling
individﬁal depths with the Van Dom sampler. It is clear that large populations of
photosynthesizing organisms may develop at the top of the nutricline, and likely that this
population consists of a recently identified novel phytoplankton (C. Roesler pers.
commun.) adapted to very low light levels. The 17 July 2000 in situ profile shows the
existence of a thin, but pronounced, fluorescence peak at low light level, just beneath thé
oxycline and above the nutricline (ammonium gradient) (Fig. 21). The complex interplay
between biogeochemical processing by micro-organisms and in situ light, oxygen,
density, nutrient gradients is a major focus of the NSF-funded Microbial Observatory at

Mono Lake.
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Artemia Population Dynamics
Population Overview

The Artemia population in 2000 was characterized by the fairly rapid
development of the 1% generation, a large pulse of ovoviviparous reproduction in June,
and an _unusual decline in late-summer adults. Instar analysis indicated that first
generation hatching peaked in March, with abundances similar to those of 1999 (ca.
33,000 m™ in 1999, ca. 26,000 m™ in 2000). Rapid development of the 1¥ generatioﬁ of
Artemia led to a large pulse of nauplii (93,119 m™®) in June (Table 9a). This naupliar
peak was higher than in 1998 (64,400 m™) and 1999 (60,600 m™?). However, recruitment
of these nauplii into juveniles and adults was very low in 2000. Juvenile peak '
abundances were much lower (5017 m™?) than the annual peak in 1999 (35,600 m™) or
1998 (29,135 m™?) and the annual adult maximum (23,736 m™) was at the low end of the
range of abundances from 1982-99 (Table 9a, Fig. 22). The adult abundance decreased
slightly in August (22,060 m’%) and then further to 11,900 m™ by 14 September. These
late summer abundances are lowest of the past 20 years with the exception of 1986,
which were slightly lower. This unusual decline in late summer adults must result from
either unusually low recruitment or increased adult mortality.

Nauplii (Instars 1-7)

Hatching of over-wintering cysts typically becomes significant by late-February,
as water temperatures warm after a cold dormancy period (Dana 1981), and continues
through May. As in all previously sampled years, with the exception of 1989 when
anoxic conditions following the breakdown of meromixis delayed the beginning of the
spring hatch unti] the beginning of March, significant hatching had occurred by the first

sampling date of 24 February 2000. Naupliar numbers increased through June, when a
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peak in mean lakewide abundance of 93,119 m™ was observed (Table 9a). This peak
naupliar abundance was higher than in 1998 (64,400 m™) and 1999 (60,600 m2), and
higher than the range recorded during 1991-1994 (13,000-35,000 m™), but lower than the
unusually high peak abundances seen in 1983 (204,260 m™), 1989 (112,568 m™), and
1990 (281,110 m™). After June 2000, naupliar abundances decreased substantially to
9512 m™ by July, and then continued to decrease through November.

Ovoviviparous second generation nauplii hatched from May through August of
2000 (Table 11a). Peak ovoviviparous hatching occurred in June, when ovoviviparously
reproducing females comprised 4.2 percent of fecund females (Table 11¢). The percent
of ovoviviparous females was somewhat lower in 2000 comparéd to previous years (8 %
in 1999, 12% in 1998); However, adult Artemia may rapidly switch reproducti;/e mode
and monthly sampling may not accurately capture the peak of ovoviviparous
reproduction.

A lack of naupliar recruitment from July to September has been evident in past
years, with naupliar instar stages (3-7) absent in Artemia samples (1984, 1987, 1989,
1990-1991, 1996-1998). | This pattern was less pronounced in 1999, and was not visible
in 2000. Except for instars 6 and 7 in July, all size classes were represented from May
through December (Table 10). Naupliar abundances remained similar to higher than
- those in 1999 through OctoBer, but declined in November and December, when instar 1
abundance was ca.100 m” (Table 11a).
Juveniles (Instars 8-11)

In 2000 the annual juvenile maximum occurred in May (5017 m’2; Table 9a, Fig.
22) and was lower than the range i1-1 peaks observed 1993-1999 (9700-32,200 m™). The

timing of maximum abundance was similar to that observed in 1993-1994 and 1996-
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‘ 1997, but a month earlier than in 1998 and 1999. Juvenile abundance decréased rapidly
to 1360 m™ in July and further to 55 m™ in August. Given that the peak naupliar
abundance in 2000 was higher than the range of values for 1989-1994, and 1998-1999
and the resulting adult abundance lower, naupliar and juvenile .mortality appears to have
been higher than usual.

Adults

Adult z;bundance in 2000 increased to an annual maximum of 22,384 m™ in J uly
(Fig. 22, Table 9a). Abundances from February through July were at the low end of the
range observed 1983-1999 (excluding outlier years 1983, 1988, and 1989) (Fig. 23). The
annual maximum was not the lowest abundance observed during July, but it was the
lowest peak annual abundance recorded. Adult abundances were up to 4 times greater on
the southwest side of the lake in both 1999 and 2000 (Table 9a).

. ' The maturation of Artemia is dependent on water temperature and food
availability (Dana et al. 1995). In mid-June 2000 the mean mixolimnetic temperature
was 18.4°C, three degrees warmer than 1998 or 1999, and within the range observed
during June 1993-94 and 1996-97 (14.6-18°C) (Table 1). The mean chlorophyll a
concentrafion in June was also higher in 2000 (1.4 pg 1) than in either 1998 (0.3ug 1)
or 1999 (0.9 ug1'") (Table 8). Thus neither temperature nor food availability can explain

- the lack of recruitment into the adult population of the large number of nauplii observed
in June. While a change in algal species to those of lower food quality or edibility could
account for the lack of recruitment, individual fecundity (see below) was high and
suggests ample food.

In 2000, ovigerous females were first observed on the May survey (993 m™), one

‘ month earlier than in 1999 or 1998, but similar to dates of appearance in 1993-94 and
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1996-97 (Fig. 24,Table 11a). In May, ovigerous females comprised 58% of all adult
females (Table 11c). The number of ovigerous females increased to the year’s maximum
in July (6424 m™), then decreased in August (911 m?) and September (1445 m™), before
decreasing to zero in December. The percent ovigerity ranged between 75-90% of the
total female population from June through October and was similar to 1999 (62-99%),
except that iq 1999 ovigerity was low in June (1 4%).' Lower ovigerity early in the year is
known to reflect sloWer maturation rates. During previous meromictic years (1984-
1988), the female population was slow to attain high levels of ovigerity owing to lower
algal biomass. It is likely, since maturation did not appear to be slow in 2000, that the
population saw increased mortality and lack of recruitment to either the juvenile and/or
adult stages.

Ovoviviparity of adult females reached a peak of only 4.2 % on 15 June. The
percent of ovoviviparous females decreased to 1.3 % in July and remained <1% for the
remainder of the year (Fig. 24, Table 11c). The peak in 2000 was lower than the range .
observed during 1990-99 (8-70 %). |

Mean female length ranged from 10.5 to 11.6 mm in 2000 (Table 12). The '
maximum length was higher than the range of maxima from 1996-99 (10.3 to 10.7 mm),
but at the low end of the range of maxima during the period 1987-95 (11.6 to 13.7 mm).
The mean female length decreased from 11.2 mm in May to 10.5 mm in June, indicating
juveﬂile recruitment into the adult stage. Mean female length increased to the annual
maximum (11.6 mm) in September. Shorter lengths of fecund females during the

summers of 1996-99 reflect lower ambient algal concentrations. The large females
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observed in September most likely reflects increased chlorophyll a concentrations (3.4 pg
I'') compared to recent years (1.4 pg 1" in 1999, 1.2 ug I"' in 1998) (Table 8).

Mean brood size of ovigerous females in June 2000, when the first generation of
Artemia matured, was 68 eggs brood™'. Maximum brood size occurred in May (110 eggs
brood™), with similarly large broods produced in October (96 eggs brood™") (Table 12).
Large brood sizes in May and June led to high naupliar abundances early in the season
(Table 9a, Fié. 22). Both maximum and June brood sizes in 2000 were higher than the
maximum brood sizés in 1999 (48 eggs brood'1) and 1998 (50 eggs brood™), both
occurring in June. During the meromictic years 1984-1988 and 1995-2000, as well as
1991-92 and 1994, early summer brood sizés were moderate (20470 eggs brood™'). Peak
brood size in 1984-1988 and 1991-1994 occurred in October or November. From 1997-
1999 the peak occurred in June, and in 1996 it occurred in May. Differences in brood
size are largely related to algal abundance and individual size. Larger brood sizes in
2000 are therefore expecvted given the observed larger individuals and more algal
biomass.

Artemia Summary Statistics, 1979-2000

Year to year variation in climate, hydrological conditions, vertical stratification,
food availability, and p(:;ssibly salinity have led to large differences in Artemia dynamics.
During years when the first generation was small due to reduced hatching, high fnortality,
.or delayed development, (1981, 1982, and 1989) the second generation peak of adults
was 2-3 times the long term average (Fig. 25). Seasonal peak abundances were also
significantly higher (1.5-2 times the mean) in 1987 and 1988 as the 1980s episode of
meromixis weakened and nutrients that had accumulated beneath the chemocline were

transported upward. However, in most years the seasonal peaks of adult abundance were
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similar (30—40,000 m™) and the seasonal (1 May to November 30) mean of adult
abundance is remarkably constant (14—20,000 m'z). However, adult Artemia abundance
is anomalously low during 2000. All three statistics (peak, 22,400 m'; mean, 10,600 m™;
and median, 9080 m™) are only half the long-term (1979-99) averages (peak, 45,800 m™;
mean, 20,400 m'z; and median, 19,600 m'z).

During most years, the seasonal distribution of adult abundance was roughly
normal or lognormal. | However, in several years the seasonal abundance was not
described well by either of these distributions. Therefore, the abundance-weighted
centroid of temporal occurrence was calculated to compare overall seasonal shifts in the
timing of adult abundance. The center of the temporal distribution of adults varied from
day 205 (24 July) to 230 (18 August) in the 23 years from 1979 to 2000 (Fig. 26).
During five years when there was a small spring hatch (1980-83, and 1989) the overall
temporal distribution of adults was much later (24 August — 9 September) and during

I*! generation shifted the seasonal temporal distribution much

1986 an unusually large
earlier to 9 July. During 2000, the overall temporal distribution of adults was two weeks
earlier (29 June) than the long-term mean (11 August).

Long-term integrative measure of productivity

Planktonic primary production

Daily estimates of primary production in 2000 ranged from 0.3t02.9 g C m>d’.
This daily range is higher than observed during 199698, but within the previously
reported range including monomictic periods (Figure 27) (Jellison and Melack 1988,

1993a; Jellison et al. 1994, Jellison et al. 1995b, Jellison et al. 19964, Jellison et al.

1997). The estimated total annual production of 484 g C m™ yr’' in 2000 represents a
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63% increase over the 1999 estimate of 297 g C m yr'l and continues the upward trend
from the low value estimated in 1997 (149 g C m> yr']): The 2000 estimated planktonic
primary produ'ction is nearly identical to the long-term (1982-99) mean of 467 g C m”

yr'1 and similar to the mean annual production (508 g C m™ yr']) during the last
monomiétic period from 1990-94. Thus, while meromixis persists in 2000, the
combined effects of declining lake levels, the reduced proportion of the lake beneath the
chemocline,and increased upward fluxes of ammonium due to the large buildup of
monimolimnetic ammonium have offset the effect of the absence of winter holomixis. It
is not clear to what extent each of these factors is responsible and continuing meromixis
may still reduce the availability of nutrients during periods of rising lake levels.

There are no comparable long-term studies of algal production in other large,
deep hypersaline lakes. The annual estimates of planktonic photosynthesis found in this
study (149-1063 g C m2yr'!) are. génerally higher than other hypersaline lakes in the
Great Basin: Great Salt Lake (southern basin), 145 g C m2 yr'! (Stephens and Gillespie
1976); Soap Lake, 391 gC m? yr'' (Walker 1975); and Big Soda, 500 gC m2 yr' (350 g
C m2 yr'! phototrophic production) (Cloemn et al. 1983).

Artemia biomass and egg production

Artemia biomass was estimated from instar-specific population data and
previously derived weight-length relationships for the period 1982-99. Variation in
weight-length relationships among sampling dates was assessed from 1996-99 and found
to lead to errors of up to 20% in the annual estimates. Thus, in 2000 we implemented
direct drying and weighing of vertical net tow samples collected explicitly for biomass

determinations.
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In 2000, Artemia biomass increased from ca. 0.5 g dry weight m™ during the
February and March surveys to 30.3 g dry weight m? in mid-August before declining to
near zero (0.05 g dry weight m?) in early December.(Fig. 28). The 2000 mean annual
biomass of 8.2 g m?is 12% below the long-term mean of 9.7 g m?and slightly less than
calculated in 1999 (8.9 gvm'z). The generally lower numbers of adult Arfemia observed
in 2000 were partially offset by a slightly larger size of individuals that presumably
resulted from higher food availability. The highest estimated mean annual Artemia
biomass (17.6 g m2) occurred in 1989 just after the breakdown of meromixis during a
period of elevated phytoplankton nutrients (ammonium) and phytoplankton. Mean
annual biomass was somewhat below the long-term mean during the first 3 years of the
1980s episode of meromixis and then above the mean duriné the next 3 years as
meromixis weakened and ended. Except for lower values in 1997, Artemia biomass has
remained relatively constant since 1993 and was only slightly higher during 1990-92.

In Mono Lake, oviparous (cyst) reproduction is always much higher than
ovoviviparous (live-bearing) reproduction (Fig. 29). Despite lower numbers of adults
during 2000 compared to 1999, increased individual‘ fecundity; resulting from larger size
and higher food availability, resulted in a total annual cyst production similar to 1999
(4.03 x 10° m™ in 2000 versus of 4.17 x 10° m®in 1999). The 2000 total annual cyst
production was 16% below the long-term (1983-99) mean of 4.77 x 10° m? and well
above the lowest value observed in 1997 (2.54 x 10° m?). In general, cyst production
was lower during years following the onset of meromixis and higher during the

breakdown of meromixis and during monomictic periods.
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. Table 1. Temperature at Station 6, 2000 (°C)

Dates

Depth (m) 2-24 3-16 46-19 5-20 6-15 7-17 8-15 9-14 10-16 12-5
1 3.32 6.91 8.76 13.04 18.41 19.66 20.49 17.35 14.62 6.11
2 3.25 6.59 - 8.62 - 13.07 19.30 19.60 20.45 17.28 14.58 6.13
3 3.19  6.10 8.69 12.48 18.21 19.77 20.45 17.26 14.58 6.16
4 3.17 5.41 8.57 11.99 18.16 19.89 20.44 17.44 14.63 6.20
5 3.20  5.44 8.59 11.57 17.88 19.90 20.46  17.44 14.67 6.29
6 3.22 5.16 - 8.61 11.50 17.39 19.79 20.44 17.37 14.68 6.30
7 3.27 4.76 8.65 11.11 17.02 19.40 20.44 17.28 14.75 6.26
8 3.33 4.48 8.74 10.80 16.34 19.13 20.44 17.21 14.85 6.26
9 3.35 4.17 8.36 10.55 15.46 18.71 20.44 17.10 14.85 6.27
10 3.40 4.01 1.75 10.31 14.07 18.29 20.37 16.95 14.77 6.28
11 3.43 3.92 7.05 10.21 13.19 17.56 19.96 16.88 - 14.71 6.27
12 3.43 3.86 6.00 10.23 11.97 13.26 18.98 16.29 14.77 6.28
13 3.43 3.80 5.17 10.21 10.99 11.85 17.39 15.56 14.82 6.26
14 3.42 3.66 4.77 9.57 9.86 10.71 12.39 15.06 14.79 6.28
15 3.42 3.60 4.55 8.34 8.95 9.83 10.06 14.13 14.78 6.32
16 3.43 3.52 4.34 7.38 8.25 9.08 9.23 12.48 14.76 6.38
17 3.49 3.50 4.20 6.85 7.45 8.02 8.18 9.87 16.42 6.38
18 3.48 3.52 4.15 6.29 6.92 7.42 7.58 8.64 12.60 6.38
19 3.51 3.52 4.08 5.66 6.24 6.93 7.07 7.86 9.72 6.38
20 3.51 3.53 4,05 5.20 5.89 6.34 6.60 7.10 7.67 6.36
21 3.51 3.55 4.00 4.92 5.65 5.95 6.15 6.74 7.04 6.34
22 3.57 3.66 4.04 4.80 5.41 5.78 5.85 6.21 6.39 6.34
23 4.27 4.1 4,17 4.56 5.01 5.49 5.45 5.75 5.94 6.33
24 4.89 4.65 4,53 4.57 4.78 5.02 5.14 5.25 5.39 5.70
25 5.12 4.94 4.83 4.81 4.76 4.93 5.03 5.08 5.18 5.27
26 5.10 5.05 4.99 4,92 4.85 4.87 4.94 5.02 5.10 5.12
27 5.08 5.05 5.03 4.94 4.89 4.90 4.9 5.00 5.03 5.05
28 5.04 5.03 5.03 4.94 4.91 4.92 4.93 4.98 4.98 5.02
29 5.02 5.01 5.02 4.95 4.93 4.92 4.93 4.98 4.98 4.98
30 5.00 5.00 5.01 4.95 4.94 4.94 4.93 4.97 4.97 4.96
3 4.98 4.98 5.00 4.96 4.95 4.94 4.94 4.99 4.96 4.95
32 4.97 4.97 4.99 4.99 4.97 4.95 4.94 4.97 4.97 4.95
33 4,97 4$.96 4.98 4.98 4.97 4.95 4.94 4.96 4.97 4.95
3% 4.96 4.96 4.97 4.97 4.98 4.96 4.94 4.95 4.95 4.95
35 4.96 4.95 4.98 4.97 4.97 4.97 4.95 4.95 4.97 4.94
36 4.95 4.94 4.98 4.98 4.97 4.97 4.95 4.95 4.95 4.94

54



‘Table 2. Conductivity (mS/cm at 25°C) at Station 6, 2000

Dates .
Depth (m) 2-24 3-16 4-19 5-20 6-15 7-17 8-15 9-14 10-16 12-5

1 78.06 78.02 78.14 78.44 77.44 77.96 78.87 79.18 79.53 80.12
2 78.31 78.16 78.33 78.64 7.7 78.12 78.87 79.17 79.55 80.08
3 78.39  78.33 78.40 78.67 78.31 78.27 78.87 79.17 79.59 80.08
4 78.38 78.46 78.41 78.68 78.48 78.41 78.87 79.23 79.63 80.08
5 78.40 78.56 - 78.44 78.75 78.55 78.43 78.86 79.42 79.63 80.14
6 78.43  78.57  78.44 78.78 78.63 78.41 78.86 79.44 79.62 80.23
7 78.42 78.55 78.46 78.7 78.64 78.42 78.87 79.49 79.72 80.23
8 78.44 78.58 78.50 78.69 78.55 78.38 78.87 79.49 79.72 80.25
9 78.47 78.61 78.47 78.69 78.52 78.31 78.87 79.55 79.69 80.25
10 78.47 78.62 78.41 78.67 78.45 78.30 78.85 79.52 79.64 80.25
" 78.50 78.62 78.43 78.67 78.48 78.22 78.89 79.52 79.72 80.26
12 78.55 78.62 78.51 78.7 78.59 78.19 78.87 79.34 79.81 80.26
13 78.61 78.62 78.60 78.74 78.66 78.31 78.90 79.30 79.82 80.26
14 78.63 78.62 78.65 78.68 78.74 78.41 78.49 79.23 79.81 80.25
15 78.64 78.65 78.73 78.59 78.85 78.59 78.68 79.43 79.82 80.27
16 78.67 78.69 78.74 78.62 78.85 78.64 78.74 79.37 79.80 80.29
17 78.72 78.71 78.76 78.72 78.99 78.57 78.58 79.35 79.25 80.30
18 78.74 78.73 78.81 78.79 79.17 79.03 78.64 79.12 78.02 80.30
19 78.80 78.75 78.81 78.94 79.27 79.27 78.81 79.25 78.62 80.31

78.86 78.78 78.85 79.15 79.43 79.47 78.94 79.69 79.42 80.32
78.90 78.84 79.02 79.50 79.61 80.00 79.36 80.14 79.99 80.36
80.96 80.56 80.47 80.25 79.97 80.29 79.91 80.50 80.63 80.39

nNonN
N - O

N
W

85.17 85.15 84.13 83.27 82.83 81.97 82.06 82.01 82.76 82.96
24 86.09 86.13 85.83 85.91 85.68 85.45 85.03 85.51 85.17 85.41
25 86.30 86.47 86.25 86.47 86.30 85.89 85.60 85.99 85.84 86.12
26 86.52 86.74 86.51 86.64 86.59 86.28 85.95 86.30 86.12 86.45
27 86.69 86.89 86.70 86.78 86.72 86.53 86.11 86.38 86.27 86.58
28 86.80 87.01 86.82 86.89 86.80 86.63 86.28 86.45 86.41 86.67
29 86.87 87.10 86.90 86.97 86.89 86.69 86.36 86.48 86.48 86.76
30 86.93 87.16 86.96  87.11 86.95 86.75 86.44 86.53 86.52 86.81
3 86.98 87.21 87.02 87.11 87.01 86.78 86.49 86.54 86.58 86.85
32 87.02 87.25 87.08 87.13 87.06 86.81 86.53 86.60 86.60 86.88
33 87.05 87.27 87.13 87.13 87.11 86.84 86.58 86.65 86.64 86.88
34 87.08 87.29 87.15 87.19 87.15 86.86 86.61 86.67 86.67 86.89
35 87.10 87.31 87.15 87.21 87.18 86.87 86.64 86.69 86.67 86.91
36 - - - - - 86.88 86.68 86.71 86.70 86.92
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‘Table 3. Density (g/em3) at Station 6, 2000

Dates

Depth (m) 2-24 3-16 46-19 5-20 6-15 7-17 8-15 9-14 10-16 12-5
1 1.0670 1.0664 1.0662 1.0656 1.0629 1.0631 1.0638 1.0652 1.0664 1.0690
2 1.0673 1.0666 1.0665 1.0658 1.0630 1.0633 1.0638 1.0652 1.0664 1.0689
3 1.0674 ~1.0669  1.0665 1.0660 1.0640 1.0634 1.0638 1.0652  1.0665 1.0689
4 1.06764 1.0672 1.0666 1.0661 1.0642 1.0635 1.0638 1.0652 1.0665 1.0489
5 1.0674 1.0673 1.0666 1.0663 1.0643 1.0635 1.0638 1.0654 1.0665 1.0690
6 1.0675 1.0673 .1.0666 1.0664 1.0646 1.0635 1.0638 1.0655 1.0665 1.0691
7 1.0675 1.0674 1.0666 1.0664 1.0647 1.0637 1.0638 1.0656 1.0666 1.0691
8 1.0675 1.0675 1.0666 1.0664 1.0648 1.0637 1.0638 1.0656 1.0666 1.0691
9 1.0675 1.0675 1.0667 1.0665 1.0650 1.0638 1.0638 1.0657 1.0665 1.0691
10 1.0675 1.0676 1.0667 1.0665 1.0653 1.0639 1.0638 1.0657 1.0665 1.0691
N 1.0675 1.0676 1.0669 1.0665 1.0656 1.0641 1.0640 1.0657 1.0666 1.0691
12 1.0676 1.0676 1.0671 1.0666 1.0660 1.0652 1.0643 1.0657 1.0667 1.0691
13 1.0676 1.0676 1.0674 1.0666 1.0663 1.0657 1.0649 1.0659 1.0667 1.0691
14 1.0677 1.0676 1.0675 1.0667 1.0667 1.0661 1.0658 1.0659 1.0667 1.0691
15 1.0677 1.0677 1.0676 1.0668 1.0670 1.0665 1.0665 1.0664 1.0667 1.0691
16 1.0677 1.0677 1.0677 1.0670 1.0671 1.0667 1.0668 1.0668 1.0667 1.0691
17 1.0678 1.0678 1.0677 1.0672 1.0674 1.0668 1.0668 C1.0674 1.0661  1.0691
18 1.0678 1.0678 1.0678 1.0674 1.0677 1.0675 1.0670 1.0674 1.0652 1.0691
19 1.0679 1.0678 1.0678 1.0677 1.0680 1.0679 1.0673 1.0677 1.0666 1.0692
20 1.0679 1.0678 1.0678 1.0680 1.0682 1.0682 1.0675 1.0683 1.0679 1.0692
21 1.0680 1.0679 1.0680 1.0685 1.0685 1.0689 1.0681 1.0689 1.0687 1.0692
22 1.0704 1.0699 1.0697 1.0693 -1.0689 1.0692 1.0688 1.06%  1.0695 1.0693
23 1.0753  1.0752 1.0740 1.0729 1.0723 1.0712 1.0714 1.0713 1.0721 1.0723
24 1.0763 1.0763 1.0750 1.0761 1.0758 1.0755 1.