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1. INTRODUCTION

Pursuant to State Water Resources Control Board (SWRCB) Order No. 98-05 and 98-07
(Orders), the 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

110191 and 10192. In particular, the Orders state that LADWP is to undertake activities to

restore and monitor the fisheries, stream channels, and waterfowl habitat. This summary
provides an overview of all of the activities LADWP and its consultants completed during

Runoff Year (RY) 1999 for compliance. The summary also provides a list of planned
work/activities for RY 2000.

Runoff Year 1999 was the first full field season after the adoption of the Orders. As such,
LADWP has initiated 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, hiring consultants,
scheduling field crews and other resources, coordinating with other agencies, preparing
environmental documents, and obtaining permits and approvals. Even though there was
much work to do and learn, LADWP was able to complete the required work/activities for
compliance. The following details the work/activities undertaken:
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2. WORK PERFORMED DURING RUNOFF YEAR 1999
2.1 Restoration Activities

| 2.1.1 Streams

In 1999, LADWP undertook and cbmpleted several stream restoration treatments that were
outlined in the. Mono Basin Stream and Stream Channel Restoration Plan (1996). The
measures included:

e Placed large woody debris (LWD) in Rush and Lee Vining Creeks;
e Opened two overflow channels on Reach 3A of Rush Creek;
e Rewatered the former main channel of Rush Creek in Reach 3B;
¢ Closed several roads into the riparian areas of both Rush and Lee Vining creeks;
e Studied and planned the revegetation of Walker and Parker creeks;

e Coordinated and consulted with the Mono Lake Committee (MLC) for planting
Jeffrey pines on lower Lee Vining Creek; and '

e Coordinated and consulted with Caltrans on the restoration of the “Parker Plug”.

e Met with Caltrans to discuss the culvert replacement project on Walker and Parker
creeks at Highway 395;

e Commissioned a sediment bypass study on Lee Vining, Walker and Parker creeks;

e Met and consulted with the Department of Fish and Game on the necessity of
installing fish screens;

e Continued with the grazing moratorium;
o Continued no irrigation policy;
e Continued efforts to rehabilitate the Rush Creek Return Ditch;

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

o Removed gravel bags from Lee Vining Creek;

o Started construction of a Web Page to display Mono Basin hydrology data.

Large Woody Debris: Site selection for Large Woody Debris (LWD) placement took place
between May and October 1999. Each of the sections of both Rush and Lee Vining creeks
were walked to identify areas of the stream that would benefit from either increased channel
roughness or where habitat complexity could be increased. In addition to these efforts, Brian
Tillemans contacted Bill Trush for his input as to where LWD should be placed. During the
placement effort, Dr. Trush or one of his associates placed markers along the stream banks in
the A4 complex to indicate where LWD should be placed. The majority (approximately 90
pieces) of the LWD was placed by helicopter to avoid disturbing the riparian zone and stream
channel. (See Figures 1 and 2) The remainder of the LWD exceeded the lifting capacity of
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Figure 1: Large woody debris being placed by LADWP helicopter in to Rush Creek. LWD
placement was supervised by Brian Tillemans from the ground using a two-way radio to
communicate with the pilot.

Figure 2: LWD after being placed in Rush Creek. The LWD is located about 200 yards
above Highway 395.

1999 Mono Basin Restoration and Monitoring 3 Los Angeles Department of Water and Power



the helicopter and had to be placed using a backhoe. Extreme caution was used to minimize
disturbance within the floodplain.

Channel Rewatering (34). Entrances of the two overflow channels in reach 3A of Rush
Creek that were to be re-opened were visited several times in 1999 to gain an idea of what
the area looked like at various stream discharges. Additionally, Steve McBain and David
Martin of LADWP met on site with Scott McBain of McBain and Trush to discuss these
restoration efforts. At this meeting, the original elevation of the channel openings and the
best section of berm to be removed were identified. The section of the berms, identified for
removal was located at an area on the bend that minimizes the likelihood that the newly
opened channels would capture and divert the stream from its current channel. A large
section of the berm was also left in place to protect the bank. Once an approach was decided
upon, Dr. Martin and Steve McBain met with LADWP’s construction forces to plan how
these channels should be constructed. Scott McBain and Dr. Martin were present when the
work was conducted to ensure that the work was performed as planned. (See Figures 3, 4, 5,
and 6)

Channel Rewatering (3B): Planning for re-opening the former main channel in Reach 3B
was conducted concurrently with the overflow channel work described in the previous
section. Prior to the start of construction, Dr. Martin and Steve McBain met with Scott
McBain in the field to discuss the construction plans. Mr. Tillemans and Dr. Martin were
present in the field to oversee the construction work to ensure that it was performed as
planned. (See Figures 7 and 8)

Road Closures: Site locations were identified in October at the conclusion of restoration
activities. Road closures were placed at the interface of the upland vegetation and the
riparian area. Locations for closure were selected so that adequate room was available for
either parking or turning around and to decrease the likelihood that that the closure could be
circumvented. Road closures are ongoing and will be completed in areas along the creeks
where vehicle/equipment access is no longer necessary. On Rush Creek, all required road
closures above Highway 395 and one below were completed. On Lee Vining Creek, the only
required closure was completed. (See Figures 9 and 10)

Revegetation for Walker and Parker Creeks: Planning for revegetation of Walker and Parker
creeks began in the fall of 1999 with a site visit by Mr. Tillemans, Boone Kaufman, and Bill
Platts. Preliminary indications were that substantial natural recruitment of willows was
occurring. A follow up field visit conducted in early March by Dr. Martin and Paula
Hubbard confirmed that considerable recolonization was occurring on both creeks. John
Bear and Dr. Trush indicated in discussions that they had also observed considerable
recolonization on the creeks. They indicated that no transplanting of willow cuttings would
be necessary. '

Revegetation on Rush and Lee Vining Creek: Mr. Tillemans met with the Mono Lake
Committee to discuss planting Jeffrey and Lodgepole pines in the floodplain of Lee Vining
Creek. After consultation, it was agreed that the planting effort would concentrate on Reach
4A of Lee Vining Creek — the reach immediately below County Road. On May 26 and June
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Figure 3: Brian Tillemans and Scott McBain are surveying the berm in the upper channel of
Reach 3A of Rush Creek to determine the best location and approach to opening the
overflow channel. Rush Creek is on the left side of the berm.
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Figure 4. Upper channel of Reach 3A looking across Rush Creek after LADWP construction
crews completed the removal of berm material down to the original floodplain
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3A.

Figure 6: LADWP’s backhoe removing a portion of the berm in the lower overflow channel

in Reach 3A. Not shown in the photograph is Brian Tillemans supervising the work. The
removal of material was completed similar to the upper berm.
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Figure 7. Rewatered channel in Reach 3B of Rush Creek looking upstream. The photo was
taken approximately four months (February) after the rewatering. The location is
approximately 200 yards from the entrance.

Figure 8: Another view of the 3B channel taken from a different site looking upstream.
Located in the center of the photograph is large woody debris placed by LADWP
construction crews.

1999 Mono Basin Restoration and Monitoring 7 Los Angeles Department of Water and Power



LADWP e
RUSH CREEK ACCESS ROADS Y/

Couny Rued BE AT THE INTDRFACE BETWEEN UPLAND ‘

Figure 9: Location of Rush Creek road closures.
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LADWP
LEE VINING CREEK ACCESS ROADS ™
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Figure 10: Location of Lee Vining Creek road closure.
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7, 1999, the Mono Lake Committee planted 173 pine seedlings along Lee Vining Creek west
of the main channel. Seedlings consisted of 104 Jeffrey Pine and 69 Lodgepole Pine. Mr.
Tillemans chose the general location and Greg Reis (MLC) picked the specific spots.
Volunteers, a class from Lee Vining Elementary School, and MLC staff planted the trees.
The seedlings were donated by the USFS, grown at the Placerville nursery from seed
collected locally (between Mammoth and Mono Lake). Jeffrey Pine were 2-year-old bare-
root stock, Lodgepole were 3-year-old bare-root stock. (See Figure 11)

Parker Creek “Plug”: Mr. Tillemans consulted with David Grah of Caltrans to develop the
reclamation and restoration plan for the “Parker Plug”. In particular, Mr. Tillemans reviewed
and commented on Caltrans’ SMARA reclamation plan focusing on reestablishment and
monitoring of the riparian and floodplain vegetation. As part of Mr. Tillemans review, Dr.
Trush was consulted. Grading of the site was completed in October 1999. (See Figures 12 -
and 13) LADWP staff also met with Caltrans’ consultant, K and H Construction, to identify
offsite areas for sources of willow and cottonwoods that could be used for planting. Sites
were identified and cuttings were collected during the last week in March and planted during
the first week of April. A field survey will be performed by LADWP’s biologist this field
season, .

Culverts. LADWP staff met with Caltrans in June 1999 and obtained a set of construction
drawings for their proposed project to widen Highway 395. In earlier communications with
Caltrans, LADWP provided hydrologic records for Rush, Lee Vining, Walker and Parker
creeks. The information was used to design the capacity of the culverts. Copies of the
drawings were forwarded to Dr. Trush for his review.

Sediment Bypass Study: In March 1999, LADWP hired R2 Resource Consultants Inc. (R2)
to analyze and design sediment bypass systems capable of bypassing sediment on a year
round basis for LADWP’s diversion structures on Walker Creek, Parker Creek, and Lee
Vining Creek. The experts were also instructed to evaluate fish passage and the feasibility of
rewatering Parker Creek and Walker Creek distributaries. R2 performed the conceptual
analysis and design and prepared a report with recommendations. The report was completed
in February and forwarded to the SWRCB. Copies of the report were also distributed to the
parties.

Feasibility of Installing Fish Screens: LADWP and staff from DFG’s Bishop office met on
January 26, 2000 to discuss, among other things, the necessity of installing fish screens in the
Mono Basin. At the end of the discussions, DFG concluded that fish screens are not
necessary given LADWP’s current operations and management practices in the Mono Basin.
DFG however, reserved the right to require fish screens on irrigation diversions on Walker
and Parker creeks below the Lee Vining Conduit if irrigation is to resume.

Grazing Moratorium: There was no grazing during RY 1999 on the floodplain 4 streams
below the Lee Vining Conduit. The grazing moratorium is still in effect. '

Irrigation Practices: No diversions occurred during the peak runoff period from Parker
Creek for irrigation purposes. No irrigation occurred below the conduit.
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LADWP
LEE VINING CREEK 1999 REVEGETATION
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Figure 11: Location of Jeffery Pine revegetation site on lower Lee Vining Creek.

1999 Mono Basin Restoration and Monitoring 11 Los Angeles Department of Water and Power



Figure 12: “Parker Plug” D8 Caterpillar grading the overburden from Caltrans’ sand and
gravel borrow pit.

Figure 13: Construction equipment removing overburden from the Parker Creek floodplain.
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Rehabilitation of Rush Creek Return Ditch: Compliance with the California Environmental
Quality Act (CEQA) and engineering and design was completed in 1998 ahead -of the
schedule shown in LADWP’s plan. During 1999, LADWP met with DFG to address
permitting issues. The permitting discussions are ongoing.

Base Flows and Stream Restoration Flows: During RY 1999, 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 when the peak occurred. The peak that occurred was 222 cfs. Exports from the
basin began on July 20 after the peak had passed and continued until March 31, 2000. The
rate of export ranged from 22 cfs to 40 cfs and the total export was 15,930 acre-feet.

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

Web Page: Construction began on LADWP’s Web Page to display Mono Basin hydrologic
data. LADWP contracted with Beavins Systems and Psomas to assist LADWP in
constructing the Web site.

2.1.2 Waterfowl

In 1999, LADWP initiated its waterfow! habitat restoration program. The following is a
summary of activities and changes:

e Monitored Mono Laké elevation;
. 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 1999 ranged from 6,384.1 to
6,385.1 msl.  On April 1, 1999 the elevation was 6,384.8 and on March 31, 2000 the
elevation was 6,384.5 msl. The average surface area during 1999, 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/I. Salinity
levels measured by UC Santa Barbara differed from the average in that the salinity levels are
measured at several elevations and the lake is currently meromictic.

Prescribed burn program: During 1999, LADWP began development of its prescribed burn
program for the Mono Basin. It involved identifying a suitable site for implementing the
burn, developing a vegetation management plan, establishing transects, and taking inventory.
The northern section of Warm Springs was selected and a burn is has been planned for early
2001. The California Department of Forestry has agreed to participate. Transects have been
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established and a vegetation inventory completed. A waterfowl survey was also conducted to
document use and to establish baseline data.

Vegetation transects. Vegetation transects were established at Simon Spring, Warm Spring,
DeChambeau Embayment, and the deltas of Rush and Lee Vining creeks. Base line data was
collected and summarized in a report entitled “1999 Mono Lake Vegetation”. The report can
be found as an Appendix to the 1999 Waterfowl Habitat Restoration and Monitoring report.

- 2.2. Monitoring
2.2.1 Stream Channel

Contract and Scope of Work: In March 1999, LADWP contracted with Dr. Trush (McBain
and Trush) to perform the stream channel monitoring program to monitor Rush, Lee Vining,
Walker, and Parker creeks. A Scope of Work was developed to comply with the
requirements of SWRCB Order No 98-07.

Monitoring and Reporting: McBain and Trush continued their monitoring program
developed in RY 1997 and 1998 following the White and Blue book principles. There were
three new planmap sites developed in 1999 — lower Rush Creek between the Ford crossing
and County Road; Walker Creek between Highway 395 and the Lee Vining conduit; and
Parker Creek between Highway 395 and the Lee Vining conduit. All planmap sites have
been established per the White and Blue books. 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 was
prepared detailing the monitoring activities and requirements. The report is included in
Section 4 of Compliance Reporting. '

Reporting: A report entitled “Monitoring Summary for WY 1997 and WY1998 for Rush
Creek and Lee Vining Creek” was forwarded to the SWRCB in May 1999 describing the
proposed operations and restoration and monitoring activities for 1999 and included a
summary of the 1997 and 1998 stream monitoring. In addition, the report included
recommendations for changes to the monitoring program, annual operations plan, and
proposed stream restoration. (Note: The report title identifies the monitoring period as WY
1997 and WY 1998, although it covers the April to March period. 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 March 1999, LADWP contracted with Chris Hunter to
perform fish population surveys on monitor Rush, Lee Vining, Walker, and Parker creeks. A
Scope of Work was developed to comply 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. In addition to surveying the 4

1999 Mono Basin Restoration and Monitoring 14 Los Angeles Department of Water and Power



planmap sites on Rush and Lee Vining creeks, Mr. Hunter also surveyed the 3 new planmap
sites described above in the Stream Channel section. A report has been prepared detailing
the fish population surveys and monitoring requirements.

Reporting: A summary of the fish population surveys and protocol were included in the
report entitled “Monitoring Summary for WY 1997 and WY1998 for Rush Creek and Lee
Vining Creek”. ‘ '

2.2.3 Waterfowl

Contract and Scope of Work: In March 1999, LADWP hired David Chapin of R2 Resource
Consultants Inc. and Don Paul to oversee the waterfowl restoration and monitoring program.
A Scope of Work was developed to comply with the requirements of SWRCB Order Nos.
98-05. ‘

Oversight of the Monitoring Program: During 1999, Dr. Chapin and Mr. Paul met with the
researchers responsible for collecting data in the Mono Basin. Most of the meetings were in
the field and included, in some cases, observing and/or participating with the researchers in
collecting data. Dr. Chapin and Mr. Paul also had many phone conversations with the
researchers. In addition, they reviewed historical data and reports.

Monitoring in the Mono Basin: ‘During 1999, LADWP renewed the Mono Basin monitoring
contracts with the following consultants to collect 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

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

LADWP also contracted with I. K. Curtis Inc. and AirPhoto USA to provide aerial
photography services to produce GIS compatible aerial photograph of the Mono Basin with a
scale of 1:3,600 or 1 inch = 300 feet.

In addition, LADWP personnel collected hydrology data for the four streams and Mono
Lake, performed a spring survey around the lake, and collected vegetation data in the lake
fringing wetlands and stream deltas.

2.3. Informational Meetings

The LADWP sponsored two meetings during 1999 to provide an opportunity the experts and
interested persons to present and discuss restoration and monitoring activities, hydrology and
other issues related to the Mono Basin. The first was a two-day meeting held on April 19"
and 20" in Sacramento and in the Mono Basin, respectively. The second meeting was held
on November 16" in Sacramento.
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April Meeting: This meeting provided an opportunity for the stream monitoring experts to
present their 1997-98 monitoring activities and discuss their proposed 1999 scope of work.
The meeting also provided an opportunity to introduce Mike Ramey, Dudley Reiser, and Dr.
Chapin of R2 Resource Consultants Inc. and Mr. Paul. In addition, the 1999 runoff forecast
was discussed.

Attendees in addition to LADWP personnel included the following: Experts — Dr. Trush,
Mr. Hunter, Mr. Ramey, Dr. Reiser, Dr. Chapin, and Mr. Paul. Interested persons — Heidi
Hopkins (MLC), Peter Vorster (MLC), Gary Smith (DFG), and Roger Porter (USFS).

November Meeting: This meeting provided an opportunity for the stream monitoring experts,
waterfowl experts overseeing the waterfow! habitat monitoring program, and experts
studying sediment bypass to present and discuss their 1999 activities. The meeting also
provided an opportunity to provide an overview of the runoff recap for 1999.

Attendees in addition to LADWP personnel included the following: Experts — Dr. Trush,
Mr. Hunter, Mr. Ramey, Dr. Reiser, Dr. Chapin, and Mr. Paul. Interested persons —
Ms. Hopkins (MLC), Mr. Vorster (MLC), Mr. Reis (MLC), Mr. Smith (DFG), Jim
Edmondson via conference call (CalTrout), and Jim Canaday (SWRCB).
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3. ACTIVITIES PLANNED FOR RUNOFF YEAR 2000

3.1 Restoration
3.1.1 Streams

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

Channel Rewatering: In Reach 3D plans will be developed to restore the abandoned east
side channel as the new main channel. No additional channel rewatering is contemplated for
Rush Creek until 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 Comnmittee.

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 are still needs to bring in equipment to some of the restoration sites.

Bags of Spawning Gravel: LADWP will distribute bags of gravel into Lee Vining Creek
from the bags located immediately upstream of the old diversion dam. '

Coordinate with Caltrans: LADWP will continue monitoring Caltrans progress on the
installation of new culverts during the highway widening project, and the “Parker Plug” 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.

Web Page: Work continues on the development of the Web Page with the anticipation of
having the site completed in RY 2000.

Sediment Bypass: LADWP will advise the Chief of the Division of Water Rights SWRCB
by July 1%, 2000 which sediment passage it will construct.

3.1.2 Waterfowl

Prescribed Burn Program: In 1999, LADWP initiated a monitoring program to collect data
for a control burn in the Warm Springs area. Transects were established and vegetation and
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wildlife was documented. This season LADWP will continue to monitor the site with plans
to burn in January 2001.

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. LADWP is currently processing an amendment to their contract, which would allow
McBain and Trush to continue their work in the Mono Basin for three more years.

3.2.2 Fishery

Mr. Hunter will continue the fish population monitoring program on Rush, Lee Vining,
Walker, and Parker creeks. LADWP is currently processing an amendment to Mr. Hunter’s
contract, which would allow Mr. Hunter to continue his work in the Mono Basin for three
more years.

3.3.3 Waterfowl

Expert: Due to contractual issues, LADWP had to terminate contracts with Dr. Chapin and
Mr. Paul. LADWP will be selecting a new expert(s) to oversee the waterfowl-monitoring

program.

Limnology: LADWRP is currently processing an amendment to UC Santa Barbara contract to
allow Dr. Jellison and Dr. Melack to continue limnological monitoring in the Mono Basm for
another three years.

Waterfowl Population Surveys: LADWP is currently processing an amendment to Hubbs-
Sea World Institute contract to allow Dr: Jehl to continue waterfowl population surveys in
the Mono Basin for another three years.

Aerial photography: LADWP is currently processing an Agreement with I. K. Curtis Inc., to
provide 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.
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3.3. Informational Meetings

Semi-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 April 27, 2000.
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Mono Basin Operations for Runoff Year 2000-2001 - Preliminary

The April 1, 2000 Mono Basin forecast for the runoff' 2000-01 Runoff Year is 115,000
acre-feet or 94% of normal®. This year is a “normal” year, as defined by the State Water
Resources Control Board (SWRCB) Order No. 98-05year-type designations. The
Operation Plan based on the April 1¥ forecast is preliminary. The operations plan will be
finalized once the May 1* forecast has been calculated. Unless there is a substantial
difference, the Los Angeles Department of Water .and Power (Department) will not
submit a revised operations plan.

To meet the flow requirements of the SWRCB Order No. 98-05, the Department intends
to follow “Planning Guideline D” (attached). Since the Mono Gate Return Ditch has not
yet been rehabilitated to its design capacity of approximately 380 cfs, the Department
will operate Grant Lake as flow-through with the intent of allowing the impaired peak
flows to pass downstream of Grant Lake unimpeded. The Department will commence
export operations from the basin after the peak flows in Rush Creek have occurred. This
should ensure Grant Lake will be full and spilling when peak flows are occurring. The
Department anticipates exporting its full entitlement at a constant rate after peak flows
have passed.

A copy of the Statistical Summary output of the Grant Lake Operations Model (GLOM)
is also attached. This summarizes the “educated guess” of distribution of monthly flows
in the Mono Basin streams and Department facilities for the 2000-01 Runoff Year. These
flows do not represent minimum or maximum flows, or target any kind: they merely
provide a possible scenario of the flow distribution in the basin, assuming climatic
conditions, subsequent to the forecast date, are average. The actual flows will likely be
different.

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 as follows:

Peak Flow Magnitude (cf5s) Timing

reek @ Damsite 222 June 10

Parker Creek above Conduit 47 June 18
Walker Creek above Conduit 35 June 13 -

Lee Vining Creek 245 June 6

1
) Based on the April 1, 2000 runoff forecast.
Using the 1941-1990 average of 122,124 acre-feet.
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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 the above
table 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 April 1, 2000 forecast, and
assume median precipitation for the following six months.

On April 1, 2000, Mono Lake’s water surface elevation measured 6,384.5-f. amsl and
storage in Grant Lake Reservoir was 36,691 acre-feet (77% of capacity). Given the most
current forecast, and the proposed operations guideline, the elevation of Mono Lake is
expected to be approximately 6385.2-ft. amsl at the end of the runoff year. This is
graphically shown'in the attached “Historical and Projected Mono Lake Elevation” graph.
The estimate is derived from modeling, and includes a number of assumptions such as
normal precipitation conditions for the remainder of the year. As such, the estimate is to
be used only as a general indicator.



Grant Lake Operations Model - Statistical Summaries
2000 Runoff Year: Normal

Lee Vin.| Walker | Parker Rush Lower Lower | Rush C. Owens | Owens
Creek Creek Creek Creek [ Lee Vin. | Lee Vin.] Walker Rush Bottom | Grant Grant Grant Mono River River
Above Above Above e 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 . 36,691
Min 16 2 3 28 16 6 36 42 36,320 49 ] ] 47 80
Ave 69 8 12 81 69 20 . B9 78 43,214 67 13 22 72 1
Max 318 40 58 255 318 96 193 263 47,680 90 144 44 139 156
End 38,380
Monthly Average Flows
cubic feet/second 1st of Month
Apr 29 4q [ 63 29 0 9 49 68 36,691 69 1 66 a3
May 106 17 116 106 o] 24 49 73 36,750 49 82 99
Jun 219 27 38 203 219 o] 66 98 164 41,350 49 49 121 138
Jul 106 18 27 142 106 0 45 135 180 47,580 49 86 93 110
Aug 36 8 12 105 36 ] 19 71 20 47,580 81 22 32 81 130
Sep 37 .6 12 68 37 o 18 48 66 47,580 76 4 32 81 130
Oct 26 ‘9 7 61 26 (o] 16 44 60 46,100 76 o 32 67 116
Nov 39 [ 6 62 39 1] 1 44 55 45,050 76 0 32 65 104
Dec 72 3 4 56 72 1) 8 44 62 43,840 76 o) 32 66 1056
‘ ..'Ian 60 3 4 49 60 (4] 7 44 b1 42,850 76 [+] 32 66 104
Feb 50 3 4 42 50 4] 7 42 49 41,470 74 o 32 54 103
Mar 51 3 4 36 61 o] 7 36 43 39,970 67 ] 31 63 101
Monthly Total Flows
acre-feet Average
Apr 1,715 216 317 3,169 1,718 [+] 633 2,890 3,423 | 36,508 3,631 [+] 641 3,905 6,557
May 6,490 450 1,043 7.143 6,490 4] 1.494 3,013 4,506 | 38,246 3,013 0 o 5,035 6,081
Jun 13,054 1,627' 2,280 12,078 | 13,054 o] 3,907 6,833 9,740 | 45,639 2,916 2,917 0 7.177 8,188
Jul 6,508 1,110 1.642 8,709 6,508 1] 2,752 8,310 1 11,062 ] 47,580 3,013 5,297 o 5,724 6,769
Aug 2,228 470 714 6,447 2,228 (4] 1,184 4,351 6,635 | 47,580 4,981 1,338 1,968 4,956 7,969
Sep 2,192 366 728 3,468 2,192 3] 1,094 2,832 3,926 | 47,092 4,522 274 1,904 4,832 7,747
Oct 1,580 654 412 3,774 1,580 0 966 2,705 3,671 ] 45,456 4,673 0 1,968 4,129 7.142
. Nov 2,311 313 348 3,068 2,311 o] 661 2,618 3,279 | 44,486 4,522 0- 1,904 3,272 6,188
Dec 4,409 213 ‘ 271 3,448 4,409 [} 484 2,705 3,190 § 43,527 4,673 o] 1.968 3.413 6,426
Jan 3,689 179 252 2,997 3,689 o 430 2,705 3,136 | 42,180 4,673 o] 1,968 3,362 6,376
Feb 2,777 159 215 2,315 2,777 o 373 2,333 2,706 | 40,775 4,110 (o] 1,777 2,992 6,713
Mar 3,115 173 250 2,195 3,115 ] 423 2,214 2,637 | 39,264 4,116 0 1,902 3,286 6,233
Apr-Sep| 32,188 4,239 6,724 | 41,014 ] 32,188 0] 10,964 | 27,229 | 38,192 21,975] 9,766 4,512} 31,628] 42,311
Oct-Mar] 17,881 1,690 1,747 | 17,798 ] 17,881 (] 3,337 ] 15,281 18,618 26,767 o 11,436 20,453] 38,077
Annual .
Total 60,069 5,829 8,471 68,8121 50,069 0] 14,300 42,5610] 656,810 48,742 9,766 15,999] 62,081] 80,387

Table 2




- STATE WATER RESOURCES CONTROL BOARD
ORDER NO. 98-05 GUIDELINES

Hydrologic Year Type: Normal
Forecasted Volume of Runoff (acre-feet): 100,750 < -< 130,670

LOWER RUSH CREEK

Instream Flows:

Apr May-Jul | Aug-Sept | Oct-Mar
Flow (cfs) 50 75 50 45

Minimum base flows are 47 cfs for the April through September period and 44 cfs for the
October through March period, or the inflow to Grant Lake reservoir, whichever is less.
If the inflow is less than the dry-year instream flow requirements, then dry year base flow
requirements apply.

Stream Restoration Flows: 380 cfs for 5 days followed by 300 cfs for 7 days

e Begin ramping stream restoration flows on June 1.
e 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

e Begin ramping for stream restoration flows on May 15. _
e Ramping rate: 20% change ascending and 15% change descending, or 10 cfs
incremental change, whichever is greater.

Lee Vining Conduit Diversions;

e Divert flows in excess of base flows until May 15.
e Diversions may resume 15 days afterpeak flow.

WALKER AND PARKER CREEKS

Instream Flows: Apr-Sept Oct-Mar
arker Creck (cfs) 9 6
Walker Creck (cfs) 6 45

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  Start exports of 33 cfs after peak flows have passed. It is anticipated
that would occur August 1*.

Figure 1



Rush Creek-Daily Flows
Normal Runoff Year Illustration
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Forecasted Grant Lake Reservoir - Daily Inflow, Outflow, & Storage
Normal Runoff Year Illustration
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Creek-Daily Flows
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cubic feet per second (cfs)

Upper Owens River-Daily Flows
Normal Runoff Year Illustration
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Parker Creek—Daily Flows
Normal Runoff Year Illustration
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Walker Creek-Daily Flows
Normal Runoff Year Hlustration

80

60

S &
(sf2) puooas 4ad j2of 211>

g oy
L1 sy
£ 1o
Lt qo4
£qe4
0z uer
gusp

€2 %8Q

§C AON
b AoN
820

#1420

o¢ des .

94 dag

Z dsg

61 bny

g bny

eeinr

ginr

pZ unp

0} unp

L2 Aepy

€1 Aoy

62 4y

4 ¢4 idy

4 ddy

o= Walker Creek below Conduit

Walker Creek above Conduit

April, 2000

Figure 7



Walker and Parker Creeks Combined-Daily Flows

Normal Runoff Year Illustration
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MONITORING RESULTS AND ANALYSES FOR WY 1999: LEE VINING, RUSH, WALKER AND PARKER CREEKS

The river, then, is the carpenter of its own edifice.

Luna Leopold
1994

Introduction

A monitoring team was designated in SWRCB Order 98-05 to oversee implementation of
a stream monitoring program. Purposes of this report are to: (1) present ongoing
monitoring data collected in WY 1999, (2) evaluate the termination criteria and
recommend changes, additions, and/or deletions to the termination criteria, (3) determine
whether termination criteria are needed for Parker Creek and Walker Creek, and (4)
propose channel projects for WY2000 as stated in the Mono Basin Plan (LADWP 1996).
Results from the WY 1999 monitoring year will be presented first, followed by analyses of
the termination criteria, and ending with proposed channel projects for WY2000.

WY 1999 Monitoring Results

‘ Introduction

WY 1999 monitoring is the first complete year of monitoring as stipulated in SWRCB
Order 98-05. Previous monitoring by LADWP in WY 1997 and WY 1998 (McBain&Trush
and Hunter 1999) has generated important data on fluvial processes and served as a pilot
study to refine sampling methodologies. Field methods employed in WY 1999 are
described in McBain&Trush and Hunter (1999). Changes and new/modified sampling
locations are addressed within appropriate topic headings of this report.

New Sample Sites

In addition to four previously established study sites (first created in WY 1997 or
WY1998), we developed three new study sites along Walker, Parker, and Rush creeks in
the summer of WY 1999 (Figure 1). Concrete benchmarks with aluminum caps were
installed at each. Monitoring consisted of cross sections, thalweg profile surveys, and
planmapping. The Rush Creek study site is located between the County Road Ford and
Test Station Road. The Walker and Parker Creek sites are located between the LADWP
diversion structures and old Highway 395 (Figure 1). Each new study site extends at least
two meander wavelengths and was monitored following established protocols (McBain
&Trush and Hunter 1999; Harrelson et al 1994). Parker Creek was not planmapped (due

‘ to a problem with aerial photos, now corrected); a planmap will be made this summer.
MCcBAIN & TRUSH 1
APRIL 2000

FINAL



MONITORING RESULTS AND ANALYSES FOR WY 1999: LEE VINING, RUSH, WALKER AND PARKER CREEKS

Aerial Photography

With the exception of topographic work in 1991, previous field investigations on
tributaries to Mono Lake have not established monitoring sites and cross sections under a
standardized coordinate system. The intent of a “coordinate system” as applied to Mono
Lake tributary investigations is to report all pertinent field data referenced to non-changing
X, Y, and Z coordinates. For example, a given cross section headpin (and there are
hundreds of them along the streams) currently has no coordinates, and with the exception
of the memory of the person that installed or surveyed that headpin, no one else knows
where it is. If that same headpin was accurately surveyed using an established coordinate

- system (say X=105239.96 ft, Y=658147.34 f, Z=6257.76 ft), future surveys using
accurate techniques (e.g., survey grade GPS or total stations) can locate and resurvey the
cross section, allowing a precise comparison. Unfortunately, all horizontal coordinates (if
used at all) and elevations used by most investigators to date have been arbitrary (no X,Y
coordinates used, and arbitrary Z elevation used, e.g., 100.00 ft). Additionally, naming
systems for cross sections and reaches have not been based on systematic referencing.

Cumulatively, this has caused great confusion in locating oneself, made it virtually
impossible to compare data and trends over the years without a complex re-occupation
and conversion of coordinate systems, and has resulted in inefficient use of resources and
potential loss of valuable information. Standardization of coordinate systems and
longitudinal stationing along streams were needed. Initiation of monitoring after the Water
Board’s final decision was the logical time to begin this transition. LADWP initiated this
process by contracting a high altitude aerial photo flight to create an orthorectified air
photo mosaic of Mono Lake and its tributaries. This air photo would be based on NAD
1927 for horizontal control (X and Y coordinates), and NAVD 1929 for vertical control

" (Z coordinate). There are three primary uses of these air photos: (1) provide an air photo
base map with standardized coordinate system, (2) accurately document existing planform
morphology and channel location, and (3) accurately document future evolution in
planform morphology and channel location. However, the high altitude of this flight did
‘not provide sufficient scale for our detailed field investigations, so we initiated a separate
but lower altitude flight that would provide higher quality photographs of Rush, Lee
Vining, Walker, and Parker creeks.

In 1998, we documented channel planform location and thalweg profiles without using a
standardized coordinate system. Planform maps were constructed using tapes and
compass, thalweg profiles used these planform maps and tapes to locate survey points, the
elevation of which was measured with an engineers level. While these planform maps and
thalweg profiles provided substantial detail, the compass and tape method for
documenting location propagates significant horizontal error. In addition, concrete
benchmarks installed at all sites were assigned arbitrary elevations of 100.00 ft; thalweg
survey elevations were based on this arbitrary datum rather than on an established datum
based on mean sea level. The State Water Resources Control Board’s final decision, the

MCBAIN & TRUSH 2
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MONITORING RESULTS AND ANALYSES FOR WY 1999: LEE VINING, RUSH, WALKER AND PARKER CREEKS

availability of LADWP surveyors, and the pending aerial photographs presented the
opportunity to standardize all monitoring data to a common coordinate system and datum.

Low altitude aerial photographs for Lee Vining, Rush, Parker, and Walker creeks were
flown from their mouths’ upstream to the LADWP diversion. Contract prints (and
negatives) were produced at a 1”’= 300’ scale for the entire length of the four streams.
Because Walker Creek and Parker Creek are much smaller than the others, 1”= 175" spot
photos were taken at our detailed study sites on those two creeks. The 1”= 300’ scale
photos containing our detailed study sites on Lee Vining Creek and Rush Creek were
enlarged to a scale of 1”=30’; the 1= 175’ scale spot photos on Parker Creek and
Walker Creek were enlarged to 1= 20’. These contact prints and enlargements needed to
be rubbersheeted or orthorectified to use in planmapping. Rubbersheeting is a process that
removes much of the air photo distortion in two dimensions by differential “stretching” of
the image to established ground control points, while orthorectifying removes much of the
air photo distortion in three dimensions by stretching to control points and ground
topography. Orthorectifying provides a more accurate product by using the topography to
remove distortion. '

Rubbersheeting control points were set-out in the field in August 1999, with the LADWP
survey crew using survey grade GPS to document coordinates for each control point.
Cross section headpins were also surveyed with the kinematic GPS to determine their
coordinates. This GPS survey work documented coordinates using NAD 1927 for
horizontal control and NAVD 1929 for vertical control. White targets were placed on
each control point so that they would be easily observed on the aerial photographs.
Softdesk CAD Overlay Civil Engineering software was used to rubbersheet scanned aerial
photographs from the control points. While rubbersheeting corrects much of the photo
distortion, we recommend that a specialized contractor use the 1991 photogrammetry-
based topography to provide LADWP with digitally orthorectified aerial photographs to
substantially improve accuracy of digital aerial photo basemaps.

Having LADWP surveyors assist future monitoring will not only simplify surveying, but
also will greatly improve the accuracy and repeatability of surveys, particularly for
longitudinal thalweg profiles. Our existing method of stringing tapes, taking bearings, and
surveying elevations with an engineers level to document planform location and thalweg
profile introduces substantial horizontal error, making year-to-year comparisons difficuit.
By using the LADWP kinematic GPS survey crew, we can survey very accurate planform
location and thalweg elevations (+ 0.1 ft).

Planmaps

The following McBain & Trush study sites were planmapped in WY 1999 (Figure 1; Plates
1to 9): N :
1. Upper Lee Vining Creek (main and A4 channel);
2. Lower Lee Vining Creek (main and B1 channel);

MCcCBAIN & TRUSH 3
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MONITORING RESULTS AND ANALYSES FOR WY 1999: LEE VINING, RUSH, WALKER AND PARKER CREEKS

Upper Rush Creek; _
Lower Rush Creek (main and 10 channel);,
Rush Creek County Road Site;

Walker Creek.

AN S

Datums associated with all McBain & Trush concrete aluminum benchmarks have been
converted from an arbitrary 100.00 ft elevation to an elevation relative to the 1929 vertical
datum survey (see discussion on related work in the air photo narrative). Cross section
rebar pins and previous years’ survey data have been converted to reflect this change in
datum. :

Rubbersheeted 1999 low altitude aerial photographs served as base maps for the
planmapping (Plates 1 to 9). WY 1999 was the first year we planmapped directly from
rubbersheeted aerial photographs; changes in our planmap reaches will be more easily
quantified and compared to future maps. The planmaps provide greater geomorphic detail
than our coarser vegetation-geomorphic unit mapping. All planmaps include location of
cross sections and bed mobility experiments, as well as selected field notes.

Hydrology

WY1999 Annual Hydrographs and Instantaneous Peak Discharges

Annual hydrographs at LADWP gaging stations are presented for Lee Vining, Rush,
Parker and Walker creeks (Figures 2 through 6) from WY 1995 through WY1999. 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 three locations along
Rush Creek: Rush Creek at the Dam site, Rush Creek below the Return Ditch, and Rush
Creek below the Narrows. Rush Creek below the Narrows Annual hydrographs are
synthetic: daily average discharges are 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
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 caused by LADWP and SCE. 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.
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Flood Peaks and Annual Maximum Recurrence Intervals

Annual maximum flood frequency curves computed by Hasencamp (1994) were computed
using the annual maximum daily average discharge. Frequency curves were developed for
unimpaired (unregulated) and impaired (regulated) flow regimes for Lee Vining Creek and
Rush Creek; only the impaired condition was evaluated for Walker Creek and Parker
Creek. Instantaneous annual maximum discharges, maximum daily average discharges, and
their respective recurrence intervals for recent years are presented in Table 1.

Flow Allocation Among Channels

In many instances the total daily average discharge measured at a given gaging station was
distributed in more than one channel (e.g., Lee Vining mainstem and the A4 Channel).
Synoptic gaging (measuring several flows at one time) was used to measure flow
allocation among primary and secondary channels (Tables 2 and 3). Based on these
measured flow allocations, we estimated daily average flow and peak instantaneous flows
for a given channel by developing proportions of the total flow to the individual flows of
specific channels. From WY1997 to WY 1999, we synoptically gaged Rush Creek five
times and Lee Vining Creek seven times to evaluate the proportion of total flow allocated
to the primary and secondary channels (9207 gaging forms in Appendix A) at all multi-
channel planmap sites. '

Cross Sections

All cross sections, located on the planmaps, were re-surveyed in WY 1999. Additional
cross sections were surveyed in the new planmapped reaches. Cross sections required in
the termination criteria analyses are presented in Appendix B; other cross sections for
long-term monitoring are available on request. Aluminum tags on all rebar and
benchmarks have not been replaced with the newly acquired coordinates using the
kinematic GPS. This will be accomplished by late summer WY2000.

Thalweg Profiles

The thalweg is defined as the deepest part of a stream channel’s cross section. Using an
auto level and engineer’s tape, mainstem and selected secondary channel thalwegs were
surveyed through all McBain & Trush planmap sites in WY1999 (Figures 7 to 17).
Thalweg measurements were taken at obvious slope breaks (i.e., not at equal increments
along the channelbed) in the channelbed profiles. Water surfaces and high water marks
also were surveyed for estimating water surface slopes over a wide range of discharges.
Baseline thalweg profiles surveyed before WY 1999 are compared to the WY 1999 profiles
(Figures 7 to 17). Thalweg profiles were surveyed at the new planmap sites: Rush Creek
County Road site, Walker Creek, and Parker Creek. Trend ana]ys1s at all sites is premature
until the thalwegs are surveyed over more years.
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Channelbed Mobility

As described by Leopold (1994), “the moving water exerts a force on the bed which is
available to push sediment grains downstream.” This force, the bed shear stress (1), is
measured in Ibs/ft®. The greater the slope and/or deeper the water column, the more force
is directed tangential to the channelbed (i.e., greater bed shear stress) and made available
to push a rock downstream. If this shear stress exceeds frictional forces resisting
movement, the rock moves downstream. The bed shear stress (1) can be approximated by
an equation labeled the “depth-slope product” defined simply as:

1=W*H*S (equation 1)

where: '

W is the weight of water (62.4 Ibs/ft),
H is water depth (ft),

S is water surface slope (fi/ft).

This equation requires stream channels with steady uniform flow where the streamflow
changes little in the cross stream direction (Larsen 1992). Ideally the depth-slope product
is applied only to straight riffle and run segments that exhibit uniform water depths and
velocities. The shear stress equation for these uniform channel segments can be expressed

as the bed averaged shear stress 1, by:

Ww=W*d*S (equation 2)
where:
d is the average water depth (ft).

Other channel segments, such as pools and aItemating bars, require considerably more
sophisticated modeling to approximate 1, (Larsen 1992).

Particle size of the streambed can be predicted by estimating 1, based on the Shield’s ,
criterion for initial motion. The Shield’s criterion is a ratio of the forces tending to move a
rock (in the numerator) and the forces tending to keep the rock at rest (Larsen 1992).
When this ratio reaches a critical value, the rock is on the threshold for movement. The
shear stress just initiating incipient motion for a given rock size is labeled t.; , or critical
shear stress. The Shield’s ratio for incipient motion is calculated using the following
formula:
. T =Tai/ 8(Ps - Pu)Di (equation 3)

where: '
1" is the dimensionless critical shear stress for rock size 1,
g is gravitational acceleration (32.2 fi/sec?)
ps is the specific density of rock (2.65 g/cm®),
pw is the specific density of water (1.00 g/cm?),
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D; is rock size (mm) at the given percentile i.

Dimensionless critical shear stress (identical units for force in the numerator and
denominator cancel-out, i.e., “dimensionless”) can be reduced to:

1= dS/(1.65D;) (equation 4).

To predict incipient motion for D;, at a given discharge and cross section, a value for Teils
needed. Two analytical approaches are being used. Published values, experimentally
estimated in the field and laboratory, to model incipient motion are available. The original
Shield’s value for T’ was 0.06 for a homogeneous laboratory setting. Field studies have
since identified lower values of T’ for the Ds ranging from 0.035 to 0.045 as more
representative of gravel bedded channels (Andrews 1983). We prefer to use T=10.035 to
0.040 for the Dsq and T ¢; = 0.020 to 0.025 for the Ds, if no empirical data are available.

The second analytical approach is empirical. Marked (painted) rocks representing the Dso
and Dg, are set into the channelbed (in as natural a position as possible) along cross
sections in uniform riffles. The percentage of rocks moved (more than 3 ft) since the last
observation date is recorded, as well as the peak discharge (and stage height) since the last
observation date. A graph is constructed to identify an interval of peak flows where the
percentage of mobile rocks increases from 0% up to 100% mobility. Bed shear stress is
then estimated at the flows just exceeding 0% and achieving 100% mobility. Both
_estimates of 1, can be entered into the numerator of the dimensionless critical shear stress
equation to bracket estimates of 7' for the Dso and Dg, (d and S are also known).

_ The second approach requires several years of marked rock monitoring to accrue
sufficient peak flows to narrow the window of flows just initiating movement and
achieving 100% mobility. Although its extended field requirement may be considered a
drawback, this approach allows us to identify mobility thresholds where simple equations
cannot reliably predict mobility, e.g., in boulder eddies or constricted pool tails. Also, the
second approach bolsters confidence in the modeling approach.

All marked rock results through WY 1999 (WY 1997 and WY 1998 results initially
presented in McBain & Trush and Hunter 1999) are summarized in Figures 18 to 22, with
the percentage mobilized plotted as a dependent variable of peak discharge. The flow
producing 10% mobility was considered the incipient threshold. The 1, at peak discharge
was calculated (using equation (2)) by estimating average depth (d) from the cross section
and water surface slope from the field surveys. Computed 1, was then entered into the
numerator of equation (4) to back-calculate t'; for D; (the Ds and Dg,) at incipient
mobility (Table 4). Only those sites providing reasonably decisive thresholds were
analyzed. The most alluvial channel segment monitored, lower Rush Creek, produced the
sharpest thresholds and the narrowest range in estimated T ; for the Dso and Dsg,. In
contrast, the mainstem of Lee Vining Creek is the least alluvial and requires more flood
peaks before estimating mobility thresholds. With -more monitored events, 1 ; estimates
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are expected to change.

The channelbed in Lower Rush Creek achieved incipient mobility at approximately 110 cfs
to 115 cfs for the D5 and 125 cfs to 130 cfs for the Dg,. This narrow flow range spanning
incipient conditions for the Dso and Dg, is typical of alluvial channels. These two flow
ranges are approximately 75% and 85% (respectively) of the regulated bankfull discharge
(Q..s = 150 cfs). Researchers are finding flow thresholds for incipient motion at 70% to
80% of Q.5 or even less (Rosgen 2000). Upper Rush Creek (XS05+45) exhibited a higher
flow threshold for incipient mobility that is approximately 100% and 125% of regulated
Q.5 for the Dso and Dy, (Table 4). This discrepancy suggests Lower Rush Creek has
adjusted morphologically (and alluvially) to its imposed regulated flow regime, whereas
Upper Rush Creek has not (retaining characteristics of its pre-1941 channel morphology).
If our preliminary threshold flows are compared to the unregulated Q,.s of 400 cfs, even
the Lower Rush Creek threshold flow percentages of Q, s (approximately 30% and 33%
for the Dso and Dg,4) are considerably less than expected compared to contemporary
alluvial streams.

Two important tasks are underway. While initial mobilization is an important threshold,
we consider significant mobilization geomorphically more relevant. Using the marked
rocks, mobility exceeding 80% was considered significant. Significant mobilization of the
Ds, in many alluvial channels we have examined occurs close to the bankfull discharge.
‘This analysis will require more monitoring and analyses. Mobilization is not uniform
throughout the channel. As indicated in the monitoring results, mobilization of alternate
bar surfaces requires flows considerably higher, and less frequent, than the bankfull
discharge. We hypothesize, based on contemporary alluvial channels, that the 5-yr to 10-yr
flood will accomplish significant mobilization of alternate bars. This analysis also will
require additional monitoring and analyses.

Vegetation arid Geomorphic Unit Mapping

Vegetation in each stream corridor appears as a mosaic of distinctive plant stand types
occupying a wide range of environmental conditions and gradients (Sawyer and Keeler-
Wolf 1995). Riparian vegetation is composed of plant species that need considerable water
and open space to germinate. These conditions are mostly created and sustained by
streams, though other mechanisms may create them (e.g., irrigation ditch construction and
maintenance, groundwater seeps, springs, etc.). Vegetation in the stream corridor has
always been composed of desert, transitional, and riparian plant stand types in constantly
varying ratios of abundance. '

The riparian corridor has been traditionally defined as the zone of direct interaction
between the terrestrial and aquatic system(s) or by the dominant plant species present
(Gregory et al. 1991; Jones&Stokes 1993; Kaufman 2000). These definitions only
consider the present channel location, and adjacent land only where the stream sustains a
higher, off-channel groundwater table than would be available from local precipitation
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alone. But the riparian corridor should be synonymous with the stream corridor, including
those areas where the channel once occupied and might in the future occupy. Often for
small streams, such as the steep upper reaches and relatively flat bottomlands of Rush and
Lee Vining creeks, a stream’s corridor is simply bounded by its valley walls or very high
ancient terraces. Occasionally some streams, such as Parker and Walker creeks below their
diversion structures, have no definable valley walls. In these cases, boundaries for the
stream corridor have been set at 300 ft from the present channel.

Riparian vegetation cover along Lee Vining, Rush, Walker and Parker creeks has been
mapped from pre-1941 and post-1985 (approximately when watering was resumed) aerial
photographs (Jones and Stokes 1993; Kaufman 2000). The first vegetation cover
evaluation was part of the 1993 Environmental Impact Report (Jones and Stokes 1993).
The EIR quantified pre-1941 and 1989 riparian vegetation cover along each stream. Rush
Creek riparian vegetation was mapped again in 1996. We mapped vegetation cover within
the Lee Vining Creek, Rush Creek, and Walker creek riparian corridors in the fall of 1999
(Plates 10 to 27). Parker Creek will be mapped in early summer 2000.

Our vegetation mapping and previous mapping were not entirely compatible. Individual
stands, or patches, of vegetation on aerial photographs were mapped and labeled based on
the dominant plant species in the canopy, then subjected to intensive groundtruthing. Each
mapping study used a unique combination of spatial scale and vegetation classification
system; ours was no different (Table 5). The common thread between studies is that
individual stands have been defined by the dominant plant species identifiable in aerial
photographs. The vegetation cover classification used in the EIR and our vegetation cover
classification share a similar “crosswalk”: the classification adopted by California Fish and
Game’s natural diversity data base (NDDB). Our plant stand types all have an equivalent
NDDB stand classification, as do the EIR stand types (Table 5). The 1996 Rush Creek
study (Kaufman 2000) still needs equivalent stand types developed.

As riparian vegetation recovers, accuracy of the acreage estimates becomes important for
validating termination criteria. How well does the acreage of digitally delineated stands
match acreage measured on the ground? Currently there are no estimates of accuracy for
our 1999 vegetation maps, or for previous studies. Until 1999 there has not been a unified -
coordinate system for developing base maps. Consequently each study used different
basemaps, making standardization among studies a real problem. Also, previous acreage
has been estimated by planimetric analysis or using non-industry standard mapping
software (i.e., Pagemaker rather than CAD or GIS type software); this may require re-
entering all earlier riparian inventories.

Quantifying map accuracy is difficult because aerial photographs (serving as base maps) of
similar scale were not corrected for camera lens curvature or for the curvature of the
earth. Without using “corrected”, or orthorectified, aerial photographs, acreage
comparisons between years are flawed. The EIR mapping and our mapping use the 1991
topographic maps as base coordinates. We mapped vegetation with contact prints,
originally at a scale of 1:9600, enlarged to a scale of 1:1,800. The 1996 study does not use
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the 1991 topographic maps (Kaufman 2000). Vegetation mapping efforts can be made
compatible by converting previous base maps to the coordinate systems set up in 1999 and
defining common valley wall boundaries for all studies. Different sets of aerial
photographs orthorectified to the same base coordinate system used as base maps should,
in theory, provide the same accuracy.

A plant stand is defined by the presence of a dominant species or co-dominance between a
few species. Sometimes species dominance is unclear, or stand area seems too small to be
considered a legitimate “stand.” The minimum plant stand area we mapped was 233 sq. ft
‘(Black Cottonwood) on Rush Creek, 114 sq. ft on Lee Vining Creek (Mountain
Mahogany), and 35 sq. ft on Walker Creek (Shiny Willow).

Rather than use valley toeslopes to define the stream corridor, the EIR (Jones and Stokes
1993) quantified vegetation cover within an arbitrary distance from the stream; these rigid
boundaries however always included all riparian vegetation. The EIR presents the total
acres covered by mature riparian vegetation within predefined reaches. Mature riparian
vegetation was defined using a combination of the dominant growth form (tree, shrub,
herb), site hydrology (e.g., dry, riparian, wet), and plant species (black cottonwood,
willow, Jeffery pine). No criteria were established to determine whether mapped “riparian
vegetation” was produced by, or under the influence of, streamflow, irrigation, or
groundwater seepage. The arbitrary limits were set to include all mapped “riparian”
'vegetation and in some cases, the total acreage attributable to mature riparian vegetation
before diversion and in 1989 was overestimated. Differences in vegetation acreage can be
corrected by redefining the 1993 arbitrary boundary of the EIR to include all acreage
within the stream corridor (e.g., using our “valley wall” line).

~ We mapped 24 plant stand types and grouped them into four general types: aquatic,

riparian, transition, and desert (Table 5). Stands dominated by aquatic plant species were
classified as aquatic. Terrestrial wetland facultative and obligate plants dominated plant
stands classified as the riparian group (Populus balsamifera ssp. trichocarpa and Salix
spp.), while groups dominated or co-dominated by facultative plants were assigned to the
transition group. Upland plants were assigned to the desert group (see Reed 1988 for a
complete discussion of the wetland-upland classification).

There are inconsistencies in classification between our study and the EIR. Vegetation
mapping by Jones and Stokes (1993) included three plant stand types in riparian
vegetation that we considered transitional (i.e., buffaloberry, mixed riparian rose, rose).
Transition vegetation is not considered in the riparian vegetation acreage presented in
Tables 6 to 8. Transition vegetation does indicate elevated groundwater levels, and some
recovery. However, transition vegetation does not necessarily indicate a shift to riparian
conditions because species that compose transition vegetation can tolerate much dryer
growing conditions and their seed germination does not rely on conditions created by the
stream.
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Aggradational Floodplains

- Introduction

Floodplain aggradation is a key alluvial process in all Mono Basin stream channels perhaps
best exemplified by Parker Creek. Its channel has been constructed on top a coarse glacial
outwash fan and now functions almost independently of its original geomorphic setting.
The straight downslope gradient of this fan at the planmap site is approximately 30%
greater than the channel slope. Slope reduction (from the much steeper gradient of the
outwash fan) affects water velocities and bed-averaged shear stresses, as well as physical
channel complexity. Cross sections and field inspections clearly show the channel has
become elevated, even precariously, above its valley floor. This alluvial “mound”, labeled
as floodplain, is composed almost entirely of sand and silt. And sedges! Generations of
sedges have trapped thin 1 to 3 mm layers of aggrading sands with each overbank flood
event (observed at Q > 50 cfs). Each episode of aggradation then required an even greater
flood to overtop stationary banks. As segments of the channel bank migrate, the building
process is renewed but in slightly displaced locations that follow a meander’s path. As the
radius of curvature for meanders tighten or an eroded tree collapses into the channel, the
mainstem may avulse. Captured flow now traveling away from, and down from, the
mainstem may parallel the mainstem channel far downstream before gaining a topographic
depression that allows captured and mainstem flows to rejoin.

This brief description of Parker Creek’s morphology highlights several key basinwide
restoration considerations. First, vegetation does not simply influence channel
morphology, it dominates channel morphology. Without sedge (and other plant taxa)
colonization of the steep outwash fan, floodplain aggradation would not have occurred on
Parker Creek. Second, an aggraded floodplain morphology is dynamic, resilient, but also
fragile. A bulldozer scraping-off a few feet of sand and silts swiftly unravels centuries of
construction. Third, high flows are critical for the channel to maintain its shape. As the
channel migrates into its outer banks and undermines the aggraded floodplain, the channel
must also aggrade its inner banks to maintain channel shape and confinement. High flow
releases designed to scour gravels (at salmonid spawning sites), typically labeled flushing
flows, cannot provide this function. With flushing flows as sole peak releases, the channel
would continue to erode its outer banks but could not replenish its inner banks. The
channel would continue to widen and degrade habitat. Frequent avulsions, that may have
been a dominant rejuvenation process of channel morphology and woody riparian stands,
also require flows capable of overtopping the channel banks.

The Parker Creek description, as well as the collective understanding of the other
tributaries from years of numerous investigations in the Basin, also highlights that our
understanding of contemporary alluvial channels provides an acceptable framework for
how Mono Basin streams once functioned. No one was conducting bed mobility
experiments in the early 1900’s on Rush or Lee Vining creeks. But we can assert that the
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general channelbed once mobilized frequently and that formation and maintenance of point
bars were important.

Historic Aggraded Floodplain

Our investigation of historic channel morphology had two primary purposes. First, if lower
Lee Vining Creek and Rush Creek demonstrated geomorphic features common to alluvial
stream channels, we could infer that many geomorphic processes governing contemporary
alluvial stream channels also once applied to the two creeks. For example, alluvial
channels typically construct floodplains just inundated by an annual maximum flood
recurrence of 1.5 to 2.0 years called the bankfull flood. Did Lee Vining Creek and Rush
Creek have “alluvial” floodplains? If so, then floodplain recovery would be an important
goal for achieving sustainability. The second purpose was relief from the unexplained
observation of numerous cottonwood stumps located well above the present stream
channel in many locations. How could cottonwood stands have become established and
thrived on terraces that received infrequent inundation (pre- and post-1941), unlike
contemporary stands along similarly sized unregulated alluvial channels occupying
surfaces inundated by 1.5-yr to 3.0-yr floods? Any attempt to create sustainable
cottonwood stands needs an explanation.

Our first step in this investigation was to estimate the flood discharge that once formed the
unaggraded floodplain under pre-1941 hydrologic conditions. We hypothesized this
discharge would be the bankfull discharge having an unregulated 1.5-yr annual recurrence
(Q..5). The unregulated Q. s is approximately 265 cfs for lower Lee Vining Creek and 400
cfs for lower Rush Creek. To test this hypothesis, channel cross sections representative of
~ the pre-1941 condition were needed, then: (1) identify bankfull stage on each cross
section, (2) estimate the discharge using the Mannings equation, and (3) compute its
unregulated recurrence interval.

The well-preserved channel morphology of the 1A Channel just downstream of the
Narrows was our best choice (refer to Larsen (1994) for photographs and cross sections).
Figure 23 depicts the actual cross section (labeled “pre- 1941 berm”) where “floodplain”
corresponds to the stage height of the unregulated pre-1941 Q, s peak discharge. This is
the rudimentary floodplain if no.aggradation occurred. However, colonization by woody
riparian vegetation created an ideal depositional environment for fine particles with very
slow settling velocities. A riparian berm formed, where fine sediment was rapidly
winnowed by riparian vegetation along the main channel margin. Rather than being evenly
deposited throughout the floodplain, a pronounced berm was constructed from the fine
sediment. The riparian berm rests on coarser sand and gravel of the floodplain. Cores
taken through the berm at Sta. No’s. —03 ft and -09 confirmed a sharp interface between
fine sand/silt and the coarser floodplain substrate at a stage height of 99.0 ft (Figure 23).

- The alluvial surface evident at a stage of 100.5 ft to 101.0 ft on the right bank is the
surface of the pre-1941 aggraded floodplain. Approximately 1.5 ft of fine sand and silt had
been deposited on this rudimentary floodplain surface.
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Our first task was to estimate the discharge that just reached floodplain stage (99.0 ft) and
the discharge that just overtopped the riparian berm crest. By using our empirical
estimates for channel roughness and a surveyed thalweg profile (refer to Larsen 1994 who
 originally surveyed this site), we estimated both discharges (Figure 23). The floodplain
had an unregulated discharge of approximately 350 cfs giving an annual maximum flood
recurrence of 1.2 years, while the left bank riparian berm was just overtopped by a 65-yr
event (1,200 cfs) giving an annual maximum flood recurrence of 65 years. Similar analyses
were performed on two other ideal historic cross sections: lower Rush Creek Channel 14
and the A4 Channel in Lee Vining Creek.

These results do not state that the riparian berm in the 1A Channel cross section was
formed in 65 years. Formation must have taken considerably longer. We have observed
during floods that a minimum stage of approximately 0.5 ft deep flow is needed to cause
measurable fine sediment deposition. As riparian vegetation became more dense,
deposition would have been enhanced. In the sediment cores we noticed no distinctive
banding of the sediments to indicate deposition depths for discrete flood events. At this
junction in the investigation, we have not estimated how long berm formation requires.

But we can speculate on the following concerning riparian berms. First, higher berms
probably required more time to form (height also was affected by channel slope; will
present hypotheses/results in next year’s report). As the berm grew, only higher and
therefore rarer floods could increase berm height. Channels that remained stationary
would be expected to have higher berms. Second, there must be a limit to berm height. To
overtop a very high berm would require a several hundred year flood or greater (results to
follow). The very largest floods were typically rain-on-snow events: high magnitude but
very short duration. Therefore the very largest floods provided extremely short periods for
deposition. The most important floods for berm construction probably were the
intermediate high floods generated by unusually high snowmelt runoff: maybe not as high
as rain-on-snow events, but much more common and of much longer duration per flood.

" While our sampling has not been exhaustive, the typical depth of fine sediment resting on
coarser alluvium, as observed in the channel eroding into terraces or the pre-1941
floodplain, is from 1.5 ft to 2.0 ft. Although in the County Road planmap, the pre-1941
floodplain had one location with 4 ft of deposition on top the original floodplain. The
importance of two feet is evident in the 1A Channel cross section. The distance from the
floodplain stage height to the thalweg is 2.5 ft, whereas the distance from the floodplain
stage height up to the top of the aggradational floodplain is approximately 1.5 ft. The
channel has produced considerable confinement with the assistance from riparian
vegetation. -

Historic channels in lower Lee Vining and Rush creeks were hydraulically confined above
the 1.5-yr flood stage height. Field inspection in 1999 of eroding banks indicated that
approximately 2 ft of silt aggradation is common on historically aggraded floodplains.
Some areas had even greater depths, e.g., at the Rush Creek County Road Site one site
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had 4 fi.

Silt deposition could occur very rapidly on the rudimentary floodplain. A 7 ft high dead
willow was excavated from a pre-1941 aggraded floodplain in the County Road reach of .
lower Rush Creek. The excavation site is labeled on Plate 8. The excavated willow was 38
years old at the time of death. Diversions began 18 years after its initial germination, as
evidenced by the sharp reduction in annual growth ring width. We used the placement and
diameters of adventitious roots to determine the depositional history during this willow’s
lifespan; it survived three depositional events, the last exceeding 40 cm (15.75 inches) feet
(Figure 32). It has been difficult to place a date on the year of each depositional event,
however the fact that adventitious roots existed no more than 26 cm below the
contemporary ground surface is strong evidence that significant depositional events
occurred frequently (Figure 32).

Riparian berm formation must have had extreme consequences to woody riparian
vegetation. As the berm grew, the stream was essentially isolating its mainstem channel (in
time) from its floodplain by making inundation less frequent and less deep. For a species
such as cottonwood that requires moist exposed sandy/silty substrate for germination, the
opportunity to establish new cohorts probably decreased through time if the channel
remained stationary (and built high berms). Age class distribution of the stumps can be
used to indicate inundation dynamics. A varied age class structure indicates the occurrence
of many floods within the relatively short lifespan of cottonwoods. We will propose
estimating age class distributions this summer on lower Rush Creek and Lee Vining Creek.
Most (only an observation at this time) of the large stumps do not exhibit adventitious
roots, suggesting these cottonwoods established on top (or slightly beneath) the historic
aggraded floodplain. '

Contemporary Aggraded Floodplain

The contemporary (post-1941) floodplain discharge was identified by locating a baseline
elevation underlying the sand/silt deposition of the contemporary aggraded floodplain,
then estimating the discharge at this baseline elevation using a roughness factor.
Occasionally a discharge had been measured at, or very near, the estimated elevation. We
hypothesized that the Q, s peak discharge in the regulated annual maximum flood
frequency curve would equal the post-1941 floodplain discharge, i.e., that the post-1941
floodplain would form at the regulated Q, s stage height. For Rush Creek (@ damsite) the
regulated (i.e., impaired) Q, s peak discharge for WY1941 to WY1991 (Table 9) was 165
cfs. Using another annual maximum flood frequency curve for WY 1973 to WY 1994, the
regulated Qs peak discharge was 148 cfs. For Lee Vining Creek (above Intake), the
regulated Qs peak discharge for WY 1973 to WY 1994 (Table 9) was 188 cfs. The
unregulated Q, s peak discharge for WY1973 through WY1994 (Table 9) was 265 cfs.

Cross sections with prominent contemporary floodplains were analyzed. No systematic
sample of all contemporary floodplains was undertaken. Therefore only individual Q; s
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estimates are presented (Table 4) without calculating means, etc. Until we better quantify
hydraulic roughness and observe more peak flow events, the flow estimates are
preliminary (Mannings n’s are included). The post-1941 recurrence intervals for the flow
just inundating the post-1941 floodplain were slightly lower (Table 4) than hypothesized.
The results (pre-1941 and post-1941) support our underlying assumption that these stream
channels function similarly to contemporary alluvial channels.

Berms are clearly growing in the contemporary channel. Lower Rush Creek planmap site
provides the best examples. In XS 10+10 (Figure 33), the berm crest is approximately 0.5
ft high. Many cross sections show growing berms (Appendix B).

Channel Migration and Width Maintenance

Alluvial channels migrate. For lower Rush Creek and Lee Vining Creek, lateral channel
migration will be a prominent mechanism for converting pre-1941 aggraded floodplain
into contemporary aggraded floodplain. How long is required for a channel to re-occupy
every location across its migration corridor? A coarse rule-of-thumb is that alluvial
channels migrate 1 to 2 percent of their bankfull widths annually, i.e., 50 to 100 years to
migrate one bankfull width. For lower Rush Creek, bankfull width is approximately 30 ft.
Therefore, progressive lateral migration of a single channel from one valley wall, across a
1000 ft wide corridor, and to the opposite wall would minimally require 1,500 years. But
the rate may be much higher. .

Valleywide XS07+25 in lower Rush Creek (Plate 6) was centered through an actively
migrating channel bend. This may not be the fastest migrating bend, but it must be one of
the faster bends. Fortunately, the cross section was first surveyed in June 1995 (Figure ‘
34), just before the 647 cfs peak flood (Channel 10 was not yet opened). Unfortunately, it
was not resurveyed until late summer, following the WY 1997 peak discharge (169 cfs). In
June 1995, its wys was a very wide 61.0 ft. By late summer 1997 wis was 38.4 ft (Figure
34). We suspect the 1995 peak event caused significant outer bank erosion and that the
1996 peak event (293 cfs) significantly contributed to deposition on the inner bank. The
1997 event (only 169 cfs) had minor effect. However, another significant event in
WY1998 (387 cfs) was sufficient to aggrade the inner point bar. The wy in late September
1998 was 29.0 ft. Bankfull width was being maintained by the annual flow regimes from
WY 1995 to WY 1999, whereas the water years prior to WY 1995 produced a much wider
channel. Over the 4-yr period, the thalweg migrated 63 ft, for a rate of 52% wyr annually.
A 4-yr period is too short for estimating long-term migration rates, but this example
illustrates the potential for migration and the ability of the channel to adjust wys.

How realistic is this estimate? We have not tackled this analysis yet. An answer probably is
related to the height of riparian berm construction: the more stationary the channel, the
higher the berm. Ash layering also will be an analytic tool. Our guess is that progressive
channel migration (methodical floodplain construction with an advancing point bar) may
have occurred faster than expected in the lowest gradient reaches of Rush Creek (e.g,,
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from the lower Rush Creek planmap site and downstream). Avulsions, as opposed to
progressive migration, may have allowed the mainstem to occupy much of its valley
corridor faster than expected. Above Rt. 395, avulsion probably was the dominant
mechanism.

The peak discharge in WY 1995 also created floodplain aggradation above an elevation of
6490.0 ft shown on the WY 1997 cross section (Figure 34); none of the subsequent floods
attained this elevation. The flood, approximately 2 ft deep on the floodplain, deposited up
to 1 fi of fine sand and silt within the dense willows occupying the floodplain.

Results from XS07+25 suggest that width maintenance requires two basic processes,
erosion of the outer bank and deposition on the inner bank, that occur at different annual
rates. Widening can occur from a very large flood or from a series of low flow years that
cannot advance deposition on the inner bend but cumulatively cause outer bank erosion.
Narrowing can occur during the intermediate floods (Qu.5-yr t0 Q1o-yr) capable of depositing
coarser sediment on the flank and fine sediment on the crest of point bars, but not creating
significant bank erosion on the outer bend. Annual flow regimes must provide the floods
that balance the bank widening and narrowing in order to maintain channel width.

Floodplain Aggradation Model

We wanted to model floodplain aggradation to better understand physical processes. Can

~ we recreate the depositional process and reproduce aggradational floodplains? We relied
on our historic channel cross sections to provide a model template. Taking Channel 1A,
and removing its berm down to the original floodplain, we can estimate the magnitude and
recurrence of flood events needed to aggrade the floodplain. Figure 35 is the end product
of this model, with the original cross section overlaid for comparison. The right side of the
channel appeared slightly scoured in the field, from stations 26 ft to 45 fi. Figure 35
illustrates the flow magnitude and recurrence interval needed to inundate the floodplain to
depths of 0.5 ft and 1.0 ft WITHOUT riparian vegetation on the floodplain (Manning’s n
is only 0.040). With riparian vegetation and initial deposition of 0.5 ft, the magnitude of
flood needed to attain a given stage height is greatly reduced. A 1000 cfs event with a
recurrence of 16 years is needed to inundate the floodplain without riparian vegetation to
a stage height of 100 ft (Figure 35), but only a 750 cfs flood with a 5.7 year recurrence
(Figure 36) is needed with riparian vegetation (encouraging 0.5 ft of depositional and
providing hydraulic resistance to the flood flow). Other scenarios are presented (Figures
35 to 37). To achieve a 1.5 ft riparian berm (typical in lower Rush Creek) a 12-yr
unregulated peak discharge of 950 cfs would be needed to attain a stage height of 100.5 fi

(Figure 36).

In our simplified scenario, the floodplain remains hydraulically smooth. In reality, the
floodplain becomes occupied by woody riparian vegetation that greatly increases

resistance. The same discharge will attain a higher stage height with the hydraulically
rough floodplain. Flows were estimated using three values for the Manning’s n (e.g.,
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Figures 35 to 37). As riparian vegetation matures, and eventually drops into, or erodes
into, the mainstem channel, hydraulic roughness will increase. A Manning’s n of 0.05 or
greater (i.e., hydraulically rougher, therefore slowing water velocity) is very possible.
Increased hydraulic roughness will decrease the flood’s magnitude, and therefore the
annual recurrence interval, required to attain a certain stage height. Using the previous
example of a 1.5 ft high riparian berm (Figure 36), a Manning’s n of 0.050 reduces the
discharge from 950 cfs (using an n of 0.040) to 780 cfs (a 6.3-yr event).

Other historic cross sections were modeled: Channel 14 in lower Rush Creek (Figures 24
to 27), Yellow Bird reach below the Narrows (Figures 38 to 40), and the A4 Channel in
Lee Vining Creek (Figures 28 to 30). The Channel 14 cross section indicated a more
dynamic berm that was inundated more frequently (Figures 24 to 27). We initially
hypothesized that height of the riparian berm was closely related to channel migration rate.
A low berm, with supposedly frequent overtopping by peak flows, should indicate
relatively rapid channel migration, i.e., the berm does not have sufficient time to grow
before the channel moves on. In contrast, a relatively static channel (such as those found
along the A4 and B1 channels in Lee Vining Creek, would be needed for a dense riparian
stand capable of trapping sediment from many infrequent high floods to develop a high
berm. However as the scenarios have illustrated, channels with lower gradients (s) can
develop relatively high riparian berms but with relatively frequent recurrences of
overtopping. Therefore, recurrence of overtopping probably is more an indicator of
channel migration than berm height and is a function of channel gradient.

To build the highest 0.5 ft of a high berm (e.g., 1.5 or 2.0 ft) would require much more.
time than building the lowest 0.5 ft. The highest events are typically rain-on-snow floods
that have very brief durations at their highest discharges. Their peak discharge durations
may be measured in hours rather than in days (as for the highest magnitude discharges in
snowmelt generated floods). If the depth of fine sediment deposition is significantly
affected by duration, and we think deposition is, then the greatest snowmelt floods may be
the most important events accomplishing floodplain deposition. These also are the most
infrequent floods.

Extent of Downcutting and Headcutting

The aggradation models also provide insight into the extent of potential downcutting that
has occurred since regulation. The Yellow Bird cross section has a pre-1941 floodplain at
a stage height of 101.3 fi and a contemporary floodplain elevation (the stage height of the
present day Q. s flood) of 99.0 ft (Figure 38). The difference, 2.3 fi, is the extent of
downcutting for this location in the Rush Creek lowlands. Restoration of the Q, s flood
will elevate the rudimentary floodplain to a stage height of 100.0 ft (Figures 38 and 39).

The influence of periodic downcutting and aggradation related to changing lake stage is
undoubtedly a key factor in the pre-disturbance channel morphology. How much we
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can/will incorporate this phenomenon into our restoration vision is unclear as yet.
However, the rapid downcutting in lower Lee Vining Creek in WY1998 and WY 1999
above the washed-out County Road (i.e., not directly related to recent changes in lake
elevation) demonstrates a necessary awareness with any proposed action.

Summary

Our restoration vision for lower Rush Creek is the development of a contemporary,
sustainable aggradational floodplain incised within the pre-1941 aggradational floodplain
(e.g., the “restored” condition of the Yellow Bird cross section in Figure 40). The only
mechanism for repairing abandoned pre-1941 floodplain in the bottomlands is to tear it
down and replace it with another aggradational floodplain constructed at a lower
elevation. Lateral channel migration therefore is the wrecking ball that eventually mitigates
lost aggradational floodplain.

However, several positive feedback mechanisms would, and probably did, prevent this
leveling going unchecked. Surface fluctuations in Mono Lake may have been vital to
initiate extensive filling and downcutting in the lower mainstems. This would have created
a spatial diversity encouraging a wider range of habitats than if lake level remained
stationary. Very large floods would have created channel avulsions that would have re-
directed migration before reaching one valley wall or the other. Multiple channels may
have shared high flows, and therefore slowed the migration rate for any single channel,
thus extending the migration period and permitting other mechanisms (such as those just
mentioned) to check migration in any one direction.

Complete restoration of the channel morphology will most likely require flood peak
magnitudes throughout the range of 600 cfs and 1,000 cfs. Managing for large snowmelt
floods (RI = 20 yrs and greater) must be a high restoration priority. The most vexing
question (or challenging, depending on your perspective) is frequency. How often are
these events needed? The safest recommendation is the natural unregulated frequency.
Given suppression of flood peaks by SCE, followed downstream with additional alteration
by LADWP, even estimation of unregulated flood frequencies has not been
straightforward (Hasencamp 1994). SWRCB Mono Lake Basin Water Right Decision
1631 (1994) requires no peak flood magnitude greater than 300 cfs on Rush Creek and
160 cfs on Lee Vining Creek (refer to Tables 1 and 2 in LADWP February 29, 1996)
though operational limitations would allow higher unplanned releases. Flood peaks higher
than 300 cfs clearly will be needed for creating and maintaining a floodplain ecosystem.

Rush Creek snowmelt hydrographs will be difficult to manage. We recommend that
LADWP estimate unregulated flood hydrographs as a first step toward refining
management of large floods within their present infrastructure. This also was requested by
Mono Lake Committee (via Peter Vorster) in the December’99 Sacramento meeting.
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SCE’s role overshadows many restoration actions for Rush Creek because their operations
impose a major limitation on LADWP’s potential for managing floods. An important use
for our investigation will be to predict the geomorphic and ecological significance of an
altered high flow regime.

How can we objectively recommend acceptable alterations to the natural flood regime?
Clearly stating quantitative objectives is a start. To do this we must understand how major
floods interact with changing channel morphology and riparian vegetation. One important
direction is quantifying the physical role of channel confinement: Can a sustainable stream
ecosystem, characterized by an aggradation floodplain, function as well with 1 ft rather
than 2 ft of aggradation? We do not have an answer yet.
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. Termination Criteria:
Analysis and Discussion

Introduction -

SWRCB Order 98-08 establishes seven termination criteria to be used in determining
when the stream monitoring program may be terminated. Each of these criteria is to
specify specific pre-1941 stream conditions for Rush Creek and Lee Vining Creek.
SWRCB Order 98-08 also stipulated that modifications to the restoration endpoints were
possible: “The monitoring team may, from time to time, reevaluate and if appropriate,
recommend changes in the quantified forms of these criteria, on the basis of improved
understanding of how to evaluate progress in restoring these streams.” Given that one
formal year, and two informal years, of monitoring have passed, this section evaluates the
data and re-evaluates the first six termination criteria. The seventh, size and structure of
fish populations, is addressed by Chris Hunter in a separate report. A table is presented in
the Recommendations (Table 13) presenting the original termination criteria, proposed
termination criteria, and WY 1999 conditions.

" Channel Gradient and Sinuosity

. The restoration termination criteria recognize the importance of changes to channel
gradient and/or sinuosity. These two morphologic variables are highly interrelated. If the
main channel lengthens between two fixed points (i.e., stream corridor distance), then
gradient decreases and sinuosity increases. Measurement of one is essentially measurement
of the other. ‘

The termination criteria for channel gradient and sinuosity are adequate on a large scale.
Gradient and sinuosity for Rush Creek, from the Narrows and upstream, have remained
essentially unchanged, as have both criteria for Lee Vining Creek above Rt. 395. Below
the Narrows, channel straightening has occurred. In Reach 4A, coarse material from the
quarry buried the historic channels: The new channel is relatively straight. The termination
criterion of 1.19 is a reasonable expectation as the thalweg has aiready begun to develop a
discrete meander (field observation). Lower channel segments of Reach 4B exceed the
sinuosity criterion of 1.23 averaged over all Reach B (e.g., the Lower Rush Creek
planmapped segment has a sinuosity of 1.55), whereas upper segments within Reach 4B
do not achieve the average sinuosity. Reach 4B has a gradual slope transition from 0.011
to 0.007. Reach 4C should become highly sinuous given its pre-1941 morphology,
although its major increase in slope (from the Channel 14 cutoff) could affect the
outcome. We will be taking a closer inspection of this reach in summer 2000. The County
Road planmap, containing most of Reach 5A (Ford to County Road), has a sinuosity of

‘ 1.33, close to the termination criteria of 1.39. Mainstems of lower Lee Vining Creek in the
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upper and lower planmaps both have a sinuosity of 1.08. The termination criteria of 1.15
to 1.20 are conservative. The A4 Channel (in the upper Lee Vining planmap) has a
sinuosity of approximately 1.35. '

Another approach to sinuosity is measuring curvature of individual channel bends. Radius
of curvature approximately equals 2.0 to 3.0 times the bankfull width in alluvial rivers
(Leopold 1994). An average radius of curvature (rc), rather than sinuosity, may make
better termination criteria for specific reaches. We have been calculating r. values and
meander amplitudes from historic aerial photos, old meander scars, and contemporary

" meander bends with the goal of substituting sinuosity with r. and/or meander amplitude as
termination criteria.

Lower Rush Creek planmap has several well-shaped meander bends (Plate 6) with radius
of curvatures ranging from 85 to 105 ft. Old meander scars in the same planmap reach,
evident in the 1999 aerial photos, also have similar r. values. Development of cutoff
channels on two of the contemporary meander bends suggests each is approaching a
minimum r. with meander cutoffs imminent. “Over-tightened” meander bends, exhibiting a
high chance of being cut-off, generally have a ro/wis ratio of approximately 1.5 or less
(Leopold 1994). Using 30 ft for wer, the ro/wys ratio is approximately 3.0 for contemporary
lower Rush Creek meanders exhibiting potential cutoffs. This ratio for imminent cutoff
differs sharply from the 1.5 ratio for typical alluvial rivers, and may be important in
predicting channel cutoffs and avulsions.

Radius of curvature will not be constant throughout the long profile of Rush Creek of Lee
Vining Creek. Candidate reaches that appear to have r.’s unlike recovering or historical
channel segments are the same reaches exhibiting simplified thalweg profiles: the mainstem
Lee Vining Creek, the upper half of the A4 Channel, mainstem Rush Creek below the
Ford, and upper Rush Creek near the old Rt. 395 bridge. This is not surprising given
tighter meanders generally produce more diverse thalweg profiles. Generalities require
cautious application. Segments of the B1 Channel appear to have retained their original
planform morphologies yet exhibit only minor curvature (e.g., immediately downstream of
the B1 Connector), whereas other segments have much higher curvatures (e.g., the A4
Channel).

In summary, the termination criteria for gradient and sinuosity may be too robust. Much of
the channel already meets the criteria. We recommend not changing the channel gradient
criteria until a GPS survey is conducted this summer. R. has the sampling advantage of
being readily measurable from aerial photos. Parker and Walker creeks have not lost their
meander curvatures and therefore should not require sinuosity or gradient termination
criteria. We will be proposing an alternate approach for quantifying a historical or restored
condition for channel curvature based in individual meander characteristics. Given recent
advances in GPS, measuring the entire thalweg in three dimensions for the bottomlands of
both creeks is practical and cost-effective.
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Primary Channel Lengths

Increased primary channel length should be attainable by increasing sinuosity first, and
then by creating other primary channels. Our historical analyses (later in this report)
strongly indicate that primary channels required the entire flow regime for their creation.
Stine (1992) shows two channels (1A and 1B) existed side-by-side immediately below the
Narrows. Our analysis of a 1A historic cross section (1B is completely filled-in) concludes
higher flows were needed to overtop the self-forming riparian berm and that the cross
section’s hydraulic geometry was proportioned to accommodate the entire annual flow
regime (refer to Aggraded Floodplain sub-topic). If the 1A and 1B channels equally shared
annual flows, dimensions of the A1 Channel should have been considerably smaller. We
can only conclude that one channel was shaped, and then the other. Once both were
formed, they could overlap in time and even equally share flow for a limited time. The
present day 1A Channel, though isolated from the actively flowing Rush Creek mainstem,
does have very slow moving water contributed from sub-surface flows. From the air, the
1A Channel clearly reflects light off its water surface. The A4 Channel also provided a
useful historic prototype. Again, our analyses showed that the A4 Channel was
proportioned originally to accommodate the entire annual flow regime. For tandem
primary channels to exist, each required the entire flow regime for their original
proportioning.

We are proposing a channel classification system for identifying process-oriented trends in
channel evolution (Figure 41). This detailed level of channel analysis is not possible on the
pre-1941 aerial photographs. Therefore a baseline channel condition developed from the
proposed channel classification is not feasible. Scott Stine’s (1992 and 1992) analysis of
the pre-1941 channels remains the basic authority.

The first branch in the classification is whether a channel is Primary, Secondary, or
Tertiary. The term “proportioned” requires the channel to exhibit floodplain development
at approximately the bankfull discharge (with subsequent deposition onto the floodplain).
A Primary channel therefore produces a floodplain and confines the bankfull discharge. If
the unregulated flow regime were returned to an Incised Primary channel, its floodplain
would still be constructed at a lower elevation than the pre-1941 floodplain.

A Secondary channel may exhibit an adjacent alluvial surface (at an elevation
corresponding to bankfull stage or higher) but it does not contain the entire bankfull
discharge as does a Primary channel. Secondary channels are often initially constructed on
floodplains of Primary channels, but then can evolve into larger Secondary channels as
meander cutoffs. Secondary channels are therefore proportioned for only a fraction of the
total annual flow regime, though this fraction may change rapidly (as in an evolving
meander cutoff). Tertiary channels direct high flow runoff over terraces (greater than
bankfull discharge) and floodplains (high winter baseflows up to bankfull discharge) absent
significant riparian colonization. Terfiary channels on floodplains can evolve into :
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Secondary channels, and possibly Primary channels, once riparian plants establish.

Primary channels that are “victims” of meander cutoffs or larger-scale channel avulsions
can retain their original morphology (i.e., proportioned to accommodate the annual flow
regime) while only receiving a portion of the annual flow regime. Once riparian vegetation
colonizes the channelbed and greatly increases hydraulic roughness, fine sediment
aggradation would aggrade the channel. Victimized Primary channels probably will
evolve: from transporting a portion of the entire annual flow regime, to only transporting
snowmelt baseflows and higher, and finally to transporting solely flood flows. Or being
completely filled-in. Along lower Lee Vining Creek fine sediment plugs indicate former
Primary channels commonly fill (noted on upper Lee Vining mainstem planmap, Plate 1).

The million dollar bend below the lower Rush Creek is a good test of the classification.
The outside bend was an Incised Primary channel transporting the entire regulated annual
flow regime prior to opening the 10-channel. The pre-1941 floodplain is approximately 2
fit higher than the contemporary floodplain. Once the 10-channel was opened, the outer
bend remained an Incised Primary channel, but only as one conducting a fraction of the
total annual flow regime. In 1998 the stream avulsed into the constructed and isolated this
Incised Primary channel. The outer bend is still an Incised Primary channel but now one
that receives flows only greater than Qu.. The cutoff channel was originally constructed as
a Secondary channel transporting a fraction of the total annual flow regime. Following
avulsion its status remains unchanged. As long as the 10-channel (also a Secondary
channel) continues to flow, the cutoff channel will remain a Secondary channel. If the
cutoff channel continues to evolve, being proportioned to carry more of the annuai fiow
regime (pirating more of the high flows from the outer bend), the outer bend will become
colonized by willows (and possibly cottonwoods) and begin aggrading. Eventually the
outer bend will not be proportioned to transport the entire annual flow regime. However
the outer bend will remain an Incised Primary channel because it was originally
proportioned for the entire annual flow regime. If the 10-channel is cutoff in the future
(e.g., its entrance fills-in) and all flow passes through the cutoff channel (i.e., also
assuming the outer bend has completely filled), then the cutoff channel would become an
Incised Primary channel.

Total length of primary channels stiould increase with restoration as sinuosity increases.
However, as the proposed channel classification distinguishes, a restoration goal will be to
transform incised primary channels into un-incised primary channels. This transformation
will encourage future floodplain dynamics similar to the pre-1941 dynamics. While we
consider this goal achievable, we can only broadly predict morphological trends. If we
could confidently predict trends, the transformation from incised to un-incised primary
channel would make a good termination criterion.

Long secondary channels should decrease in number and individual lengths as both
streams recover. Increasing hydraulic roughness of the floodplain and strengthening
streambank integrity should encourage overbank deposition and fill-in long secondary
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channels exceeding ' meander wavelengths. Short secondary channels, the cut-off
channels on individual meander bends, should remain (or increase in number) and
therefore comprise most of the future secondary channel length. The wild card will be
_channel avulsions. We do not know how, as yet, to predict the future role of avulsions in
creating and maintaining a complex secondary channel network.

From a restoration perspective, these observations and conclusions will affect how future
channel networks are managed. Restoration of a primary channel requires the entire annual
flow regime minus a small (undefined) percentage diverted by secondary channels. The

- creation of an impenetrable riparian berm, where no flow escapes anywhere along the
mainstem, is extremely unlikely. Two management actions, both approved by the RTC, -
have created side-by-side primary channels in Rush and Lee Vining creeks. The A4
Channel in Lee Vining may have been the only primary channel before diversions, whereas
the present day adjacent mainstem was formed by the entire regulated annual flow regime.
With the sanction of the RTC, reopening the A4 Channel was originally to redirect only a
small portion of the total flow. However, the A4 Channel is now diverting increasingly
more flow from the mainstem than originally intended. Restoration of either channel, by
floodplain aggradation, is hampered significantly by this artificial arrangement. The same
can be concluded for Channel 10 (a pre-1941 primary channel) and adjacent mainstem in
lower Rush Creek (a post-1941 primary channel). ’

Basically we really do not know how channel entrances function. The unsettled dynamics
of channel entrances recently observed may not reflect the long-term. With mature
cottonwoods and willows established along the banks, future channel entrances may
become more stable, thus permitting two primary channels to coexist more readily than
today’s. With significant floodplain aggradation accompanied by meander tightening,
chances of meander cutoffs or major avulsions at the meanders’ apices (or slightly farther
downstream) should increase. More secondary channels, and occasionally primary, would
be produced. Given the uncertainty, the A4 Channel and Channel 10 entrances should be
kept open until woody riparian vegetation matures (reaches 1 ft diameter) even at the
expense of hampering recovery of their respective mainstems. '

The present termination criteria for primary (or “main”) channel lengths will not be a
decisive factor directing restoration. Other termination criteria already recognize
morphological deficiencies, i.e., the low sinuosity in both channels and the high thalweg
variance in 5A (thalweg variance not measured in the 4C channel). Recovering main
channel in Reach 5A is expected, but complete recovery in Reach 4C may not. Cutting off
the extensive Channel 14 loop greatly increased gradient. Lowering slope by increasing
sinuosity alone may not be expected to compensate for this sudden gradient change
imposed on the channel.

Inclusion of primary channels as reach-specific termination criteria (expressed in feet
restored) needs overhauling or elimination. We favor the later, but do not object to
keeping them as they are; only Reach 4C may have an unrecoverable channel length. We
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will be prepared at the end of this summer-fall sampling period to provide a specific
number of feet for Reach 4C. Our proposed channel classification, undoubtedly to
undergo revision, may get us closer to understanding the complex channel dynamics of the
bottomlands. However, the detail of pre-1941 aerial photos is not sufficient to apply this
classification system as termination criteria. Although recovery will be hampered, we are
in favor of keeping the 10-channel and A4 channel entrances open until woody riparian
vegetation matures.

Channel Complexity

Complexity of the thalweg profile was given as potential termination criteria. Measuring
complexity seemed at first straightforward: quantify the variation of the residuals predicted
from a linear regression fit to the thalweg profile. A thalweg profile was surveyed with
measurements taken wherever a change in thalweg elevation was encountered. These
profiles are provided for all planmap reaches in Appendix B. A linear regression was then
fit to a thalweg profile, creating a set of residuals. A residual is the difference (in ft)
between a predicted thalweg elevation (from the regression equation) and the observed
thalweg elevation as portrayed in Figure 42. Positive residuals represent riffles, whereas
negative residuals represent pools. Next a frequency distribution of the residuals was
plotted. Simple statistics were calculated to describe this frequency distribution including
the mean, variance, and standard error. We initially hypothesized that the thalweg’s
residual variance would be less in more altered channel segments, and that this variance
could be used as a restoration endpoint. Recovering stream channels would not be
considered “restored” until their thalweg variances equaled or exceeded a threshold
variance associated with restored channels. In this way, thalweg variance would be a
measure of channel complexity and a quantitative restoration endpoint.

Before testing this approach in the Mono basin, control channel reaches were required,
i.e., channel segments representative of the pre-1941 morphology. Larsen (1994) was
directed by the RTC to examine historic channel morphology in selected reaches that
remained in their original configuration. The two most preserved sites were: the lower
segment of the 1A Channel approximately 500 ft below the Narrows in Rush Creek and
the lower segment of the A4 Channel in Lee Vining Creek (Plate 2). Larsen also identified
another reach in Rush Creek, labeled “Yellow Bird”, that was once the historic channel
and remains the present day channel. This site is 500 ft downstream of the 1A Channel.

The 1A (Rush Creek) and A4 (Lee Vining) historic channel segments provided the best
control segments needed to evaluate our initial hypothesis of using thalweg variance to
measure complexity. Thalweg variances of the 1A and A4 channels were expected to
exceed thalweg variances of nearby contemporary channels, i.e., pre-1941 channels were
structurally more complex. The most ideal paired comparison was between the A4
Channel (Plate 2) and upper Lee Vining mainstem (Plate 1). Another was the comparison
between Yellow Bird and the 1A Channel in lower Rush Creek.
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Residual thalweg variances were calculated for all planmap reaches and control channels
(Table10). Upper mainstem Lee Vining channel had a higher thalweg variance than the A4
Channel, opposite our prediction. Yellow Bird reach also had a higher variance than the
1A Channel. Other computed variances loosely conformed to a similar trend: historic
channel morphology has a lower, not higher, thalweg variance. But lower Lee Vining
Creek B1 and mainstem had the opposite relationship (Table 10). Perhaps the most
intuitively clear distinction is the high variance of the County Road channel compared to
lower variances of classically meandering channels (1A, Yellow Bird, and lower Rush
Creek): 0.403, 0.566, and 0.492 respectively. Based on historic aerial photographs (Stine
1992), a restored lower Rush Creek County Road channel should be more meandering.
Unlike the few other surviving B1 segments, upper Lee Vining Bl profile (not
planmapped) is straight, narrow, and deeply incised. This reach’s low variance (0.097)
may be outside the norm. Channel 14 in lower Rush Creek was not surveyed for its
thalweg profile, now mostly buried in sand. However, the upper portion is not buried
(approximately 400 ft) and should be surveyed. Our field notes document a uniform
channel, i.e., it would have a low thalweg variance.

Thalweg variance has promise as quantitative termination criteria. For example, the
County Road channel probably should have a restored thalweg variance near 0.400 rather
than its present 0.824 variance. This would require a more sinuous and confined channel
than presently exists, fitting-in well with our vision of channel restoration. The method’s
greatest limitation is availability of control channels. Rather than relying on control
channels, we are exploring ways to predict a restored thalweg profile using basic alluvial
channel morphology. Also there are many ways to describe the frequency distribution of
thalweg residuals other than as a sample variance. We are plotting frequency distributions
for the negative residuals (pools) independent of the positive residuals (riffles) as another
possibility for quantifying structural channel complexity.

Thalweg profiles have other uses beside termination criteria. By regressing a linear trend
through the thalwegs of riffle crests, we can evaluate whether the channel is downcutting
- or aggrading. The change in the regression’s intercept indicates the extent of downcutting

or aggradation. Cross sections generally cannot document channelwide trends unless the
change is dramatic. Three years of thalweg profiles regressed through the riffle crests in
lower Rush Creek planmap site (Figure 43) show no downcutting. Yet, a 0.5 ft change or
less would have been detectable. The change in positive and negative residuals also
provides an objective methodology for documenting trends in pool and riffle abundance.
The relatively low thalweg variance in meandering channels (compared to straight cobble
reaches) suggests that structural complexity may have been more a product of LWD
accumulation, rather than channelbed topography. This in turn suggests that hydraulic
roughness of pre-1941 channels may have been very high, particularly for flood flows.

In summary, insufficient historic thalweg profiles make any detailed recommendation of
thalweg variance as a termination criteria conditional at this stage of our investigation.
However, lower variance is indicative of the pre-1941 channel condition. Thalwegs

MCcBAIN & TRUSH 26
APRIL 2000
FINAL



MONITORING RESULTS AND ANALYSES FOR WY1999: LEE VINING, RUSH, WALKER AND PARKER CREEKS

surveyed indicate maximum residual variances of 0.040 to 0.045 in lower Rush Creek and
lower Lee Vining Creek are reasonable upper limits for a pre-1941 condition. Most
contemporary reaches have higher variances, the most conspicuous being the County
Road planmap reach and Lee Vining mainstem.

Channel Confinement

A channel with confinement can constrict high flow. There are several ways to
permanently or temporarily constrict high flow: increasing bank roughness (hydraulic),
bank aggradation, channel downcutting, and by ice formation. Hydraulic and aggradational
confinement are highly interrelated. Dense vegetative growth on the floodplain increases
resistance to flows to hydraulically keep most high flow in the main channel meanwhile
creating an ideal environment for depositing fine sediment with very slow settling
velocities on the banks and floodplain. The next flood encounters higher banks, and
therefore greater confinement. During rain-on-snow floods, the sudden peak runoff can be
confined by ice or dense snow along the stream banks. The same peak discharge without
being “walled-in” by snow banks may be only half as deep in the main channel. Channel
downcutting tends to create steeper banks (at least temporarily) and thus constrict higher
flows.

Channel confinement is a process and therefore should be measurable as a rate. It 1sa
force per unit area and can be quantified by the depth-slope product estimating T
(equation (2)). A uniform riffle that has the same slope and width (i.e., the same S and wis)
but is narrower and deeper (i.e., a higher d) will have a greater T, at the same flow.
Therefore, T, for a given flow magnitude or recurrence interval (e.g., Q1) quantifies
channel confinement; ©'; can be used to predict changes in channelbed composition (the
Ds, and Ds,) as T, changes. Bankfull width, although easy to measure off aerial
photographs, is not a sufficient measure of channel recovery because it does not consider
channel confinement. That is why we do not recommend channel widths as termination
criteria. A contemporary channel with 0.5 ft banks and an historic channel with 2 ft banks -
may have the same (or similar) width but will function very differently.

The initial step in our investigation of channel confinement was to estimate s for the
unregulated Q, s flood of 400 cfs in pre-1941 channel segments. The two historic sites in
lower Rush Creek (XS02+03 in the 1A Channel and Channel 14) and XS06+80 in the A4
Channel of Lee Vining Creek had <, ranging from 0.40 Ibs/ft” to 2.66 Ibs/ft” (Table 11).
XS05+45 in upper Rush Creek, with a cross section shape relatively unchanged from its
pre-1941 morphology, had a similar 1 value (1.52 Ibs/ft®) as the 1A Channel and Yellow
Bird crossections (1.46 lbs/ft and 1.30 Ibs/ft?) for the unregulated Qi .5 and similar slopes '
{0.0145, 0.0110, and 0.0110 respectively). Whereas, XS05+07 in lower Rush Creek (with
projected floodplain aggradation) had 1, at unregulated Qy s approximately double (1.49
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Ibs/ft*) that of the Channel 14 cross section (0.40 lbs/ﬁz), but also a higher slope (0.0092
compared to 0.0019).

The steeper the slope on Rush Creek, the higher 1 at unregulated Q, s (Figure 44). Only
those contemporary cross sections that have minor morphological changes since 1941
(XS05+45 on upper Rush Creek) or can be reconstructed to a restored condition (i.e.,
aggraded 1.5 ft above its pre-1941 floodplain) were plotted. More points are needed
before completely quantifying a slope-to-t, relationship for Rush Creek. However, the
magnitude of change in T, between pre-1941 and contemporary morphology can be
appreciated by computing 15 at the contemporary regulated Q, s of 150 cfs (for Rush
Creek) and plotting computed 1 as a function of slope. The difference in intercept of the
two regression lines (Figure 44) helps quantify the restoration challenge ahead.

More work is needed to quantify a slope-to-t, relationship for Lee Vining Creek. When
lower Lee Vining Creek lost its pre-1941 floodplain and terraces, the channel also lost its
confinement .- The same flow in the relatively narrow and deep pre-1941 channel
morphology of lower Lee Vining Creek would have produced greater 1 than the
contemporary channel that is wider and shallower. A paired comparison between
XS06+80 on the A4 Channel and XS13+92 on the adjacent mainstem illustrates the
dynamics of channel confinement. The contemporary T, (at a regulated Q.5 flood of 180
cfs) for the mainstem XS (2.16 Ibs/ft’) is approximately 0.5 Ibs/ft” less than 1, for the A4
channel (2.66 Ibs/ft%) (at an unregulated Q, 5 flood of 265 cfs). If a restored XS13+92 is
projected by vertically aggrading the banks at stations 42 ft and 65 ft on the cross section,
~ the water elevation producing a 265 cfs flood is 6540.0 ft (Figure 45). The 1y at this

" elevation is 3.35 Ibs/f%, substantially higher than the A4 channel at the same unregulated
Q..s. Why the big difference, even though their average depths are 1.74 ft and 1.75 ft at
_unregulated Q; s? Slope of the A4 Channel is 0.0245, whereas slope of the adjacent
mainstem is 0.0307. The A4 Channel is relatively sinuous; without sinuosity (i.e., the
longitudinal profile does not trace the thalweg), an A4 Channel slope of 0.0300 would be
similar to the mainstem slope. For Lee Vining Creek, increase in confinement and greater
sinuosity will be required for channel restoration.

In summary, the intercept of a linear regression, with slope as the independent variable and
1y as the dependent variable, could serve as a quantitative restoration endpoint. In Figure
44, the pre-1941 regression line would be the restoration endpoint for channel
confinement; the contemporary regression line represents present-day confinement if the
annual maximum flood frequency curve stays the same. Accurate slope measurement is
critical to realistically estimate 1y; distributing sample sites evenly throughout the channels
would require a slope measurement for each, and consequently an extensive sampling
program. Instead, cross section selections should be located within the planmapped sites
where extensive slope estimates and cross section surveys have already been made. A few.
additional cross sections could be added that have slopes not encountered in the
planmapped channels.
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Individual cross sections will shift from their contemporary condition to the pre-1941
condition in Figure 44 several ways. Once the annual flow regime changes, the Qs flood
will increase. Average depth at the new Q,.s will increase, and therefore so will 1,. Some
segments of Rush Creek should achieve their endpoint T, simply when releases of
approximately 400 cfs occur at a frequency characteristic of the unregulated bankfull
discharge (e.g., Upper Rush Creek). Other segments will require additional floodplain
aggradation to increase confinement (e.g., lower Rush Creek). Still other Rush Creek
segments (e.g., County Road planmap site) will require aggradation and greater sinuosity
(to reduce high flow slope). On Lee Vining Creek mainstem, significantly more
aggradation and greater sinuosity will be necessary to achieve. the pre-1941 confinement
condition (i.e., the pre-1941 regression line in Figure 44).

Confinement only has been presented relative to the bankfull stage, when flow
theoretically begins to spill across an unaggraded floodplain. The bed averaged shear
stress () at bankfull stage significantly mobilizes the general channelbed. But the historic
cross sections show constrained flow at higher stages. Did Rush Creek and Lee Vining
Creek require much higher shear stresses to shape and maintain their channel morphology?
Or did most floods overtop the banks then spread throughout an extensive floodplain, thus
minimizing the increase of flow depth in the main channel and ultimately minimizing
increases in shear stress? To answer these questions, we must gain a greater understanding
of floodplain aggradation.

Riparian Vegetation Acreage

Lee Vining Creek

Along Lee Vining Creek, below the diversion structure and above Rt.395 (Reach 1 and
Reach 2), quaking aspen, Jeffery and lodgepole pine dominate riparian plant stands. In
1989 riparian vegetation coverage was already within 0.5 acres of the SWRCB
termination criteria in Reach 1, and 5.6 acres in Reach 2 (Table 6); for this reason we did
not re-map vegetation within these reaches. We mapped riparian vegetation in Reach 3,
downstream of Highway 395 within the valley wall (Plates 10 to 13). In Reaches 3A and
3B riparian vegetation recovery was within 10 acres-of termination criteria and in Reach
3C riparian vegetation coverage was within 0.1 acre (Table 6).

Rush Creek

Unlike Lee Vining Creek, riparian vegetation along Rush Creek survived de-watering and
was never exposed to catastrophic fire (Plates 14 to 20). Riparian vegetation cover has
met the termination criteria in some reaches, while still requiring over 20 acres of cover in
others (Table 7). Below the Narrows, the Rush Creek riparian corridor reaches its greatest
width. Channel incision due to receding lake level becomes increasingly evident below the
Narrows. Some pre-1941 riparian vegetation survived on former floodplain, now perched
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above the present floodplain; only increased ground water levels resulting from rewatering
sustain it.

During vegetation mapping we defined 14 geomorphic units in the Rush Creek riparian
corridor (Table 12). Lee Vining Creek geomorphic units were also mapped using similar
definitions. Making up 17% of the total corridor area, portions of the riparian corridor

~ have been created since 1941 and vegetated since 1987. Pre-1941 floodplain/low terrace,
evidenced by the mature/senescent riparian vegetation covering these surfaces, currently
makes up 36% of overall corridor area. Pre-1941 middle terraces and the remainder of the
geomorphic units that fall within the valley are covered with desert vegetation and have
not been historically fluvially active. :

Rush Creek Reach 2 cuts through Tioga age glacial moraine. Riparian vegetation has
passed the termination criteria coverage recommended by SWRCB (Table 7, Plate 20).
Half of the mapped vegetation in this reach is a mixture of riparian vegetation (48%) and
transition vegetation (4%). The riparian corridor is narrow, and riparian vegetation has
few opportunities to expand in width.

Reach 3A is alluvial, beginning where Rush Creek leaves the Tioga moraine, and most:
mapped riparian vegetation within this reach survived the dewatering period (Plate 20).
Riparian vegetation coverage is within 4.5 acres of the SWRCB termination criteria (Table
7), and comprises nearly 1/3 of the mapped vegetation in this reach. Vegetation coverage
within the riparian corridor is a mixture of desert (66%), riparian (31%) and transition
(2%) stand types. The width of riparian vegetation along the stream and its distributaries is
1 to 2 plants wide. At the rate of recovery since 1989, riparian vegetation cover within this
reach should attain the termination criteria by 2009.

Reach 3B is characterized by the same channel characteristics as Reach 3A, however in
this reach the riparian vegetation did not survive and much of the pre-1941 floodplain has
been scoured and abandoned (Plates 19 and 20). Throughout Reach 3B most riparian
vegetation has been planted or naturally recruited. Riparian vegetation cover is within 0.8
acres of the SWRCB riparian vegetation coverage termination criteria (Table 7).
Historically however this reach had much more riparian vegetation cover (Stine 1992).
LADWP has recently removed a berm and rewatered a channel, which should lead to a
large increase in riparian vegetation cover along the rewatered channel. Currently within
the valley walls riparian stand types (5.5%) and transition stand types (0.3%) vegetation
comprises only 6% of the total vegetation cover, while desert stand types makes up the
remaining 94%. This reach has effectively met the “recovered” riparian vegetation
acreage, but this “recovered” coverage does not consider stand structural qualities or self
sustaining plant populations. The re-watered reach presents an excellent opportunity to
study riparian woody species recruitment requirements.

Human disturbance in combination with water diversion has influenced vegetation pattern
in Reach 3C and 3D (Plates 18 and 19). The stream becomes more confined between
valley walls and steeper (in many respects similar to Lee Vining Creek Reach 2). Desert
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vegetation is over 85% of the total riparian corridors vegetative cover. Riparian vegetation
recovery within Reach 3C is within 3.1 acres of the SWRCB termination criteria (Table
7), and if current trends continue, is forecasted to reach this target by 2007. Riparian
recovery in reach 3D is 5.3 acres from the termination criteria, and if current slow rate of
vegetation recovery remain, this reach is forecasted not to fulfill the termination criteria
until 2080. Reach 3D is the only reach within the Rush Creek corridor that will not reach
termination criteria coverage by 2025.

Reach 4A-C begins downstream of the Narrows and extends to the County Road Ford
(Plates 16 to 18). Below the Narrows the Rush Creek bottomlands begin and the riparian
corridor reaches its greatest width. Most mature riparian vegetation is a remnant of the
forests that covered this reach before diversion. Channel incision due to receding lake
levels becomes increasingly evident downstream from the Narrows downstream. Although
some pre-1941 riparian vegetation survived, it is now perched on a high terrace and
sustained only be increased ground water levels from rewatering. Reach 4A-C ranges from
2.4 to 24 acres of the SWRCB termination criteria (Table 7), though current trends
riparian vegetation recovery have been slow. Riparian (35%) and transition (17%) plant
stands comprise 52% of vegetation coverage within the valley wall. Reach 4A-C has
aquatic vegetation in pocket wetlands and in historic channels. Using the rate of riparian
vegetation coverage increase since 1989, Reach 4A-C should attain the termination
criteria by 2025. '

Downstream of the County Road Ford in Reach 5A and 5B, Rush Creek is incising
through volcanic ash; the rate of incision has exceeded 20 feet in some areas since 1981.
Riparian vegetation recovery has been affected by patterns of channel incision and flood
scour. Although there are many geomorphic units that could have supported riparian
regeneration, channel incision rates have prevented significant colonization. Reach 5A, the
last reach considered in the SWRCB riparian vegetation cover termination criteria, is still
over 18 acres from meeting the criteria (Table 7). Riparian and transition plants stand
types compose 42% of the total vegetation cover. If the current rate of recovery since
1989 continues, the termination criteria will be met by 2020.

Reach 5B is not included in SWRCB riparian vegetation cover termination criteria because
it has been created since diversion began. However vegetation in this reach serves an
important role for migrating waterfowl. Aquatic vegetation acreage is the highest of any
Rush Creek reach (making up a little more than 3% of the total vegetation cover). The
Rush Creek delta is a combination of narrowleaf willow thickets, grassland and aquatic
vegetation (Plate 15). -

Walker Creek

Walker Creek does not have well-defined riparian vegetation recovery criteria, nor a well-
defined stream corridor.- Grazing and streamflow diversion have influenced vegetation
patterns and the subsequent recovery of riparian vegetation. Our riparian acreage data are
not yet comparable to Jones and Stokes (Table 8). Riparian vegetation has its greatest
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coverage and width in reaches above old Highway 395 (Plates 21 to 24). Below new
Highway 395, the riparian corridor is rarely more than two or three tree/shrubs wide on

either side of the creek.

In summary, Tables 6 and 7 are our best riparian acreage assessment of recovery toward
the termination criteria. As discussed, a variety of problems have prevented complete
compatibility between all studies. The pre-1941 acreage, originally established in SWRCB
Order 98-05, still serves adequately as termination criteria. Riparian vegetation cover
acreage do not address the age structure, species diversity, canopy architecture, natural

recruitment or other important vegetation “qualities” mandated in the SWRCB order.

Measures of stand “quality” or development, such as canopy, species and age structure,
are not currently considered as termination criteria, because quantifiable pre-1941
reference conditions do not currently exist. We are working on developing quantifiable
criteria that define “self-sustaining” and “healthy” for the pre-1941 riparian corridor
condition. This will be the focus of our upcoming field season, starting mid-May.

Parker and Walker Creek Termination Criteria

Establishing physical termination criteria for Parker and Walker Creeks is unwarranted.
We anticipate no changes in main channel length, channel gradient, channel sinuosity,
channel confinement, or variation in thalweg profile. However, planmap segments, aerial
photos, thalweg profiles, and cross sections have been established in both creeks below the
diversion points to establish long term monitoring sites. Restoration criteria for riparian
acreage are appropriate, but have not been resolved. We have identified short segments of
banks that had been impacted by human use, but are recovering. We need to better

_quantify potential restoration acreage to facilitate riparian recovery and report as

termination criteria.
Channel Projects: Past and Future

WY1999 Channel Projects

The following channel projects were accomplished in WY 1999 as outlined in the Mono
Basin Stream and Stream Channel Restoration Plan (LADWP 1996):

(1) Two overflow channels in Reach 3A of upper Rush Creek, blocked by artificial
boulder berms, were opened. Portions of both berms were excavated down to the
original channelbed surface to create flow entrances. No modifications were made in
either overflow channel, together totaling 980 ft;

(2) Flow entering the left side of the mid-channel island located immediately downstream

" of the Upper Rush Creek planmap (Plate 5) was diverted into the historic channel
network of Reach 3B. Rather than diverting at the head of the island, a lower break in
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the left bank closer to the bottom of the island became the diversion site. No
modifications were made in the historic channel, given the purpose of the re-watered
channel was groundwater recharge to promote riparian vegetation growth;

Stumps stored at the Cain Ranch, and originally obtained from a local highway widening
project, were helicoptered into Rush Creek and Lee Vining Creek. A video documenting
placement is available from LADWP.

WY2000 Channel Projects and Management Actions

We recommend the following near-term management actions for WY2000:

a)

b)

)

o

8)

maintain the A4-mainstem entrance on lower Lee Vining Creek and the Channel 10
entrance on Lower Rush Creek as riparian trees mature, while recognizing the
potential rate of floodplain aggradation (i.e., primary channel restoration) will be
impaired,

allow the present bar dynamics of the Rush Creek mainstem, upstream of the
planmapped reach, to continue. This may result in most flow being diverted into
Channel 10, and possibly requiring a future maintenance decision on the mainstem’s
fate adjacent to Channel 10,

re-evaluate the restoration plan’s mandate to open the Channel 4 link (LADWP 1996,
p.70), though we presently are inclined against it. This project is not an issue of cost
(very minor to make this linkage), but of purpose. This linkage was to improve
recharge of the extensive pre-1941 floodplain containing the complex plumbing of the
Channel 4 (Stine et al. 1994, p. 23). Recent aerial videos and field inspections show
water availability has greatly improved in this area (via elevated groundwater
contributions and some surface water flow during recent peak flow events). We are
concerned that the proposed diversion of 10 cfs will have a negative cumulative effect
on fishery baseflows. We are also sensitive to past efforts originally intending to divert
a few cfs, but that eventually divert more;

not consider linking the 1A Channel to the present day mainstem as originally
proposed in the restoration plan (LADWP 1996, p. 70). The entrance would likely
capture a significant proportion of the total flow and significantly impede restoration
elsewhere; '

take no action on the proposed Channel 14 project (LADWP 1996, p. 71). Given
recent developments (the 10-channel falls creating a backwater and diverting several
cfs across the Channel 13 complex and into Channel 14), purposes of this project are
presently being mostly satisfied (except for the lower half of Channel 14, which is not
being re-watered);

design and permit the Reach 3D project in WY2000 as stated in the restoration plan
(LADWP 1996, p.70); :
evaluate the WY 1999 projects and make physical changes, if needed.
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Suminary

The two primary restoration strategies will be releasing appropriate annual flow regimes
" and planting wherever natural recovery of the pre-1941 aggraded floodplain is unlikely.
Continued elimination/restriction of livestock grazing also looms critical. Other lesser
strategies may have major local impact. Maintenance of the County Road crossing in
lower Rush Creek is extremely important in stabilizing grade control for a recovering
alluvial channel.

Of them all, determination of “appropriate” annual flow regimes is the most critical to long
term recovery. Annual flow regimes without peak floods exceeding the unregulated
bankfull discharge (Qs.yr) cannot achieve channel confinement. An aggrading point bar on
the inside meander bend needs peak flows in excess of Q5. to encourage deposition. As
the floodplain widens in our simplified aggradational floodplain model, greater and greater
magnitude flows would be required to initiate point bar deposition. Without deposition
above the bankfull stage, bankfull channel width cannot be maintained in the migrating
channel.

Monitoring is demonstrating that Rush Creek and Lee Vining Creek, especially in their
most impacted bottomlands, behave physically as contemporary alluvial channels. This will
help considerably in formulating, and justifying, appropriate annual flow regimes. We
mentioned that the “wrecking ball” of lateral channel migration will be nature’s way to
remove stranded floodplains (resulting from man-induced incision), then to rework the
alluvium (of these former floodplains) into a new floodplain. There are several hitches to
this expectation. The elevation of this new floodplain probably will not be as high as the
pre-1941 floodplain throughout much of lower Rush Creek and Lee Vining Creek. The
difference in elevation will depend on channel location and peak flow releases.

Part of our study and monitoring is to determine what happens geomorphically and
ecologically with varying degrees of partial confinement. Can we translate Ibs/ft? into
ecological structure and function? Although riparian berms reached 2 ft or higher on the
pre-1941 aggraded floodplain, would a 1.0 ft high or 1.5 ft high berm be satisfactory? Will
the Yellow Bird reach be an acceptable restoration template: recreating a dynamic
contemporary aggraded floodplain nestled within its former aggraded floodplain? At the
Yellow Bird site, elevation of the restored aggraded floodplain would approximate the
elevation. of the pre-1941 floodplain. Provided this reach maintains its planform geometry
(and therefore its slope), pre-1941 and restored bed averaged shear stress (1s) would be
about the same if a 1.5 ft berm was maintained. '

The last hitch is that natural recovery may take too long for many concerned people. Can
we rebuild and repair Lee Vining Creek and Rush Creek faster than mother nature heals?
Possibly, by accelerating certain processes. Placing large wood into the channels clearly
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compensates the relatively slow growth (relative to our human itch for change) of fast-
growing cottonwoods. Female cottonwoods may be lacking in lower Rush Creek (with
obvious consequences) based on our recent surveys. This can be remedied by planting.
Even paying attention to the specific planting location of these female cottonwoods could
accelerate recovery. As illustrated in Ridenhour et al (1995), trees planted 10 fi to 20 ft
landward and downstream from a meander bend apex would permit sufficient time for
significant growth (greater than 1 ft diameter) before the migrating channel undercuts and
topples them into the channel. For example, a good planting location would be near the
left bank pin of XS07+25 on the lower Rush Creek planmap site (Plate 6).

The pre-1941condition will not be achieved before Mono Lake reaches 6,392 feet,
especially for lower Lee Vining Creek. One reason is that woody riparian vegetation
requires more time to mature than is likely needed to fill Mono Lake. Lower Rush Creek
is not as far from reaching a functional aggradational morphology, though the extent of
aggradation needs considerable recovery still. Additional confinement must be expected of
the stream restoration flows (SRF’s). Real uncertainties in achieving restoration will be:
(a) sustainability of the creek’s multiple channel network as primary and/or secondary

~ channels, (b) the continuing geomorphic response of Rush Creek’s Reach 4B to major
slope changes, (c) availability of fine sand and silt to adequately aggrade lower Lee Vining
floodplains, and (d) the influence of large woody debris (LWD) on channel morphology
and flood stages once the riparian forest matures. All are highly interdependent, dominant
physical factors contributing to both streams’ potential to sustain trout habitat.

The termination criteria are imperfect indicators of a functional and self-sustaining stream
ecosystem or, more generally, of stream ecosystem integrity. There are no perfect
measures. The criteria will not provide timely feedback (i.e., before Mono Lake fills) for
evaluating and adjusting recommended SRF’s. The desire to secure formal closure has
merit for all concerned parties. But at the expense of this desire, we may be guilty of
trying to fit round pegs into square holes. The pegs are the termination criteria, and the
squares represent our educated guess of what these streams should look like and how they
should behave. One way around this is to make the square so large that almost any peg
will fit. Some termination criteria and restoration language fall into this solution. The
healthy stream condition described in SWRCB Order 98-05 is too broad. A restoration
program will not benefit from objectives and goals that are too general. It certainly will
not provide closure.

So how small should the “square” be and how long should we wait before the peg fits?
We doubt the square can be made significantly smaller given our ignorance. Luna Leopold
(1994, pp. 280-281) sums it (our ignorance) gracefully in:

" At any moment of time and at each location in the channel, if the available stress is
greater than the resisting force, sediment in motion will be deposited. As these local
events occur, the stress structure of the channel is altered until, as suggested by Gilbert,
there is an equality of action along the channel. The steady state is an average condition:
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the hydraulic parameters are constantly adjusting, rapidly and materially, as the water
discharge and the sediment it caries vary through time. Low Sflow is followed by flood
followed by low flow, each of different duration depending on the nature and location of
the rainfall or snowmelt. To accommodate these various changes the interdependent
hydraulic variables will change in any of several combinations of values.

‘There is not just one way these factors will change. The immutable physical laws of
conservation of energy and conservation of mass can be satisfied by many combinations -
in fact, the particular values that will exist at any moment of time and place are
indeterminate. Moreover, adjustment o the initial perturbation takes time and may not
be completed before another chance event disrupts the condition, causing readjustment
10 begin anew. Indeterminacy is a principle long recognized in physics, but applicable
also to fluvial sciences.

The bottomline is that the channels, if given adequate flow regimes, may take a variety of
only partially predictable pathways to recovery. The key to restoration is providing
adequate annual flow regimes that will create and maintain a self-sustaining, aggraded
floodplain ecosystem after Mono Lake fills, while recognizing we may not be able to
predict the “final” dimensions of this dynamic floodplain ecosystem. The most important
objective of our study is to identify and quantify these adequate annual flow regimes.

Planting can help heal alluvial surfaces that once were capable of sustaining riparian
vegetation but are no longer capable. Part of our study is to give natural recovery time,
but meanwhile identify where riparian plant recovery is very unlikely and why. Just below
the Narrows, the pre-1941 floodplain was buried under quarry tailings deposited from a
late-1960s flood along the east-side of the stream corridor. This surface would be an
excellent candidate for creating (by planting) an extensive Jeffrey pine stand. It is a good
choice because of its slow growth and riparian affinities, and has been slowly expanding
downstream of the Narrows. Adopting this strategy recognizes that the pre-1941
condition is not a reasonable restoration goal. The cottonwood forest that once occupied
this location has no chance of coming back anytime soon. Only re-working this coarse
sediment into a contemporary floodplain via channel migration can accomplish
cottonwood recovery here. In the meantime (many decades), a Jeffrey pine forest is a
viable alternative.

Black cottonwood seedlings and saplings have begun to radiate from surviving ‘
populations along Lee Vining Creek, but not in the Rush Creek bottomlands. Black
cottonwood stands are recovering in lower Lee Vining Creek, yet may not populate
floodplains rapidly enough to promote sufficient deposition and channel confinement.
Many black cottonwoods survived dewatering below the Narrows although very few are
female. We seldom observed their seedlings or younger age classes. Has timing of peak
flows been too altered and/or are there simply not enough viable seeds? If biack ‘
cottonwood planting continues, special emphasis must be placed on selecting similar
numbers of male and female cuttings.
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For most alluvial surfaces in the bottomlands of Lee Vining Creek and Rush Creek,
planted black cottonwoods will not re-establish self-sustaining stands. Without the
exacting conditions for successful seedling establishment created by frequent flooding,
only one age class will survive (the age class planted) on the pre-1941 aggraded
floodplain. Suckering is a way of establishing new age classes absent periodic flooding,
but probably does not sustain stands (more to say on this). But a rationale for planting the
pre-1941 aggraded floodplain (and lower surfaces) can be sound. As lateral migration or
avulsion eventually removes former floodplain, mature planted cottonwood and Jeffrey
pine will be undermined and toppled into the channel as LWD. Establishment of a Jeffrey
pine forest or black cottonwood stand will influence stream microclimate and encourage
recruitment of understory species. The recent headcutting of lower Lee Vining Creek
above the County Road blow-out has stranded even contemporary floodplains. These
surfaces, once capable of establishing riparian vegetation under specific flow regimes, are
now too high to flood frequently. Plantings in the early to mid-1990s anticipated timely
mitigation to headcutting in the late-1990s.

Adding sediment to the channel may be the ultimate attempt to accelerate recovery in
lower Lee Vining Creek. The restoration strategy, to date, has been to guarantee that
coarse and fine sediment is available to the mainstems for redistribution downstream.
Sediment addition would accelerate floodplain deposition (in conjunction with high flows)
and greater channel confinement.

Recommendations

Additional Monitoring Recommendations for WY2000

e GPS entire thalweg profile for lower Rush and Lee Vining creeks, including several
historic primary channels (e.g., Channel 10 and Channel 14)

e Explore the feasibility of installing a continuously recording gaging station in lower
Rush Creek (near the Ford or County Road)

e Include additional XS’s for developing a better slope-bed shear regression for use as
termination criteria

e Continue tracking contemporary headcutting up Lee Vining Creek (mainstem and B1
Channel)

Termination Criteria Recommendations

e Channel Gradient and Sinuosity. Original termination criteria, proposed termination
criteria, and WY 1999 conditions for channel gradient and sinuosity are presented in
Table 13. Recommended changes to the termination criteria were based on our
inspection of the historic data developed by Stine, as well as on field inspections using
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recent aerial photos. Changes to the channel gradient criteria will be proposed at the
end of this sampling season; we plan to survey thalweg elevations using GPS. Reach
4C in the Rush Creek bottomlands may have an unrecoverable pre-1941 channel
gradient and sinuosity given its major change in slope caused by cutting-off Channel
14. We will be prepared at the end of this monitoring year to provide specific
termination criteria for Reach 4C (i.e., this reach will require more than GPS
surveying).

Primary Channel Lengths. Original termination criteria, proposed termination criteria,
and contemporary mainstem channel lengths are presented in Table 13. Recommended
changes to the termination criteria were based on our inspection of the historic data
developed by Stine, as well as on field inspections using recent aerial photos. Inclusion
of primary channels as reach-specific termination criteria (expressed in feet restored)
needs overhauling or elimination. We favor the later, but do not object to keeping the
original termination criteria for primary channel lengths. Reach 4C in the Rush Creek
bottomlands may have an unrecoverable pre-1941 primary channel length given its
major change in slope caused by cutting-off Channel 14. We will be prepared at the
end of this monitoring year to provide a specific channel distance for Reach 4C. We
have proposed a channel classification protocol to better quantify primary and
secondary channels, but need input from others before embarking on reach-wide
channel classification. This protocol cannot be performed on early aerial photographs
for all channel reaches; therefore, a complete set of pre-1941 channel distances (as
termination criteria) based on this protocol would not be possible to quantify.
Predicted trends in channel evolution might substitute as termination criteria. In part,
some discrepancies in channel distance between the pre-1941 lengths and
contemporary lengths are a product of aerial photo scale and the lack of
orthorectification.

Variation of Thalweg Profile. Adoption of thalweg profile variation as a measure of
channel health or recovery is experimental. Surveyed thalweg profiles indicate residual
variances of 0.040 to 0.045 in lower Rush Creek and lower Lee Vining Creek (Table
10) should serve as general termination criteria. More study is needed before
recommending specific thalweg profile variances for each designated channel reach.

Channel Confinement. Greater confinement, by simply aggrading the floodplain and
making the streambanks higher, will increase shear stress (force per square foot) on
the channelbed (Table 11). A linear regression, with slope as the independent variable
and bed averaged shear stress () (Ibs/ft®) of the pre-1941 channel morphology at
unregulated bankfull discharge as the dependent variable, can serve as quantitative
termination criteria. In Figure 44, the pre-1941 regression line for Rush Creek is the
targeted average channelbed shear stresses (as a function of slope) while the regression
line represents contemporary bed averaged shear stresses under a regulated bankfull
discharge as the present condition. Satisfaction of the termination criteria, for a
sustainable floodplain morphology, would require significant overlap of the two
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regression curves. Lee Vining Creek will require more investigation before
recommending a similar paired regression comparison, and more points are needed for
the Rush Creek regression to statistically define confidence limits (for the intercept and
slope of both linear regressions). '

Acreage of Riparian Vegetation. Tables 6 and 7 are our riparian acreage assessments
of recovery toward the termination criteria. As discussed, a variety of problems have
prevented complete compatibility between all studies. The pre-1941 acreage, originally
established in SWRCB Order 98-05, still serves adequately as termination criteria.
Riparian vegetation cover acreage does not address the age structure, species
diversity, canopy architecture, natural recruitment or other important vegetation
“qualities” mandated in the SWRCB order. This will be the focus of our upcoming
field season, starting mid-May.

Parker Creek and Walker Creek. Establishing physical termination criteria for Parker
and Walker Creeks is unwarranted. We anticipate no changes in main channel length,
channel gradient, channel sinuosity, channel confinement, or variation in thalweg
profile. Restoration criteria for riparian acreage are appropriate, but have not been
resolved. We need to better quantify potential restoration acreage to facilitate riparian
recovery, before recommending acreage as termination criteria.
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Figure 2. Daily Average Annual Hydrographs for Lee Vining Creek at Intake (LADWP Stn. 5009) for WY 1995-99.
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Figure 3. Daily Average Annual Hydrographs for Rush Creek at Dam Site (LADWP Stn. 5013) and Rush Creek below the Return Ditch (LADWP Stn RCBRD) for
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Figure 4. Daily Average Annual Hydrographs for Rush Creek below the Narrows for WY1995-99.
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Figure 4. Daily Average Annual Hydrographs for Rush Creek below the Narrows for WY1995-99.
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Figure 5. Da"ily Average Annual Hydrographs for Parker Creek under Conduit (LADWP Stn 5003) for WY 1995-99.
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Figure 5. Da'ily Average Annual Hydrographs for Parker Creek under Conduit (LADWP Stn 5003) for WY 1995-99.
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Figure 6. Daily Average Annual Hydrographs for Walker Creek under Conduit (LADWP Stn 5002) for WY 1995-99.
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Figure 18. Upper Lee Vining Creck Main Channel, marked rock summary charts for WY 1998-99.
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Figure 18. Upper Lee Vining Creck Main Channel, marked rock summary charts for WY 1998-99.
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Figure 22. Lower Rush Creek Main Channel, marked rock summary charts for WY 1998-99.
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Figure 22. Lower Rush Creek Main Channel, marked rock summary charts for WY 1998-99.
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. Lower Rush Creek, Cross Section 07+25
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Figure 34. Lower Rush Creek Cross section 07+25 migration from WY1995 to WY1999.
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Figure 34. Lower Rush Creek Cross section 07+25'mi‘gxation from WY1995 to WY1999.
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Figure 35. Lower Rush Creek Channel 1A, showing the existing floodplain with 0.5 and 1.0 ft flow depth.

3/6/4.‘;0



Lower Rush Creek - Channel 1A
0.5 ft Aggraded Floodplain

Right bank

103 T Left bank looking downstream
102
101 [
100 £
E g9
[ [ = wed b ok ,
=4 %FL/\d. \,J'vb:“'
R 606 0-
TS oL
97 _“ﬁw\/"‘)’&: Z’;\(_’;ET‘ ‘A}:A
E Lz (WP W

i
o

o
s

¥
Q,,
b
g

Distance From Left Bank Pin (ft)

850 cfs
R.l.=8.2 yrs.
Nmain = 0.035

ntPodeain =0.050
dmain = 2.96 ft
Umain = 9.15 ft/sec

750 cfs 620 cfs
R.I.=5.7 yrs. R.I.=3.5yrs.
Nmain = 0.040 Nmain = 0.050

Nficodplain = 0.050 Nfoodplain = 0.050
OJmain = 2.96 ft main = 2.96 ft
Umain = 8.01 ft/sec Umain = 6.41 ft/sec

103 1 | eft bank looking downstream
102
101

100

Lower Rush Creek - Channel 1A
1 ft Aggraded Floodplain
Right bank

Stage (ft)

-50 -40 -30 -20 -10 50 60
Distance From Left Bank Pin (ft)
1100 cfs 950 cfs 780 cfs
R.1.=19yrs. R.L.=12 yrs. R.L=6.3 yrs.
Nmain = 0.035 Nmain = 0.040 Nmain = 0.050
Nfioodplain = 0.050 Nfioodplain = 0.050 Nicodptain = 0.050
dmain = 3.46 ft dmain = 3.46 ft dmain= 3.46 ft
Umain = 10.1 ft/sec Umain = 8.87 ft/sec Umain = 7.09 ft/sec
Utioodplain = 1.96 ft/sec Utioodplain = 1.96 ft/sec Ufloodplain = 1.96 ft/sec

IMcBain & Trush 2000}

Figure 36. Lower Rush Creek Channeél 1A, showing the original floodplain with 0.5 and 1.0 ft aggadation.
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Figure 37. Lower Rush Creek Channel 1A, showing the original floodplain with 1.5 aggadation and original cross section

with modified right bank.
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Figure 39. Lower Rush Creek Yellow Bird channel, showing the original floodplain with 0.5 and 1.0 ft aggadation.
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Figure 40. Lower Rush Creek Yellow Bird channel, showing the original floodplain with 1.5 aggadation.



Figure 41. Proposed primary, secondary, and tertiary channel classification scheme.
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Figure 42. An idealized longitudinal thalweg profile (illustrated by a sine wave) showing the residual analysis components.
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Figure 43. Lower Rush Creek longitudinal thalweg profile regression lines for WY1997-1999.
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Figure 44. Lower Rush Creek shear stress at the Q1.5 impaired for contemporary cross sections and the shear stress at the Q1.5 unimpaired for historic/restored cross

sections.
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Figure 45. Upper Lee Vining Creek main channel cross section 13+92.



Table 1. Annual daily average peak discharges, and associated recurrence intervals (R.1.) for Walker, Parker, Lee Vining, Rush, Parker and Walker
creeks. Annual Instantaneous maximum discharges are in parentheses where available.
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TS
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o
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SRR

Walker Creek under Conduit (5002) 61 39 42 (53) 34

Parker Creek under Conduit (5003) 76 54 52 (94) 48 72 52

Lee Vining Creek abv Intake (5608) 522 (583) 342 (362) 524 (740) 378 (404) 419 (451) 285 (288)
Lee Vining Creek at'lntake_(5009) 436 (480) 332 (357) 422 (578) 354 (399) 391 (391) 274 '
Rush Creek at Dam Site (5013) 634 (676) 306 (307) 250 (318) 211 (216) 495 (519) 147 (266),
Rush Creek biw Return Ditch (RCBRD) 548 333 167 175 538 201
Rush Creek biw Narrows 1 647 391 188 226 635 247

, Discharge calculated by adding RCBRD+Walker+Parker
, Annual instantaneous peak discharge and the Maximum daily average discharge did not occur on the same day
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Lee Vining at Intake 4 unimpaired) ‘
Lee Vining at intake (1973-1994 impaired) 12.05 5.01 24.27 6.76 6.38 277
Rush Creek at Dam Site (1941-1990 unimpaired) 5.16 0.94 0.99 : 0.62 2.50 0.78
Rush Creek at Dam Site (1941-1990 impaired) 38.66 3.70 3.97 2.08 14.25 2.85
Rush Creek at Dam Site (1973-1994 unimpaired) 31.68 3.76 4.01 2.22 12.80 297
Rush Creek at Dam Site (1973-1994 impaired) 428 “1.06 1.11 0.75 2.37 0.91
Parker Creek above Conduit (1973-94 impaired) 9.24 3.09 2263 2.30 - 7.58 2.80
Walker Creek above Conduit (1973-1994 impaired) 9.35 2.88 6.10 2.21 442 1.78




Table 2. Summary of Lee Vining Creek measured flow proportions
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Table 3. Summary of Rush Creeck measured flow proportions.

,,,,,,A
S
o

3

7/3/98 267.0 361.1 198.2 126.9 3251 726
9/13/98 102.0. 136.0 100.2 352 1354 0.6

5/6/99 . 50.5 59.7 416 ' 10.4 52.1 7.6

6/4/99 ' 52.5 87.3 57.0 11T 747 126
7127199 85.3 105.3 7.7 413 103.8 14
10/7/99 N/A N/A 32.5 20.7 53.2 15.0

*Rush Creek below the Return Ditch is a daily average discharge and is included for reference only
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7/3/98 61% 39% 36% :

9/13/98 74% 26% 2% '
5/6/99 80% 20% ' ' 42% A
6/4/99 - 16% _ 24% ' 42%

7127199 69% - 40% 3%

10/7/99 61% 39% 42%




Table 4. Summary T ., back calculations.

R S
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ERRERERE

SRR
e

NN
R
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entD .,
Upper Rush Creek
XS05+45 (84mm)
Riffle -
Lower Rush Creek 110 cfs 130 cfs
XS-05+07 (54mm) 0.030 (91mm 0.026 0.0080
Pool Tail
Lower Rush Creek 110 cfs 130cfs
10+10 (46mm) 0.033 (79mm) 0.024 0.0072
Riffle
Lee Vining Creek 65 cfs 80 cfs ’
B1 Channel ‘ 125mm) 0.043 240mm 0.025 0.0249
XS06+08 ' .
Riffle -
Lee Vining Creek 60 cfs 100 cfs
B1 Channel (74mm) 0.063 153mm 0.039 0.0230
XS01+80 b
Riffle '
Lower Rush Creek 115 cfs 125 cfs
XS07+70 (56mm) 0.028 (97mm) 0.017 0.0072
Run |
Lower Rush Creek 90 cfs 110 cfs
XS04+08 - (36mm) 0.040 (56mm) 0.030 0.0072
Riffle | :
Lee Vining Creek 80 cfs l _ 100 cfs
A4 Channel 115mm) 0.0{8 2) 0.024 0.0245
XS06+80 (250mm '




Table 5. Summary of plant stands mapped in WY 1999 and their relationship to plant stand types identified by previous research.

1) Aquatic Vegetation Aquatic NA Aquatic vegetation ntane Freshwater Marsh (52340 in part)
2) Bitterbrush Desert Decadent bitterbrush scrub Great Basin scrub Great Basin Mixed Scrub (35100)
. Mature bitterbrush scrub
) : Establishing bitterbrush scrub
3) Black cottonwood Riparian Decadent cottonwood-willow Mature floodplain vegetation Montane Black Cottonwood Forest (61530)
Mature cottonwood-willow
Establishing cottonwood-willow
4) Buffaloberry Transistion Decadent mixed riparian scrub Mature floodplain vegetation Great Basin Mixed Scrub _(35100)
Mature mixed riparian scrub
—_ Establishing mixed riparian scrub
5) Cattail Agquatic N/A Aquatic vegetation Montane Freshwater Marsh (52340 in part)
8) Ephedra . Desert N/A Great Basin scrub Great Basin Mixed Scrub (35100)
7) Great Basin grasslan: Riparian Mixed riparian meadow Wet meadow Great Basin Grasslands (43000 in part)
Pasture
8) Jeffery pine Riparian Decadent conifer-broadleaf Mature floodplain vegetation Jeffery Pine Forest (85100)
Mature conifer-broadleaf ) )
Mer-bwadleaf
9) Lupine Riparian Sparsely vegetated floodplain N/A Great Basin Grasslands (43000 in part)
10) Mixed desert rose Transition Decadent mixed riparian scrub Mature floodplain vegetation Great Basin Mixed Scrub (35100)
: Mature mixed riparian scrub
Establishing mixed riparian scrub .
11) Mixed riparlan rose Transition Decadent willow scrub Mature floodplain vegetation Southern Willow Scrub (63320 in part)
Mature willow scrub
Establishing willow scrub
12) Mixed willow Riparian Decadent willow scrub Mature fioodplain vegetation Southern Willow Scrub (63320 in part)
Mature willow scrub
Establishing willow scrub i :
13) Mountain mahogany Desert Decadent mixed riparian scrub N/A Semi-Desert Chaparral (37400 in parf)
. Mature mixed riparian scrub
Establishing mixed riparian scrub
14) Narrowleaf willow Riparian Decadent willow scrub Mature floodplain vegetation Southern Willow Scrub (63320 in part)
Mature willow scrub
Establishing willow scrub
15) Quaking aspen Riparian Decadent aspen Mature floodplain vegetation Aspen Riparian Forest (61520)
Mature aspen

Establishing aspen

Establishing rabbitbrush scrub




Table 5. Summary of plant stands mapped in WY 1999 and their relationship to plant stand types identified by previous research. (continued)

16) Rabbitbrush Desert Decadent rabbitbrush scrub Great Basin scrub
Mature rabbitbrush scrub
[ Establishing rabbitbrush scrub
17) Rose Transistion Decadent mixed riparian scrub Mature floodplain vegetation Southern Willow Scrub (63320 in part)
: Mature mixed riparian scrub
Establishing mixed riparian scrub
18) Sagebrush Desert Decadent sagebrush scrub Great Basin scrub Big Sagebrush (35210)
) Mature sagebrush scrub
Establishing sagebrush scrub
19) Sagebrush-Black cottonwood Transition Decadent sagebrush scrub Great Basin scrub Great Basin Mixed Scrub (35100)
) Mature sagebrush scrub
M Establishing sagebrush scrub
20) Sagebrush-Great Basin grassland Transition Decadent sagebrush scrub Great Basin scrub Great Basin Mixed Scrub (35100)
Mature sagebrush scrub
Establishing sagebrush scrub
21) Sagebrush-Rabbitbrush Transition Decadent sagebrush scrub . Great Basin scrub Great Basin Mixed Scrub (35100)
, : ) Mature sagebrush scrub
_Establishing sagebrush scrub
22) Shiny willow Riparian ’ Decadent cottonwood-willow Mature floodplain vegetation - Southern Willow Scrub (63320 in part)
Mature cottonwood-willow . :
Establishing cottonwood-willow
23) Wet meadow Riparian Wet meadow Wet Meadow Waet Montane Meadow (45110 in part)

Rabbitbrush Scrub (35400)

24) Yeliow willow Riparian Decadent willow scrub Mature floodplain vegetation Southern Willow Scrub (63320 in part)
Mature willow scrub
Establishing willow scrub




Creek valley toeslopes.

ining

.

tation mapped between Lee V.

iparian vege

Table 6. Acres of r

2

55

243

6.9
7.5

3.3
8.6

7

4

0

n/a
-18

9

299

23.2

34.7

4.3
0.0

112

4

15.7

0.8
6.4

9

28

30.0

22.2

32.9

4.0

n/a
109

1

n/a
n/a
-16.3
27.2

-1.0

8.6
-35

9

Total

Total




Table 7. Acres of riparian vegetation mapped between Rush Creek valley toeslopes.

2 5.0 8.1 5.9 103
3a 215 24.8 12.7 17.0
3b 29 1.5 0.1 2.1
3c 11.2 10.8 : 4.1 8.1
3d 10.0 : 221 4.0 4.7
4a ' 26.0 149.6 90.0 23.5
4b 80.0 combined with 4a combined with 4a 67.1
4c 38.7 combined with 4a combined with 4a 14.7
5a 37.8 37.8 11.0 19.6

Total 239.3 ' 262.1 129.5 167.0

s

3

s

NERE
PR
2

N

3a -12.1 4.3 -4.5 2009
3b -1.4 20 -0.8 2003
3c -6.7 4.0 -3.1 2007
3d - -1841 0.7 -5.3 2080
4a -59.6 15.2 25 . 2025
4b combined with 4a combined with 4a -12.9 combined with 4a
4c combined with 4a combined with 4a -24.0 combined with 4a
5a -26.8 8.6 -18.2 2020
Total -132.6 375 -72.3




Table 8. Acres of riparian vegetation mapped within Walker Creek riparian corridor.

RS
SR
SRR

3
e

10 4.6

11 6.1

12 10.5

13 7.3

14 36

15 3.4 : '

Total 46.7




Table 9. Flood recurrence interval regressions (from Hasencamp 1994) and common recurrence interval discharges for Lee Vining and
Rush creeks. '

Gaging Station . Regression Equations From Hasencamp (1994)
Lee Vining above Intake + SCE Storage Change (Discharge-194.3)1173.3
(1973-1994 unimpaired) Discharge = 194.3 + 173.3 (In (Recurrence Interval)) -or- Recurrence Interval = e ) '

. — Disch 131.5)/140.0
Lee Vining above Intake (1973-1994 impaired) Discharge = 131.5 + 140.0 (In (Recurrence Interval)) -or- Recurrence Interval = o(Discharge-131.9)

Rush Creek at Dam Site + SCE Storage Change
(1941-1990 Unimpaired) . Discharge = 319.5 + 217.3 (In (Recurrence Interval)) -or- Recurrence Interval = &
Rush Creek at Dam Site (1941-1990 impaired) ~ Discharge = 101.1 + 157.3 (In (Recurrence Interval)) -or- Recurrence Interval = €

Rush Creek at Dam Site + SCE Storage Change .
(1973-1994 unimpaired) Discharge = 291.1 + 264.7 (In (Recurrence Interval)) -or- Recurrence interval = e(Dlscharge-291 1)/264.7
(Discharge-77.5)/173.2

(Discharge-194.3)/173.3

(Discharge-319.5)/217.3
(Discharge-101.1)/157.3

Rush Creek at Dam Site (1973-1994 impaired) Discharge = 77.5 + 173.2 (In (Recurrence Interval)) -or- Recurrence interval = @

Parker Creek above Conduit (1973-94 impaired)  Discharge = 194.3 + 173.3 (In (Recurrence interval)) -or- Recurrence Interval = &
' (Discharge-19.2)/18.7

Walker Creek above Conduit (1973-1994 impaired) Discharge = 19.2 + 18.7 (In (Recurrence Interval)) -or- Recurrence Interval = €

EES e v., B R Ry K & SRR K 8RB o
) e S e Yaar Flood: o

Lee \@g at Intake (1973-1994 unimpaired) 265 cfs 314 cfs 473 cfs 593 cfs 752 cfs 872 cfs
Lee Vining at Intake (1973-1994 impaired) 188 cfs 229 cfs 357 cfs 454 cfs 582 cfs 679 cfs
Rush Creek at Dam Site (1941-1990 Unimpaired) 408 cfs 470 cfs 669 cfs 820 cfs 1,019 cfs 1,170 cfs
Rush Creek at Dam Site (1941-1990 Impaired) 165 cfs 210 cfs 354 cfs 463 cfs 607 cfs 716 cfs
Rush Creek at Dam Site (1973-1994 unimpaired) .398 cfs 475 cfs 717 cfs 801 cfs 1,143 cfs 1,327 cfs
Rush Creek at Dam Site (1973-1994 impaired) 148 cfs 198 cfs 356 cfs 476 cfs - 635 cfs 755 cfs
Parker Creek above Conduit (1973-94 impaired) 39 cfs 45 cfs 64 cfs 78 cfs 96 cfs 110 cfs
Walker Creek above Conduit (1973-1994 impaired) 27 cfs . 32cfs 49 cfs 62 cfs : 79 cfs 92 cfs

Lee Vlnlng at Intake (1973-1994 unlmpalred) 992 cfs 1 271 cfs 1 391 cfs
Lee Vining at Intake (1973-1994 impaired) 776cls 1,002 cfs 1,099 cfs
Rush Creek at Dam Site (1941-1990 Unimpaired) 1,320 cfs 1,670 cfs 1,821 cfs
Rush Creek at Dam Site (1941-1990 Impaired) 825 cfs 1,079 cls 1,188 cfs
Rush Creek at Dam Site (1973-1994 unimpaired) 1,510 cfs 1,936 cfs 2,120 cfs
Rush Creek at Dam Site (1973-1994 impaired) 875 cfs 1,154 cfs 1,274 cfs
Parker Creek above Conduit (1973-94 impaired) 124 cfs 156 cfs 170 cfs

Walker Creek above Conduit (1973-1994 impaired) 105 cfs 135cfs 148 cfs



Table 10. Longitudinal thalweg profile residual analysis summary table.

SRR
o
ARV SRR

Upper Lee Vining Creek A4 Channel
Upper Lee Vining Creek B1 Channel
Lower Rush Creek

0.0528

RN
A
”'ﬁ

SRR
AT

SR 5
R Ry

Lower Lee Vining Creek Mainstem
Lower Lee Vining Creek B1 Channel
Upper Rush Creek

Lower Rush Creek

0.3687
1.1031
0.6524

oS

Suisek
SRR
SefiiReas
RRRRRRRREEE

SR ERRRRRREEE
{21 BRI R
RN SREE SEEERRRI

B SRR a ey

A 0.0261

=
RN

A
35
SRR

Upper Lee Vining Creek Mainstem
Upper Lee Vining Creek A4 Channel
Upper Lee Vining Creek B1 Channel
Lower Lee Vining Creek Mainstem
Lower Lee Vining Creek B1 Channel
Upper Rush Creek

Lower Rush Creek

Rush Creek County Road

Lower Rush Yellowbird :

Lower Rush 1a

Thalweg slope and high water slope are for the total planmap reach and do not represent local cross section

slopes.




Lower Rush Creek
Cross Section -05+07

0.44 Ibs/sqft

Table 11 Summary of contemporary T, and restored ‘tb

0.72 Ibs/sqft

Lower Rush Creek
Channel 14

N/A-

N/A

N/A

Lower Rush Creek
1A Channel

N/A

N/A

N/A

Lower Rush Creek
Yellow Bird Reach
Cross Section 01+45

0.71 Ibs/sqft

1.04 ft

1.22 Ibs/sqft

1.78 ft

0.0110

Lower Rush Creek
Cross Section 10+10

0.56 Ibs/sqft

1.24 ft

0.65 Ibs/sqft

1.44 ft

0.0072

Lower Rush Creek
Cross Section 07+70

0.72 Ibs/sqft

1.48 ft

0.83 Ibs/sqft

1.70 ft

0.0078

Rush Creek County Rd
Cross Section 06+85

0.54 Ibs/sqft

1.11 &

0.61 Ibs/sqft

1.26 ft

0.0078

Rush Creek County Rd
Cross Section 15+19

0.74 Ibs/sqft

1.49 ft

'2.17 Ibs/sqft

434 ft

0.0080

Upper Rush Creek
Cross Section 05+45

1.01 lbs/sqft

1.12 1t

2.32 Ibs/sqft

2.56 ft

0.0145

Upper Rush Creek
Cross Section 13+36

1.05 Ibs/sqft

1.16 ft

2.32 Ibs/sqft

2.56 ft

0.0145

Rush Creek County Rd
Cross Section 08+30

0.69 ibs/sqft

1.38 ft

1.03 Ibs/sqft

2.06 ft

0.0080

Upper Lee Vining Creek
A4 Channel
Cross Section 06+80

N/A

N/A

N/A

N/A

0.0245

Upper Lee Vining Creek
Mainstem
Cross Section 13+92

2.16 Ibs/sqft

1.13 ft

3.35 lbs/sqft

245 ft

0.0307

Upper Lee Vining Creek
Mainstem
Cross Section 00+26

1.62 Ibs/sqft

0.85 ft

4.11 Ibs/sqft

3.25f

0.0305




Table 11. Summary of contemporary T, and restored T, (continued).

3 i

Lower ﬁﬁsh Creek
Cross Section -05+07

0.84 Ibs/sqft

240 ft

1.36 Ibs/sqft

3.90 ft

0.0056

Lower Rush Creek
Channel 14

0.4 Ibs/sqft

3.33 ft

0.46 Ibs/sqft

3.89 ft

0.0019

Lower Rush Creek
1A Channel

1.46 Ibs/sqft

2121t

2.41 Ibs/sqft

351t

0.0110

Lower Rush Creek
Yellow Bird Reach
Cross Section 01+45

1.36 lbs/sqft

1.98 ft

2.25 Ibs/sqft

3.28 ft

0.0110

Lower Rush Creek
Cross Section 10+10

0.78 Ibs/sqft

1.74 ft

1.46 Ibs/sqft

-3.24 ft

0.0072

Lower Rush Creek
Cross Section 07+70

0.91 Ibs/sqft

1.87 ft

1.64 Ibs/sqft

3.37 ft

0.0078

Rush Creek County Rd
Cross Section 06+85

1.08 |bs/sqft

2221t

1.81 lbs/sqft

3721t

Rush Creek County Rd
Cross Section 15+19

1.14 tbs/sqft

220 ft

1.89 Ibs/sqft

379t

0.0078

0.0080

Upper Rush Creek
Cross Section 05+45

1.52 Ibs/sqft

1.68 ft

2.32 Ibs/sqft

2.56 ft

0.0145

Upper Rush Creek
Cross Section 13+36

1.86 Ibs/sqft

2.06 ft

3.22 Ibs/sqft

3.56 ft

0.0145

Rush Creek County Rd
Cross Section 08+30

1.19 lbs/sqft

239 ft

1.94 lbs/sqft

3.89 ft

0.0080

Upper Lee Vining Creek
A4 Channel
Cross Section 06+80

2.66 Ibs/sqft

1.74 ft

4.85 Ibs/sqft

347 ft

0.0245

Mainstem
Cross Section 13+92

Upper Lee Vining Creek -

3.35 Ibs/sqft

1.75 ft

6.23 Ibs/sqft

3.25 ft

0.0307

Upper Lee Vining Creek
Mainstem

Cross Section 00+26

4.11 |bs/sqft

2.16 ft

6.97 Ibs/sqft

3.66 ft

0.0305




Table 12. Geomorphic units mapped in WY 1999 within Lee Vining and Rush creck riparian corridors.

0 Stream Channel aquatic/emergent active channel .
These active deposits may be mobilized frequently mobilized (< 10 year
1 Point, Transverse, and Medial Bars Lupine events) by smaller floods, and abandoned by incision during higher
floods (<10 year events)
' . . . . Deposition is widespread across these surfaces during smaller events
2 Floodplain Lupine, mixed willow occasional scour by large floods; active floodplains
3 Low Terrace Black cottonwood, mixed willow, yellow willow,  Channel incision, sediment plugging, and migration during 1995-97
narrowleaf willow, rose, Great Basin grassland __ floods scoured and abandoned these surfaces
4 Middle Terrace Black cottonwood, narrowleaf willow, bitterbrush, ~ Channel incision, sediment plugging, and migration during 1967-69
: rabbitbrush floods scoured and abandoned these surfaces
Black cottonwood, mixed willow, yellow willow, ‘
5 High Terrace, Pre 1941 Floodplain narrowleaf willow, rose, buffalo berry, sage, Active depositional surfaces prior to streamflow diversion
bitterbrush
Cause for incision and abandonment unknown, presumed to be lake
. . . . lowering related, potentially a floodplain prior to the end of the little Ice
6 Pre-1941 Low Terrace Sagebrush, bitterbrush, mixed willow Age in 1850. Remnant willow stands indicate its hydrologic connectivity
) to streamflow prior to diversion
7 Pre-1941 Middle Terrace Sagébrush, bitterbrush Cgusg for incision and abandonment unknown, presumed to be
climatically related .
8 Pre-1941 High Terrace/ Climatic Low Terrace Sagebrush, bitterbrush C.ausg for incision and abandonment unknown, presumed to be
climatically related
9 Climatic Middle Terrace Sagebrush, bitterbrush Cgusg for incision and abandonment unknown, presumed to be
. climatically related
10 Climatic High Terrace Sagebrush, bitterbrush Qausg for incision and abandonment unknown, presumed to be
climatically related
. - . Stream incision through these deposits occurred following the recession
1 Tioga Age Glacial Till . Sagebrush, bitterbrush of Glaciers at the end of the last Ice Age
18 Cut Bank open C_ut banks are .resuI.t of channel migration and was mapped in association
with geomorphic units 2-9
19 Human Disturbance open Thesg sufacgs are f9und throughout_ riparian 'cprndors and are typicaly
associated with parking areas and mining activites
21 Arroyo Bitterbrush Seasonal flow through these channels




Table 13. Summary of termination criteria and WY 1999 measurements.

S

R

R
5

AN,

2 4,820 ft 4820ft | 48131t
3A 3,800 ft .3,850 ft 3,850 ft
38 3,100 ft 2,800 ft 2,494 ft
3C 6,940 ft 7,000 ft 7,000 ft
3D 3,370 ft 3,150 ft 2,888 ft
4A 3,070 ft 2,980 ft 2,756 ft
4B 7,810 ft 7,810 ft 6,825 ft
4C 4,360 ft 4,360 ft 4,069 ft
5A 7,320 ft 6,130 ft 5,206 ft

Reach 2 above Highway 395
Reach 2 below Highway 395

0.0620

3A 0.0370 N/A
3B 0.0250 N/A
3C 0.0210 N/A

*= Gradient calcuated from thalweg profiles in
planmap reaches .
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DISCHARGE SUMMARY SHEET

LOCATION: Lee Vining Creek Main Channel near Lee Vining STATION NUMBER: WATER YEAR:1998-2000
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LOCATION: Lee Vining Creek B Connector Channel near Lee Vining

DISCHARGE SUMMARY SHEET

STATION NUMBER:

WATER YEAR$998-2000
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LOCATION:

DISCHARGE SUMMARY SHEET

Lee Vining Creek A4 Channel near Lee Vining STATION NUMBER: WATER YEAR1998-2000
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DISCHARGE SUMMARY SHEET

LOCATION: Lee Vining Creek B1 Channel near Lee Vining STATION NUMBER: WATER YEAR1998-2000
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DISCHARGE SUMMARY SHEET

LOCATION: Rush Creek Main Channel in Lower Planmap Site near Lee Vining STATION NUMBER: - WATER YEAR: 1998
nosrment Om ute By et e e % o weme | e | owee Compunt Begndoge]| EndOsge | Oapeid | Owchenge Reting 1 oo No_of ey Bepiy e i K ~ Cront Nozorter Mot
L ] Twe Numbe Dot Velscly L] Ragha o e Hoignt Height chnge sy | PercomOn Sacions Tine. Time Ratng Tomp. Tome. Gope L]
oa | wo 1 0 ) an i pory | owrn | o
uvefersnced cross section above the 10
9801 | eume Mo, Morau M | 598 | 155 | 002 | 1428 | 255 | 18.01 | 0.00 na wa wa | 3640 | . 0.6 14 | 15:24 | 1545] far 15.35%| o | o/a | wa | o [channel connector
i unrefersnced cross section above the 10
9802 | 138 Mo, Bair A | 505 | 197 | 148 | 2000 | 4.32 | 19.45 | 1.50 [0.0053) 0.033 wa na wva | 125.56 0.6 21 wa | wa | far Jt141%] wa | wa | wa | e |chanmet connector
- [LTCEY FUHOIT TUF TU DWW UW U T
9901 | 1a1As | Memwoswy | MM Jusiw ] 378 | 070 | 2074 | 241 ] 3805 | 0.78 na na wa | 2 08 19 | 17:13 ] 17:32) good | 10eem [ 155{ 207 | nwa | na




DISCHARGE SUMMARY SHEET

LOCATION: Rush Creek Main Channel below Lower Planmap Site near Lee Vining STATION NUMBER: WATER YEAR: 1998

Wersnen D Mete by L Mot e ) Moo wotes | Hpmum Compund | SogtnGugs | EneOogs | Cogeid | Dischargs Reting 1 eted Mo ofiteme (T ™~ e Mmn0 | W -~ Crst Racorder Home

L] Twe L] . ) ‘Welncly e Radius. o vk Maight Hognt henge RAg. Porcont DN octons Time. Tme Rating Tomp Tomy Qage L]

[ o L] oo | ww | e L) [ o i pory) | pown) ol ™

9701 | sanosr Bair, S float 3.2 time-fioat urweferenced saction

9801 | swnyee | memmcein | AA | 505 | 334 | 1.3t | aa7r | 300 | M7 | 128 wa | wa | o | 13544 06 3 | 930 [ 1000 | good } o13% | na | wa | wa | wa section

9901 | ewms | memsocw | AA | 505 ) 282 141 | 2002 170 | 25.45) 115 wWa | o | wa | 5208 08 17 ] 1700 | 1730 Jexcelen| oson | i | o | o2 | wa |wstreamoxs-see2
9902 | wum [ A | 595 | 318 ) 006 | 3040 248 | 341 | 007 ws | ws | wa | T4es 08 2 | 1350 [15:15) good | oo | wia | wa | o | wa [xS00482

9903 | s | Memwosey | MM JusFw | 275 | 130 | 3823 | 272 | 2801 | 1.32 ws | o | wa | 10384 1] 27 14743 [ 17:32] good | 4esx | 155 267 | wa | wa |~900 upstream kom s 09462
0001 | Mc Bain, Bor A 1 505 | 248 | 142 | 3532 ) 151 | 53.47 ] 068 e wa ma_ | 5310 08 » Wa. | oh a1 | wa | s | wa wa




DISCHARGE SUMMARY SHEET

LOCATION: Rush Creek 10 Channel near Lee Vining STATION NUMBER: WATER YEAR: 1998-2000
doswament O Mate By eter - - Mo A L e | Hebum Computnd | Bogn Oage | End Oape Ll L) Dincharpe Ri 1 et N of Womy. Sogn L] L -0 Wote L Cront L
— | — - v | | o | AT ] ST = ‘..—..‘i"m — -] -] - e | v | o |
2 £ L oy | poero | o) ©

9701 | 1onomr | woswy.smnm | float 231 time-float

0801 | eume | memses | An ] 508 | 179 | 000 | 1128 | 208 [ 17.20] 063 va | o | | D2 06 16 | 16:20 | 18:38 | fabsgood | 121ex | wa | wa | wa | wa_juweecsnced section
9802 | nm Mot Bair M | 5905 | 386 ]| 001 | 3333 | 301 | 37.68] 089 Wa | o | e |12605 -] n fafgood | 002% | wa | wa | nia | fa [unreterenced section
9803 [arn . Morsu, McBain AA | 508 | 180 | 100 | ve00 | 195 | 1853] ase wa n'a na | 35.22 (X ] 2 17:30 | 10:10 | excelent | 7.13% | afa | o2 na n/a saction
9901 ondy | Mesusiece | AA | 898 | 125 | 047 | ses | v70 | 11.53] 081 wa | na | wa | 1042 0.8 15 11730 ] 1820| good [vzew| wa | wa | wa | oa section
9902 | eum 8aic M | 505 | 195] o4 | 1081} 160 | 19.71] 083 wa | na | wa | 17067 LX] 28 | 11:15 | 12:30 jood/excole| st2% | wa | wa | oa | wa ]uwefsrenced section
9903 (a) | 1a1ms | Memuwosey | MM |USFWS| 204 | 108 | 2100 | 101 | 2078 ] 1.04 wa | wa | oa | 4138 0.6 1] o |14:40] good | oo |158] 207 | wa | na
9903 (b) | varms | swsuwowey | AA | 605 | 204 | 1.01 | 2060 | 100 | 2074 1.00 wa | we | om J3031] ° 08 10 | 14:40 | 1510 good | sers | 155|207 | o | wa

0001 | 1o7ms |  mcBen.Ba AA | 808 | 122 | o008 | 1103 173 [ 18.00] 066 wa | wa | wa | 2008 .1 ] 2 wa | o tar |nem| wa| o | wa | on




LOCATION:

Rush Creek 10 Connector Channel near Lee Vining
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APPENDIX B:

CROSS SECTIONS
AND
LONGITUDINAL THALWEG PROFILES



Note: tinks are updated as of 10/21/89

Lee Vining Creek Cross Section and Reference Pin Summary Sheet

98.

Lower  Upper  Total
Cross Upper Left  Lower Right Right Cross Angle from Cross Section Long Profile
Section OldCross  Bank Pin Left Bank Bank Pin Bank Pin Section LB pinto Intersection with Intersection with
Site Label Section Label Elev. Pin Elev.  Elev. Elev. Length RB pin Long Profile Cross Section Fieldbook # and Page #s  Notes
® ®) @) ®) () __ Degree ®) ®)
BM1 6503.26 : SITE BENCHMARK
Upper Main 00+26 00+25.6 6500.68 6499.01 none 6503.79 141.20 N/A 101.80 25.6 Fieldbook 2, page 4-15
03+45 03+35 6513.78 none none  6511.08 105.40 123 ~75.00 3446 Fieldbook 1, page 110-115
T 03473 03+60 * 6511.41 none none 651152 112.50 125 ~75.00 3727 Fieldbook 1, page 116-119
06+61. 06+61 N/A 6519.05 none 6520.19 79.80 111° ~36.9 661.4 Fieldbook 2, page 46 This cross section had an upper
09+31° 09+34 6530.00 none none 6528.44 178.50 8o* ~117.4 931.1 Fieldbook 1, page 122-129
10+44 12462 6534.25 6530.15 6530.59 6534.68 233.30 87¢ 94.90 1044.3 Fieldbook 2, page 26
13492 14+16 6543.03 none none  6541.14 84.60 141¢ 44.80 1392 Fieldbook 2, page 16-25
.Upper A4 .
06+80 06+80 6514.70 none none 6517.40 36.40 134° 22.00 - 679.8 Fieldbook 1, page 46-49
05+15 05+23 6511.96 650953 none 651160 83.30 57° 49.70 ~515.3 Fieldbook 1, page 50-51; 56-57
04+04 04+02 6509.52 none none 650952 70.70 151° 40.10 404.4 Fleldbook 1, page 68-71
03+75 TR1867 6507.90 none none 6508.79 38.60 151¢ 17.20 3746 Fieldbook 1, page 60-61
03+29 TR19125 6506.29 none none 6505.36 58.00 138° 19.50 328.7 Fieldbook 1, page 62-65
Upper B1
06+08 06+08 6493.78 none none 6489.57 40.90 115° Fleldbook 1, page 74-77
Lower Main .
01+15 XS-A 6462.55 none none 646029 41.80 97 Fieldbook 4, page 98
(Mid-
3+57 B Chevron 6466.66 6466.65 channel) 6466.76 000  78°123* Fieldbook 8, page 40
Lower B1 )
1+80 Y 6460.28 8461.25 0.00 156° Fieldbook 8, page 38
0+87 z 6458.46 6460.77 0.00 Fieldbook 8, page 34
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Elevation (NAVD, ft)

Upper Lee Vining Creek Main Channel,
1999 Longitudinal Thalweg Profile

Cross section
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Elevation (NAVD, ft)

Upper Lee Vining Creek Main Channel,
1997 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)

Upper Lee Vining Creek Main Channel,
1999 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

Upper Lee Vining Creek A4 Channel,
1997 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)

Upper Lee Vining Creek A4 Channel,

1999 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

'Upper Lee Vining Creek A4 Channel,
1997and 1999 Longitudinal Thalweg Profile Regressions
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Elevation (NAVD, ft)

Upper Lee Vining Creek B1 Channel,
1997 Longitudinal Thalweg Profile

Cross Section

06+08
6490 + [
|
3 I :
6489 £ :
- 1 ' ”’,’/_
5438J- : /,-”
[ | ‘/,/
U
6487 1+ |
———— |
: (
6486 f ' :
' !
6485 |
6484
|
6483 - | e 8/16/97 Ground surface
. | - 8/16/97 Water surface (Q = 35cfs)
g : - - =— - WY 1997 Peak Water Surface (Q= 232cfs)
6482 + |
- |
6481 1 |
|
> : l
6480 i i L v o pe s VT Cpriiai TPV ITITITTToRv IR |

0 W 20 3 4 SO 6 70 8 9 100 110 120 130 140 150 160 170 180 190
Distance (ft) ' '



Elevation (NAVD, ft)

Upper Lee Vining Creek B1 Channel
1999 Longitudinal Thalweg Profile

Cross Section
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Elevation (NAVD, ft)
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Upper Lee Vining Creek B1 Channel,

1997 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)

\ .

Upper Lee Vining Creek B1 Channel,
; 1999 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)
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Upper Lee Vining Creek, A4 Channel Cross Section 03+29
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Upper Lee Vining Creek, A4 Channel Cross Section 04+04
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Elevation (NAVD, ft)
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Upper Lee Vining Creek, A4 Channel Cross Section 05+15
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Elevation (NAVD, ft)

Upper Lee Vining Creek, A4 Channel Cross Section 06+80
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Upper Lee Vining Créek, B1 Channel Cross Section 06+08,
Bed Surface Mobility Modeling Cross Section
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Elevation (NAVD, ft)

Upper Lee Vining Creek, Main Channel Cross Section 00+26
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Upper Lee Vining Creek - Main Channel Cross Section 03+45
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

Upper Lee Vining Creek, Main Channel Cross Section 09+31
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Elevation (NAVD, ft)

Upper Lee Vining Creek, Main Channel Crbss Section 10+44
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Elevation (NAVD,

Upper Lee Vining Creek, Main Channel Cross Section 13+92
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Elevation (NAVD, ft)

Lower Lee Vining Creek Main Channel,
1999 Longitudinal Thalweg Profile

Cross Section . Cross Section
01+15 . 03+57

6474 - | |

rrrre

6472 |
6470 £

6468 £

|
|
]
|
|
i
]
|
|
|
|
_ |
6462 + :
|
|

6460 |

6454

7/24/99 Ground surface

6452 + 7/24/99 Water surface (Q= 36¢fs)

— - = = WY1999 Peak Water Surface (Q = 141cfs)

0 100 200 300 400 500 600

Distance (ft)



Elevation (NAVD, ft)
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Elevation (NAVD, ft)

Lower Lee Vining Creek B1 Channel,

1998 Longitudinal Thalweg Profile
6472 '§

6471 £
6470 £
6469 +

6468 £ '

y = 0.0236x + 6454
R?=0983

6459 £
6458

6457 +

- 9/17/98 Ground surface
————— Linear (9/17/98 Ground surface)

-
-
3 -
-

E -~
6454 ¢
6452 ST W W e T E— S B B TS ST S e ST B A SY O O W WU A I D U S A W A S O S S S A S W I W W S W W I W [ RTETEr T PRI A TS A AT AT bt

1 T t t T

] 50 100 150 200 250 300 350 400 450 500 550 600 650
Distance (ft)



Elevation (NAVD, ft)
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Elevation (NAVD, ft)
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Lower Lee Vining B1 Channel Cross Section 1+80
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Elevation (NAVD, ft)
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Lower Lee Vining Main Channel Cross Section 3+57
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Rush Creek Cross Section and Reference Pin Summary Sheet

' Cross 1057 long
Cument Lower Upper Total Angle Section Profile
Cross Old Cross Upper Left Lower Left  Right Right Cross fromLB Intersection Intersection
Section Section Bank Pin Bank Pin Bank Pin BankPin Section pintoRB  with 1997  with Cross
Site Label Label Elev. Elev. Elev. Elev. Length pin Long Profile Section Fieldbook # and Page #s Notes
(ft) (ft) () ) () __Degrees (R) ()
Lower BM1 6491.407 SITE BENCHMARK
Lower 00+86 E 6490.07 6486.82 127.50 80 58.5 858 Fieldbook 3, page 138-139
Lower 03+30 F 6488.67 6488.25 5§2.30 10 ? ~330.2  Fieidbook 2, page 114-117
Lower 04+08 D 6489.62 6489.22 649208 22940 a3 154.4 408.2 Fieldbook 3, page 130-135 there is another pin past the "upper” left bank pin, Top of pin elev.=6490.97 ft
Lower 05+49 none 6489.45 6489.55 58.50 25 ~549.2  Fieldbook 2, page 134-139
Lower 07425 [+ 640247 649245 6491.26 154.50 Kol 00.4 7253 Fieldbook 3, page 126-129
Lower 07+70 B 6484.13 6493.30 6491.27 156.50 82 83.0 7703 Fieldbook 3, page 122-125
Lower 10+10 A 849792 848210 848489 - 188.00 15 23.20 1009.5 Fieldbook 3, page 116-121
Lower 8+82 ‘H 8477.75 ' 6476.04 94.70 42 none none Fieldbook 2, page 124-133 Bed load mobility cross section
Lower 5+07 D 7/88 6483.70 6481.26 119.50 80 Fieldbook 4, page 82.93
Lower 1457 E 708 6484.34 648321 7250 184 Fieldbook 4, page 82.93
Upper M 6896.161 SITE BENCHMRK
Upper 0+00 DUS. 395 688545 ©887.88 76.00 Fieldbook 5, page 138-143
Upper 0+74 AU.S. 395 6887.99 6889.02 63.30 145 Fieldbook 5, page 134-137
Upper 1405 EU.S 385 6868.14 6886.43 66.60 Fieldbook 5, page 144-147
Upper 5445 BU.S 395 6801.70 660213 689645 168.70 182 Fieldbook 5, page 152-155 The upper right bank pin is also the upper right bank pin for cross section 07455
Upper 7455 none - 6897.36 680845 689645 15580 Fieldbook 7, page 2-9
Upper 6+15 GU.S 385 6808.99 6897.17 88.90 Fieldbook 68, page 5-10
Upper 8+40 nones 6896.89 6897.17 51.90 Fieldbook 10, page 113-114 This cross section shares the same left bank and right bank as cross section 09+15
Upper 11468 FU.S. 385 6900.47 6900.37 29.30 Fieldbook 6B, page 1-4
Upper 12485 CU.S 385 6903.49 6904.40 47.00 167 Fieldbook S, page 158-159
Upper 13+38 none 6907.18 690392 690526 600516 324.80 Fieldbook 7, page 12-25 Valley Wide XS
10-Chan 68496.00 Ref Pin on RB hilislope above gravel bar
County Rd BM1 6434.142 SITE BENCHMRK
CountyRd  02+17 none 6429.19 6428.15 6428.71 643067 22420 Fieldbook 13, page 39-468
CountyRd  06+85 none 6432.81 643262 643232 171.00 Fieldbook 11, page 118-125
CountyRd  08+30 none 644009 6433.76 6437.26 285.90 Fieldbook 13, page 29-38
CountyRd 11459 none ’ 6439.11 6436.17 239.50 Fieldbook 11, page 136-145
CountyRd  15+19 none 644308 644341 644116 644676 318.50 Fieldbook 11, page 126-135

Cross sections do not use the same benchmarks. See cross section sheets or notebooks.




Upper Rush Creek,
1998 Longitudinal Thalweg Profile

13+36

o
3
<
o)
R R R R LR R
>
3 N TR T T T T PR PR .-
+ .
BN
-
-
\
.
©
R N S E LT TR TP PP PP
- -
-
@
3
b=
]
(7]
v
[=
3
S
g )
2 3
o ~
O i eaeeeeaccecsssscnadesmecgertrcancancnsncnnns -—
S
& o o
< ©
[+]
Q
7]
3]
O
g
8 —
w“ llllllllllllllllllllllll
o / )
- ]
. )
n
[ ]
.
.
it 0
?
.
\
.
7o) -
<
} St ececsmecsseccsascsescnanannanneese
0
=]
0 .
? \
S sesecvmmmcmsanns » S e w5 e e e e "eceescesessse IUIIIlIIGIII
2 ¥
N e eemee e e eeeeeeeeeeeicaceeeeeeeaanaas) \
o
=]
[~
m lllllllllllllllllllllllllllllllllllllll - oeaa
o
=]

......

59cfs)

= = =« = = =9/17/98 Water surface (Q

— - - — 1998 Peak water surface elevation data taken from the
individual cross section surveys (Q= 538 cfs)

700

Distance (ft)

AN L da b e 1

o
(2]
3 A
°
<
&£.-.-4
= ]
ES T
1] b
S 3
<) 1
o 3
h= 1
O p
B ]
= 1
7] ]
[ = 4
Q 1
o b

(4 ‘aAVN) uoneas|a

1000

1200 1300 1400

1100

800

800

600

500

300

100



Elevation (NAVD, ft)

Upper Rush Creek,
1998 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

Upper Rush Creek, Cross Section 00+00
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Elevation (NAVD, ft)

Upper Rush Creek, Cross Section 00+74
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Upper Rush Creek, Cross Section 01+05
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Elevation (NAVDI, ft)
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Upper Rush Creek, Cross Section 07+55
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Upper Rush Creek, Cross Section 09+15
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Elevation (NAVD, ft)

Upper Rush Creek, Cross Section 09+40
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“Upper Rush Creek, Cross Section 11+68
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Upper Rush Creek, Cross Section 12+95
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Upper Rush Creek, Valley-Wide Cross Section 13+36
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| Lower Rush Creek Main Channel,

1997 Longitudinal Thalweg Profile
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Lower Rush Creek Main Channel,
1998 Longitudinal Thalweg Profile
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Lower Rush Creek Main Channel,
1999 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)

Lower Rush Creek Main Channel,
1997 Longitudinal Thalweg Profile
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Elevation (NAVD ft)

Lower Rush Creek Main Channel,
1998 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

Lower Rush Creek 10-Channel,
1998 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)
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Lower Rush Creek, Cross Section -09+82
Bedload Mobility Modeling Cross Section
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Elevation (NAVD, ft)

Lower Rush Creek, Cross Section -05+07
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Lower Rush Creek, Cross Section -01+56
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Lower Rush Creek, Cross Section 03+30
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Lower Rush Creek, Cross Section 04+08
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Lower Rush Creek, Cross Section 05+49
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Lower Rush Creek, Cross Section 07+25
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Elevation (NAVD, ft)
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Lower Rush Creek, Cross Section 07+70
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Elevation (NAVD, ft)

Lower Rush Creek, Cross Section 10+10
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Rush Creek County Road,
1999 Longitudinal Thalweg Profile
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Elevation (NAVD, ft)
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County Road Rush Creek, Cross Section 06+85
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

County Road Rush Creek, Cross Section 11+59
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Elevation (NAVD, ft)
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Parker Creek Cross Section and Reference Pin Summary Sheet

Lower Upper Cross
Current Left Lower Right Total Angle Section Long Profile
Cross Old Cross Upper Left Bank Right Bank Cross fromLB Intersection Intersection
Section Section BankPin Pin BankPin Pin  Section pinto RB with Long with Cross
Site Label Label Elev. Elev. Elev. Elev. Length pin Profile Section Fieldbook # and Page #'s
(ft) (ft) Y] () (f) Degrees (ft) ()

Parker BM1 ~7031.49 SITE BENCHMARK (Est 8-10-99, by M&T, GPS survey by LADWP) Mono-Rush Creek #11, pg 82-83
Parker 00+23 7025.11 7026.09 29.70 7.8 23.4 Mono-Rush Creek #11, pg 94-95
Parker 02+10 7028.20 7028.93 34.10 . 229 209.8 Mono-Rush Creek #11, pg 96-97
Parker 02+51 7028.20 7029.01 24.20 15.8 250.6 Mono-Rush Creek #11, pg 98-99
Parker 02+67 7029.01 7028.23 32.00 131 268.7 Mono-Rush Creek #11, pg 100-10
Parker 03+04 7029.26 7029.15 21.00 10.5 304.1 Mono-Rush Creek #11, pg 102-10
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Elevation (NAVD, ft)

Parker Creek - Cross Section 00+23
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

Parker Creek - Cross Section 02+51
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Elevation (NAVD, ft)
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Elevation (NAVD, ft)

7035

Left bank looking downstream
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Walker Creek Cross Section and Reference Pin Summary Sheet

Lower Lower ‘ Cross
Current Left Right Upper ~ Total  Angle Section Long Profile
Cross Old Cross Upper Left Bank Bank Right Cross from LB Intersection intersection
Section Section BankPin  Pin Pin Bank Pin Section pinto RB with Long  with Cross
Site Label Label Elev. Elev. Elev. Elev. Length pin Profile Section Fieldbook # and Page #'s
(ft) (ft) (ft) (ft) () Degrees + (ft)
Walker BM1 ‘ 6848.50 SITE BENCHMARK (Est. 8-11-99, by M&T, GPS survey by LADWP) Mono-Lee Vining #12, pg 92
Walker 00+23 6855.70 6855.11 ° 69.80 352 . 230 Mono-Lee Vining #12, pg 92-95
Walker 01+52 6856.14 6856.84 64.30 339 1561.6 Mono-Lee Vining #12, pg 96-99
Walker 01+99 6857.26 6858.71 92.80 30.9 198.8 Mono-Lee Vining #12, pg 100-10
Walker 02+85 6858.71 6859.02 91.70 36.7 285.1 Mono-Lee Vining #12, pg104-10
Walker

03+64

6859.49 6859.01 79.10 304 364.1 Mono-Lee Vining #12, pg 108-11



Elevation (NAVD, ft)
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Walker Creek,
1999 Longitudinal Thalweg Profile

y = 0.0103x + 6850.4
R?=0.8888

e 8/11/99 Ground surface

Linear (8/11/99 Ground surface)

6850 +

200 300
Distance (ft)

400

500



Elevation (NAVD, ft)

| Walker Creek - Cross Section 00+23

Left bank looking downstream : g Right bank

6854

6853 |

6852 - — 8/11/99 Ground surface

TTTTHTTTITrTT

------ 8/11/99 Water surface (Q= 7.2 cfs)

6851
: - - - - \WY1999 Peak Water Surface (Q= 30cfs)

6850:l|II|IIII|IIII|1|I||IIIl|l|lvl]IllI|Il||||l|||||||>|
0 10 20 30 40 50 60 70 80 90 100

Distance From Left Bank Pin (ft)



Elevation (NAVD, ft)

6860 ¢ .
Left bank looking downstream Right bank
6859
6858

6857 — |
6856 dt
6855 -
6854 —
6853 -
6852

6851 |

Walker Creek - Cross Section 01+52

———8/11/99 Ground surface
------ 8/11/99 Water surface (Q= 7.2 cfs)
— «+ — WY1999 Peak Water Surface (Q= 30cfs)

6850

T T LI 7 T T T T T T T T T T Y T T T T 1 T T T LI | T T T LI | T

10 20 30 40 50 60 70 80 90
" Distance From Left Bank Pin (ft)

T T T T T T T T T T T T

100



Elevation (NAVD, ft)

6860 ¢ .
- Left bank looking downstream
6859
6858

6857
6856
6855

6854

6852
6851

6850

6853

_ Walker Creek - Cross Section 02+85

P

- omm e s s Aam v % A s s mam % 4 s e o aam % b WA s o

Right bank

—— 8/11/99 Ground surface

------ 8/11/99 Water surface (Q= 7.2 cfs)
— - - — WY1999 Peak Water Surface (Q= 30cfs)

0

LN I B BN B

10

T T ¥ T T T T T T T T T T T T T T T T

20

30

40 50 60 70 80
Distance From Left Bank Pin (ft)

 EES S s B SEEn B BN SR SR B B R S B

90

100



Elevation (NAVD, ft)

Walker Creek - Cross Section 03+64
t Left bank looking downstream | : Right bank
6859
6858 £
6857

6856 |

6855 +
6854 -

6853

6852 +
r _ 8/1 1/99 Ground surface

6851 _ ------ 8/11/99 Water surface (Q= 7.2 cfs)

- -« = WY1999 Peak Water Surface (Q= 30cfs)

6850 E LEN I B B | ¥ T LI v -y T 1T T LA T V T T LARNNN RN T T T T T T T 17T LI | T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Distance From Left Bank Pin (ft)




APPENDIX C:

WY 1998-1999 '
SCOUR CORE SUMMARY
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UPPER LEE VINING CREEK MAINSTEM CROSS SECTION 13+92 SCOUR CORE SUMMARY

Scour inducing discharge (7/9/98) = 337 cfs Water Slope 7/9/98 = 0.028
7/9/98 Water Surface Elevation = 6539.33 ft 1998 D5,;=58 mm 1998 Ds5;=104 mm 1998 Dgs=260 mm
: Core #1 Core #2
Elevation of scour core tracer gravel (pre-flow) 6538.86 ft 6537.55ft
Elevation of scour core tracer gravel (post flow) 6538.92 ft 6537.35 ft
Scour 0.00 ft -0.20 ft
Scour 0 mm -61 mm
Ground surface elevation above scour core (post flow)- : 6539.03 ft 6537.54 ft
Deposition . 0.11ft : 0.19 ft
Deposition - : 34 mm 58 mm

UPPER LEE VINING CREEK MAINSTEM CROSS SECTION 10+44 SCOUR CORE SUMMARY '
Scour inducing discharge (7/9/98) = 337 cfs Water Slope 7/9/98 = 0.028

7/9/98 Water Surface Elevation = 6529.30 ft 1998 D3;=84 mm 1998 D5;=111 mm 1998 Dg,=208 mm
' . . Core #1 Core #2
Elevation of scour core tracer gravel (pre-flow) - not placed not placed
Elevation of scour core tracer gravel (post flow) not placed not placed
Scour ' not placed not placed
Scour B not placed not placed
Ground surface elevation above scour core (post flow) not placed not placed
Deposition ' not placed not placed
Deposition ' not placed not placed
UPPER LEE VINING CREEK MAINSTEM CROSS SECTION 03+73 SCOUR CORE SUMMARY
Scour inducing discharge (7/9/98) = 340 cfs Water Slope 7/9/98 = 0.028
7/9/98 Water Surface Elevation = 6507.24 #t 1998 D3,=84 mm 1998 D5p=111 mm 1998 Dg,=208 mm
Station 64 Station 68.5
Elevation of scour core tracer gravel (pre-flow) 6506.49 ft 6506.03 ft
Elevation of scour core tracer gravel (post flow) 6506.50 ft 6505.46 ft
Scour 0.00 ft -0.57 ft
Scour _ ' 0 mm -174 mm
Ground surface elevation above scour core (post flow) 6506.54 ft 6505.51 ft
Deposition 0.04 ft 0.05 ft

Deposition ) 12 mm 15 mm




UPPER LEE VINING CREEK MAINSTEM CROSS SECTION 13+92 SCOUR CORE SUMMARY

Scour inducing discharge (6/19/99) = 99 cfs Water Slope 6/19/99 = 0.028
6/19/99 Water Surface Elevation=  6539.79 ft 1998 D3;=58 mm 1998 D5;=104 mm 1998 Dg,=260 mm
: Core #1 Core #2
Elevation of scour core tracer gravel (pre-flow) 6538.98 ft 6537.56 ft
Elevation of scour core tracer gravel (post flow) 6538.90 ft 6537.51 ft
Scour - -0.08 ft -0.05 ft
Scour ‘ 24mm -15 mm
Ground surface elevation above scour core (post flow) 6539.03 ft 6537.72 1t
Deposition ‘ 0.13 ft 0.21 ft
Deposition 40 mm 64 mm

UPPERILEE VINING CREEK MAINSTEM CROSS SECTION 10+44 SCOUR CORE SUMMARY

Scour inducing discharge (6/19/99) = 99 cfs Water Slope 6/19/99 = 0.028
6/19/99 Water Surface Elevation=  6528.69 ft 1999 D3;=84 mm 1999 Dsp=111 mm 1999 Dg,=208 mm
, Core #1 Core #2
Elevation of scour core tracer gravel (pre-flow) 6527.61 ft 6528.60 ft
Elevation of scour core tracer gravel (post flow) 6527.34 ft 6528.42 ft
Scour : -0.27 ft =018 ft
Scour -82 mm -556 mm
Ground surface elevation above scour core (post flow) - 6527.40 ft 6528.42 ft
Deposition - 0.06 ft 0.00 ft
Deposition ‘ 18 mm 0mm
UPPER LEE VINING CREEK MAINSTEM CROSS SECTION 03+73 SCOUR CORE SUMMARY
Scour inducing discharge (6/19/99) = 198 cfs Water Slope 6/19/99 = 0.028
6/19/99 Water Surface Elevation=  6507.43 ft 1998 D3y=84 mm 1998 Dsp=111 mm 1998 Dg,=208 mm
; Station 64 Station 68.5
Elevation of scour core tracer gravel (pre-flow) 6506.97 ft 6506.07 ft
Elevation of scour core tracer gravel (post flow) 6506.67 ft 6505.77 ft
Scour -0.30 ft -0.30 ft
Scour : -91 mm 91 mm
Ground surface elevation above scour core (post flow) 6506.66 ft 6505.94 ft
Deposition 001t v 0.17 ft

Deposition . . -3mm 52 mm




LOWER LEE VINING CREEK MAINSTEM CROSS SECTION 01+15 SCOUR CORE SUMMARY

"Scour inducing discharge (7/9/98) = 160 cfs Water Slope 7/9/98 = 0.0261

7/9/98 Water Surface Elevation = 6460.83 ft 1998 D3;=74 mm 1998 D5p=111 mm 1998 Dg;=194 mm
Core #1 Core #2

Elevation of scour core tracer gravel (pre-flow) . 6465.02 ft 6465.47 ft

Elevation of scour core tracer gravel (post flow) 6465.01 ft 6465.46 ft

Scour » -0.01 ft -0.01 ft

Scour -3 mm -3 mm

Ground surface elevation above scour core (post flow) 6465.01 ft 6465.46 ft

Deposition ' 0.00 ft 0.00 ft

Deposition : 0 mm 0 mm

LOWER LEE VINING CREEK B1 CHANNEL CROSS SECTION 00+87 SCOUR CORE SUMMARY

Scour inducing discharge (7/9/98) = 211 cfs -~ Water Slope 7/9/98 = 0.0236

7/9/98 Water Surface Elevation = 1998 D3;=58 mm 1998 D5,=104 mm 1998 Dg,=260 mm

_ Station 29 '

Elevation of scour core tracer gravel (pre-flow) . not placed

Elevation of scour core tracer gravel (post flow) not placed

Scour ' not placed

Scour not placed

Ground surface elevation above scour core (post flow) not placed

Deposition : _not placed

Deposition : " not placed




LOWER LEE VINING CREEK MAINSTEM CROSS SECTION 01+15 SCOUR CORE SUMMARY

Scour inducing discharge (6/1/99) = 151 cfs Water Slope 6/19/99 = 0.0261

6/19/99 Water Surface Elevation =  6460.18 ft 1998 D3;=74 mm 1998 Dsp=111 mm 1998 Dg=194 mm
Core #1 Core #2

Elevation of scour core tracer gravel (pre-flow) 6465.01 ft 6465 .47 ft

Elevation of scour core tracer gravel (post flow) 6465.04 ft 6465.45 ft

Scour 0.00 ft -0.02 ft

Scour ’ : 0mm -6 mm

Ground surface elevation above scour core (post flow) 6465.01 ft 6465.46 ft

Deposition -0.03 ft 0.01 ft

Deposition 1 -9 mm 3mm

LOWER LEE VINING CREEK B1 CHANNEL CROSS SECTION 00+87 SCOUR CORE SUMMARY
Scour inducing discharge (6/1/99) = 124 cfs Water Stope 6/19/99 = 0.0261
6/19/99 Water Surface Elevation=  6458.01 ft 1998 D3;=58 mm 1998 D5;=104 mm 1998 Dy,=260 mm
Station 29

Elevation of scour core tracer gravel (pre-flow) 6457.46 ft

Elevation of scour core tracer gravel (post flow) 6457.36 ft

Scour -0.10 ft

Scour ‘ -30 mm

Ground surface elevation above scour core (post flow) _ 6457.44 ft

Deposition : 0.08 ft

Deposition 24 mm
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UPPER RUSH CREEK MAINSTEM CROSS SECTION 12+95 SCOUR CORE SUMMARY

Scour inducing discharge (7/23/98) = 538 cfs Water Slope 7/23/98 = 0.0143
7/23/98 Water Surface Elevation=  6903.39 ft 1998 D3,=52 mm 1998 D5;=76 mm 1998 Dg,=147 mm
Station 22 Station 32.1
Elevation of scour core tracer gravel (pre-flow) 6901.50 ft 6902.14 ft
Elevation of scour core tracer gravel (post flow) 6901.17 ft 6902.02 ft
Scour -0.33 ft -0.12 ft
Scour - =101 mm -37 mm
Ground surface elevation above scour core (post flow) 6901.36 ft 6902.12 ft
Deposition 0.19 ft 0.10 ft
Deposition : 58 mm 30 mm
UPPER RUSH CREEK MAINSTEM CROSS SECTION 05+45 SCOUR CORE SUMMARY
Scour inducing discharge (7/23/98) = 538 cfs ) Water Slope 7/23/98 = 0.0143
7/23/98 Water Surface Elevation =  6890.43 ft 1998 D;3;=60 mm 1998 Ds;=84 mm 1998 Dgs=119 mm
: Station 28.5/Core #1 Core #2
Elevation of scour core tracer gravel (pre-flow) 6888.47 ft 6888.66 ft
Elevation of scour core tracer gravel (post flow) . 6887.43 ft 6888.41 ft
Scour ' -1.04 ft -0.26 ft
Scour -317 mm -76 mm
Ground surface elevation above scour core (post flow) 6888.38 ft 6889.02 ft
Deposition ! : : 0.95 ft 0.61ft
Deposition ' 290 mm 186 mm
UPPER RUSH CREEK MAINSTEM CROSS SECTION 01+05 SCOUR CORE SUMMARY
Scour inducing discharge (7/23/98) = 538 cfs Water Slope 7/23/98 = 0.0143
7/23/98 Water Surface Elevation =  6885.23 ft 1998 D3;=42 mm 1998 D5;=68 mm 1998 Dgs=157 mm
: Core #1 Core #2 Core #3
Elevation of scour core tracer gravel (pre-flow) , 6883.54 ft 6883.33 ft 6883.26 ft
Elevation of scour core tracer gravel (post flow) 6883.31 ft 6882.95 ft . 6882.57 ft
Scour . -0.23 1t -0.38 ft -0.69 ft
Scour ' -70 mm -116 mm -209 mm
Ground surface elevation above scour core (post flow) 6883.55 ft 6883.34 ft 6882.96 ft
Deposition ‘0.24 1t 0.39 ft 0.39 ft

Deposition ‘ 73 mm 119 mm 119 mm




'UPPER RUSH CREEK MAINSTEM CROSS SECTION 12+95 SCOUR CORE SUMMARY

Scour inducing discharge (7/10/99) = 201 cfs Water Slope 7/10/99 = 0.0145
7/10/99 Water Surface Elevation =  6903.06 ft 1998 D3;=52 mm 1998 Dsy=76 mm 1998 Dgs=147 mm
Station 22 Station 32.1
Elevation of scour core tracer gravel (pre-flow) : 6901.22 ft 6902.13 ft
Elevation of scour core tracer gravel (post flow) 6901.23 ft 6902.05 ft
Scour 0.00 ft -0.08 ft
Scour 0 mm -24.mm
Ground surface elevation above scour core (post flow) 6901.51 ft 6902.05 ft
Deposition . - 0.28ft 0.00 ft
Deposition 85 mm 0 mm
UPPER RUSH CREEK MAINSTEM CROSS SECTION 09+40 SCOUR CORE SUMMARY
Scour inducing discharge (7/10/99) =201 cfs Water Slope 7/10/99 = 0.0145
7/10/99 Water Surface Elevation =  6895.60 ft 1999 D3;=30 mm 1999 D5;=48 mm 1999 Dg,=91 mm
, Station 35.4 ~ Station 43.3
Elevation of scour core tracer gravel (pre-flow) 6895.28 ft 6895.02 ft
Elevation of scour core tracer gravel (post flow) 6895.27 ft 6895.43 ft
Scour -0.01 ft 0.00 ft
Scour -3 mm 0 mm
Ground surface elevation above scour core (post flow) - 6895.27 ft 6895.43 ft
Deposition ' 0.00 ft 0.00 ft
Deposition . 0 mm 0 mm

UPPER RUSH CREEK MAINSTEM CROSS SECTION 05+45 SCOUR CORE SUMMARY

Scour inducing discharge (7/10/99) = 201 cfs Water Slope 7/10/99 = 0.0145
7/10/99 Water Surface Elevation =  6889.51 ft 1998 D3;=60 mm 1998 D5;=84 mm 1998 Dg=119 mm
Station 28.5/Core #1 Core #2
Elevation of scour core tracer gravel (pre-flow) 6888.22 ft 6888.71 ft
Elevation of scour core tracer gravel (post flow) 6891.70 ft 6888.19 ft
Scour ' 0.00 ft . -0.52ft
.Scour 0 mm -158 mm
Ground surface elevation above scour core (post flow) 0.00 ft 6888.38 ft
Deposition ‘ : -6891.70 ft 0.19 ft

Deposition ) -2100590 mm 58 mm




| .

UPPER RUSH CREEK MAINSTEM CROSS SECTION 01+05 SCOUR CORE SUMMARY

Scour inducing discharge (7/10/99) = 201 cfs Water Slope 7/10/99 = 0.0145
7/10/99 Water Surface Elevation=  6884.88 ft 1998 Dyy=42 mm 1998 D5;=68 mm 1998 Dgs=157 mm
Core #1 Core #2 Core #3
Elevation of scour core tracer gravel (pre-flow) 6883.46 ft 6883.21 ft 6882.87 ft
Elevation of scour core tracer gravel (post flow) 6883.40 ft 6883.24 ft 6882.82 ft
Scour -0.06 ft 0.00 ft -0.05 ft
Scour ’ -18 mm 0 mm -15 mm
Ground surface elevation above scour core (post flow) 6883.46 ft 6883.24 ft - 6882.82 ft
Deposition 0.06 ft 0.00 ft 0.00 ft

Deposition 18 mm 0 mm 0 mm




ROSS SECTION 07+70 SCOUR CORE SUMMARY

LOWER RUSH CREEK MAINSTEM
discharge (7/23/98) = 387 cfs

Water Slope 7/23/98 = 0.0070

Scour inducing

7/23/98 Water Surface Elevation = 6491.07 ft 1998 D3;=40 mm 1998 D5,=56 mm 1998 Dg=97 mm
- : Station 103
Elevation of scour core tracer gravel (pre-flow) . . 6490.87 ft
Elevation of scour core tracer gravel (post flow) : 6490.94 ft
Scour ’ , 0.00 ft
Scour 0 mm
Ground surface elevation above scour core (post flow) 6490.94 ft
Deposition . 0.00 ft
Deposition . 0 mm
LOWER RUSH CREEK MAINSTEM CROSS SECTION 07+25 SCOUR CORE SUMMARY
Scour inducing discharge (7/23/98) = 387 cfs : Water Slope 7/23/98 = 0.0070
7/23/98 Water Surface Elevation = 6490.59 ft ' 1998 D3;=40 mm 1998 D5;=56 mm 1998 Dg,=97 mm
' Station 116
Elevation of scour core tracer gravel (pre-flow) 6490.76 ft
Elevation of scour core tracer gravel (post flow) 6490.80 ft
Scour - ' ' 0.00 ft
Scour _ 0 mm
Ground surface elevation above scour core (post flow) 6490.80 ft
Deposition ’ 0.00ft -
Deposition 0 mm
* LOWER RUSH CREEK MAINSTEM CROSS SECTION 05+49 SCOUR CORE SUMMARY
Scour inducing discharge (7/23/98) = 387 cfs Water Slope 7/23/98 = 0.0070
7/23/98 Water Surface Elevation = 6489.30 ft 1998 D3,=n/a 1998 Ds5= n/a 1998 Dgs= n/a
: Station 11 Station 21 Station 31 Station 41
Elevation of scour core tracer gravel (pre-flow) 6487.70 ft 6486.96 ft 6486.63 ft 6486.90 ft
Elevation of scour. core tracer gravel (post flow) 6487.57 ft 6486.85 ft 6486.64 ft 6486.71 ft
Scour -0.13 ft -0.11 0.00 ft -0.19 ft
Scour " -40 mm -34 mm 0 mm » -58 mm
Ground surface elevation above scour core (post flow) 6487.63 ft 6486.96 ft 6486.97 ft 6486.91 ft
Deposition : ’ 0.06 ft 0.11 ft 0.33 ft 0.20 ft

Deposition 18 mm 34 mm 101 mm - 61 mm




LOWER RUSH CREEK MAINSTEM CROSS SECTION 04+08 SCOUR CORE SUMMARY _

= R R
Scour inducing discharge (7/23/98) = 387 cfs - Water Slope 7/23/98 = 0.0070
7/23/98 Water Surface Elevation = 6488.85 ft 1998 D3;=26 mm 1998 D5;=36 mm 1998 Dg,=56 mm
' - Station 142.7 Station 150.7
Elevation of scour core tracer gravel (pre-flow) 6485.92 ft 6486.12 ft
Elevation of scour core tracer gravel (post flow) 6485.36 ft 6485.59 ft .
Scour -0.56 ft -0.53 ft NO TRACER GRAVEL RECOVERED
Scour -171 mm _ -162 mm (PROBABLY DID NOT DIG DEEP
Ground surface elevation above scour core (post flow) 6485.84 ft 6486.44 ft ENOUGH)
Deposition . 0.48 ft 0.85 ft
Deposition ' 146 mm 259 mm
LOWER RUSH CREEK MAINSTEM CROSS SECTION 03+30 SCOUR CORE SUMMARY
Scour inducing discharge (7/23/98) = 387 cfs Water Slope 7/23/98 = 0.0070
7/23/98 Water Surface Elevation = 6488.50 ft 1998 D3;=n/a 1998 Dso= n/a 1998 Dgs= n/a
Station 13 Station 20 Station 27
Elevation of scour core tracer gravel (pre-flow) 6486.56 ft 6486.23 ft 6486.08 ft
Elevation of scour core tracer gravel (post flow) 6486.09 ft - 6485.68 ft 6485.33 ft NO TRACER GRAVEL RECOVERED
Scour -0.47 ft -0.55 ft -0.75 ft {scour exceeded depth of scour core
Scour : _ -143 mm -168 mm -229 mm placement)
Ground surface elevation above scour core (post flow) 6486.40 ft 6486.23 ft . 6485.33 ft
Deposition . 0.31 ft 0.55 ft 0.00 ft
Deposition 94 mm 168 mm 0 mm
LOWER RUSH CREEK MAINSTEM CROSS SECTION 00+86 SCOUR CORE SUMMARY
Scour inducing discharge (7/23/98) = 387 cfs Water Slope 7/23/98 = 0.0070 ,
7/23/98 Water Surface Elevation = 6485.06 ft 1998 D31=n/a 1998 D5p= n/a 1998 Dgs= n/a
. Station 51 Station 57 Station 72 Station 82
Elevation of scour core tracer gravel (pre-flow) 6483.28 ft 6484 .47 ft 6486.59 ft 6486.46 ft
Elevation of scour core tracer gravel (post flow) 6482.98 ft 6484 .26 ft 6486.56 ft 6486.46 ft
Scour ' -0.30 ft -0.21 ft -0.03 ft 0.00 ft
Scour -91 mm -64 mm -9 mm omm
Ground surface elevation above scour core (post flow) 6483.75 ft 6485.40 ft 6486.56 ft 6486.46 ft
Deposition 0.77 ft 1.14 ft 0.00 ft 0.00 ft
0 mm

Deposition 235 mm 347 mm 0 mm
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LOWER RUSH CREEK MAINSTEM CROSS SECTION 10+10 SCOUR CORE SUMMARY

‘Scour inducing discharge (7/10/99) = 151 cfs - Water Slope 7/10/99 = 0.0078
7/10/99 Water Surface Elevation =  6491.92 ft 1998 D5=29 mm 1998 Ds=46 mm 1998 Dgs=79 mm
, v Station 24.6 Station 30.1 = -
Elevation of scour core tracer gravel (pre-flow) , 6490.30 ft 6490.15 ft
Elevation of scour core tracer gravel (post flow) 6490.26 ft 6490.09 ft
Scour o -0.04 ft : -0.06 ft
Scour -12 mm -18 mm
Ground surface elevation above scour core (post flow) 6490.41 ft 6490.20 ft
Deposition ' 0.15ft 0.11 ft
Deposition ' A 46 mm 34 mm
LOWER RUSH CREEK MAINSTEM CROSS SECTION 07+70 SCOUR CORE SUMMARY

Scour inducing discharge (7/10/99) = 151 cfs Water Slope 7/10/99 = 0.0078
7/10/99 Water Surface Elevation = 6491.27 ft 1998 D3;=40 mm 1998 D5;=56 mm 1998 Dg =97 mm
- Station 103
Elevation of scour core tracer gravel (pre-flow) ’ 6490.87 ft
Elevation of scour core tracer gravel (post flow) : 6490.94 ft
Scour : 0.00 ft

- Scour ‘ : S 0 mm
Ground surface elevation above scour core (post flow) 6490.94 ft
Deposition 0.00 ft
Deposition : 0 mm

LOWER RUSH CREEK MAINSTEM CROSS SECTION 07+25 SCOUR CORE SUMMARY
Scour inducing discharge (7/10/99) = 151 cfs Water Slope 7/10/99 = 0.0078
7/10/99 Water Surface Elevation=  6489.97 ft 1998 D;,=40 mm 1998 D5;=56 mm 1998 Dg,=97 mm
4 Station 116

"Elevation of scour core tracer gravel (pre-flow) 6490.76 ft
Elevation of scour core tracer gravel (post flow) , 6490.74 ft
Scour -0.02 ft
Scour . ' ' -5 mm
Ground surface elevatlon above scour core (post flow) . 6490.74 ft
Deposition ‘ - 0.00ft

Deposition 0 mm



LOWER RUSH CREEK MAINSTEM CROSS SECTION 05+49 SCOUR CORE SUMMARY

Water Slope 7/10/99 = 0.0078
1998 Dy= n/a 1998 Dgo= n/a

“Scour inducing discharge (7/10/99) = 151 cfs
7/10/99 Water Surface Elevation =  6488.41 ft

1998 Dg4=n/a

: Station 11 Station 21 Station 31 Station 41
Elevation of scour core tracer gravel (pre-flow) 6487.70 ft 6486.96 ft 6486.63 ft 6486.90 ft
Elevation of scour core tracer gravel (post flow) 6487.57 ft 6486.85 ft 6486.64 ft 6486.71 ft
Scour -0.13 ft -0.11 ft 0.00 ft -0.19 ft
Scour ‘ -40 mm -34 mm 0mm - -58 mm
Ground surface elevation above scour core (post flow) 6487.63 ft 6486.96 ft 6486.97 ft 6486.91 ft
Deposition ' 0.06 ft 0.11 ft 0.33 ft 0.20 ft
Deposition 18 mm 34 mm 101 mm 61 mm

LOWER RUSH CREEK MAINSTEM CROSS SECTION 04+08 SCOUR CORE SUMMARY

Water Slope 7/10/99 = 0.0078

Scour inducing discharge (7/10/99) = 151 cfs ,
1998 D31=56 mm 1998 D5Q=36 mm

7/10/99 Water Surface Elevation=  6487.88 ft

1998 Dg;=26 mm

Station 147.2

Station 153.3

Elevation of scour core tracer gravel (pre-flow) 6486.11 ft 6486.33 ft
Elevation of scour core tracer gravel (post flow) 6486.06 ft 6486.20 ft
Scour ‘ -0.05 ft -0.13 ft
Scour - -15mm -40 mm
Ground surface elevation above scour core (post flow) 6486.26 ft 6486.20 ft
Deposition 0.20 ft 0.00 ft
Deposition 61 mm 0mm

LOWER RUSH CREEK MAINSTEM CROSS SECTION 03+30 SCOUR CORE SUMMARY

Scour inducing discharge (7/10/99) = 151 cfs

7/10/99 Water Surface Elevation =  6487.44 ft 1998 D3;=n/a 1998 Dgo= n/a

Water Slope 7/10/99 = 0.0078
1998 D84= n/a

_ Station 13 Station 20
Elevation of scour core tracer gravel (pre-flow) 6486.33 ft 6486.21 ft
Elevation of scour core tracer grave! (post ﬂow) 6486.28 ft 6486.07 ft
Scour -0.05 ft -0.14 ft
Scour -15 mm -43 mm
Ground surface elevation above scour core (post flow) 6486.42 ft 6486.21 ft
" Deposition 0.14 ft 0.14 ft
43 mm 43 mm

Deposition



LOWER RUSH CREEK MAINSTEM CROSS SECTION 00+86 SCOUR CORE SUMMARY

Scour inducing discharge (7/10/99) = 151 cfs Water Slope 7/10/99 = 0.0078
7/10/99 Water Surface Elevation =  6484.88 ft 1998 D31=n/a 1998 Dsp= n/a 1998 Dgs= n/a
Station 57 Station 72 Station 82
Elevation of scour core tracer gravel (pre-flow) 6485.41 ft 6486.56 ft 6486.46 ft
Elevation of scour core tracer gravel (post flow) -6485.39 ft 6486.56 ft 6486.46 ft
Scour . -0.02 ft 0.00 ft 0.00 ft
Scour . -6 mm 0 mm 0 mm
Ground surface elevation above scour core (post flow) 6485.39 ft 6486.56 ft 6486.45 ft
Deposition ' _ 0.00 ft 0.00 ft -0.01 ft

Deposition : 0 mm 0mm -3 mm
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1. INTRODUCTION

This report presents a synthesis and review of monitoring data collected in 1999 and prior-
years to evaluate the restoration of waterfowl habitat and use 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 is also presented. This
report is the first in a series of annual reports that will document monitoring results in and
around Mono Lake with respect to waterfowl 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 a 20 feet increase in level from 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
the difference in waterfowl 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
Waterfowl 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:

¢ rewatering of distributaries in Rush Creek;

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 conduct a monitoring program that includes
monitoring of hydrology, lake limnology and secondary producers, vegetation in riparian and
lake-fringing wetland habitat, and waterfowl population surveys and studies in accordance
with the provisions of the Waterfowl 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.
Mr. Don S. Paul and Dr. David M. Chapin, were contracted by LADWP and approved by the
SWRCB as waterfowl experts to oversee the waterfowl monitoring program and to report
annually on its results. 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 Drs.
David Chapin and 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 1999. Following the requirements of
Order 98-05, the specific objectives are to report on:

A. The status of waterfow! habitat restoration projects
B. The recovery of waterfowl habitat from increased streamflow and lake level
C. The results of waterfowl population surveys and studies

D. Other information relevant to restoration/recovery of wildlife habitat

In addition to these required objectives, this first annual waterfowl restoration report includes
one other objective: '

- E. summarize 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 (Objective E). Section 3 documents the results of all
1999 monitoring activities, including subsections on hydrology, limnology, vegetation and
habitat, and waterfowl populations surveys and studies. This section addresses Objective C
while giving an overview of the entire monitoring effort. Section 4 provides a status of
waterfowl habitat restoration projects (Objective A), and Section 5 presents information on
the recovery of waterfow! habitat from increased streamflow and lake level. ’

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 populations surveys (Objective D).
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2. SUMMARY OF RESTORATION MEASURES AND WATERFOWL
MONITORING ACTIVITIES PRIOR TO 1999

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 1999.
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
Waterfow] habitat restoration measures in the Mono Basin initiated prior to 1999 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 were 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 were 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
stratified lake condition known as meromixis, which has continued to the present. Salinity in
Mono Lake at the 6,384.4 feet lake level 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
needs to rise another 6.7 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 (USFS), 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
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rebuilding dikes below old ponds, construction of a new check dam and dike to create new
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 B\jrning

An experimental burn 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 a burn program in
lake-fringing wetlands (subject to the Chief of the Water Rights Division, SWRCB,
approval).

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 burn was
conducted at Simons Springs along the lakeshore. No formal documentation of these
experimental burns was available for review as of February 2000.

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 Channel Restoration Plan and provide limited waterfowl 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.
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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 1999. Other waterfowl restoration
measures identified in Order 98-05 include using shallow scrapes to make open water areas
within lake-fringing wetlands.

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 independent
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 month 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. Only a brief overview will be presented here.

Mason in 1967 documented abiotic and biotic conditions in Mono Lake, including a
description of the plankton communities. An interdisciplinary study led by David Winkler in
1977 was the next major effort made toward understanding the Mono Lake ecosystem. The
group led by Winkler 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
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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.

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 meromictic conditions result in no
annual vertical mixing of the lake, nutrient dynamics (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 Jellison et al. 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 Arfemia 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.

David Herbst has been responsible for much of the research to date on alkali fly populations
at Mono Lake. Herbst and his collaborators have investigate such questions as how alkali fly
abundance varies with depth, fly use of different substrates and open water, salinity effects
on alkali fly productivity, and the numerical abundance of the alkali fly on different substrate
types. Modeling of alkali fly productivity and abundance at different lake levels was
conducted by Jones and Stokes Associates as part of the Mono Basin EIR impacts analysis.

2.2.3 Waterfowl Habitat

Waterfowl habitat conditions around Mono Lake prior to diversions were based on
interpretation of 1940 aerial photographs.

Post-diversion vegetation around Mono Lake was sampled and classified by Burch et al.
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 Drummer and Cowell in 1985 and Hargis in 1986. Vorster
(1985) also sampled vegetation transects along the Mono Lake shoreline during this period.
None of these vegetation mapping efforts emphasized waterfowl habitat, although they do
provide information useful in characterizing waterfowl habitat.
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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.

Since Decision 1631 in 1995 and prior to 1997, there has been no systematic monitoring of
waterfowl habitat around Mono Lake. However, some incidental descriptions of waterfowl
habitat in certain areas around the lake were provided in waterfow! monitoring reports
conducted by J. Jehl and W. Lin.

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
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
Patten and Stromberg-Wilkins 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 waterway 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 waterfowl survey reported for
Mono Lake. There were no systematic waterfowl surveys for Mono Lake through the 1950s,
1960s, and early 1970s. In September of 1976, a waterfowl survey was conducted by
Winkler et al. Various individuals and groups through the 1970s and 1980s have collected
additional, sporadic waterfow] data. A professional wildlife biologist who has hunted Mono
Lake for waterfowl hundreds of times during the 1980s and early 1990s estimates the current
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- 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 and 1999. The Mono Lake
Committee has surveyed the entire Mono Lake for all b1rds 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
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
effort also included aerial surveys of waterfowl populations at Bridgeport Reservoir and
Crowley Lake. Waterfowl time budget studies were conducted during the same survey
periods, with a major effort in 1997.
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3. RESULTS OF 1999 MONITORING ACTIVITIES

Results of monitoring activities that occurred in 1999 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 elevations began and ended the 1999 calendar year at essentially the same
elevation (Table 2). Lake level was 6384.2 feet on January 5, 1999 and 6384.1 feet on
December 30, 1999 (data from LADWP using USGS datum). Peak lake level was 6,385.1
feet in July 1999. Lake level in January 1999 was 2.3 feet higher than the previous January
(1998), however lake level at the end of 1999 was 0.2 feet lower than the end of 1998. At a
6,384-foot lake level, estimated lake area is 45,665 acres and estimated volume is 2,641,837
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:

Rush Creek: 222 cfs on July 2 at the dam site and 257 cfs July 11 below the narrows,
Walker Creek: 29 cfs on May 29 and 29 cfs on June 20,

- Parker Creek: 52 cfs on June 24 and 47 cfs on July 14, and
Lee Vining Creek: 262 cfs on May 29 and 274 cfs on June 19.

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 33 cfs. There were no

diversions from Walker Creek, Parker Creek, or Lee Vining Creek for export during 1999.
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. Nineteen ninety-
five was the fifth year of data collection to assess the change in ground water depth as the
stream restoration program takes place. There are six piezometer wells in Rush Creek and
ten in Lee Vining Creek.

LADWP conducted surveys of springs and creeks within the Mono Basin complex on
September 13 and 14, 1999 as required under Order 98-05. This survey was conducted to
assess the condition of springs and streams that were first surveyed in August 1992, which
consisted of 34 separate springs and one creek. Increased lake elevation of 10.5 feet since
1992 resulted in the inundation of some previously surveyed springs, and only sixteen
springs and one creek were subsequently located and surveyed in 1999. The 1999 report
contains information on stream location (GPS coordinates), photographs, tufa conditions, and
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data on water quantity (flow), temperature, conductivity, and clarity. The report is attached
as Appendix II.

3.2 Lake Limnology

Limnology monitoring data in 1999, 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 1999 mixing and plankton dynamics in Mono Lake can be found in
Jellison et al. (2000), which is included as Appendix III to this report. Their 1999 research
continues the long-term investigations into the highly variable and dynamic Mono Lake
aquatic environment.

Limnological monitoring indicated that meromictic conditions present since 1996 in Mono
Lake continued in 1999. However, a decline of 0.1 feet in lake level since 1998 appeared to
moderate effects of meromixis on several physical, chemical, and biological parameters of
lake conditions. :

As of the end of 1999, meromictic conditions have been present in Mono Lake for five
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 has led to reduced phytoplankton productivity and biomass, which
continued in 1999.

The 1999 data show a slight moderation of meromixis since 1998 (Table 4). Some notable
differences between 1999 and the immediate previous years of meromictic condition include:

e the midsummer density gradient due to chemical stratification declined from 1998 to
1999; '

e epilimnetic chlorophyll concentrations in 1999 were as high as in 1998 and higher
than in 1996 and 1997,

e estimated primary production was higher in 1999 than in the previous three years;

o midsummer Arfemia abundance was slightly higher and female Artemia length
slightly longer; ' -

e mean annual biomass of Arfemia was higher in 1999 than in the previous three years;
and

e total annual Artemia cyst production increased from 1998 to 1999.

Despite some amelioration of meromictic conditions in 1999 compared to 1996 to 1998,
1999 still showed considerably lower chlorophyll concentrations, primary production rates,
abundance and biomass of Artemia, and total Artemia cyst production compared to most
previous monomictic years of 1989 to 1995.
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Limnological parameters that have showed little to no change in 1999 compared to 1996
through 1998 include: :

* a single late-summer peak Arfemia compared to two peaks typical of monomictic
years;

e daily ranges of primary production; and

e - mean Arfemia brood size,

Of direct importance to waterfowl and other water birds is the spatial and temporal
occurrence of adult Arfemia at Mono Lake. Vertical distribution of Arfemia 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
energetic demands. Arfemia biomass has remained relatively constant in Mono Lake from
1993 to 1999 (ap;z)roximately 8 to 9 g m? dry weight), except for a noticeably lower biomass
in 1997 (< 6 g m™). Artemia biomass, however, was much higher during 1987 through 1990
(11 to 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 Arfemia
size, was slightly longer in 1999 compared to 1998, but similar to 1996 and 1997. These data
suggest that Arfemia biomass and individual size is not showing a progressive decline during
the latest meromictic period, but rather 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

There are several elements for waterfowl] habitat monitoring in the Mono Basin. As required
by Order 98-05, vegetation transects were established and sampled, and aerial photography
was acquired and used for habitat mapping. Other vegetation monitoring pertaining to
waterfow] habitat includes monitoring associated with experimental burning and monitoring
of riparian and channel habitat in Rush Creek bottomlands.

3.3.1 Vegetation Transects

- Vegetation monitoring of lake-fringing and delta wetlands in 1999 included the
establishment and sampling of five sets of transects by LADWP, under the direction of David
Martin (Martin 2000, Appendix IV). .Transects were located at Simons Springs, Warm
Springs, DeChambeau Embayment, Rush Creek delta, and Lee Vining Creek delta. In the
lake fringing wetland areas, three transects were set up perpendicular to the shoreline and the
locations recorded with a Global Positioning System (GPS). From these transects, 50-meter
point intercept transects were extended parallel to the shoreline. In the deltas, transects were
established parallel to the shoreline (i.e., perpendicular to the channel), the locations recorded
with a GPS, and sampled using the point-intercept method.
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The vegetation transect sampling resulted in documented vegetation conditions in various -
locations around Mono Lake in 1999, including species composition and cover. Photographs
of transect endpoints were also taken during the sampling.

Based on data presented in Martin (2000), dominant species found in 1999 can be compared
to mapping of 1989 lake-fringing wetland vegetation conducted by Jones and Stokes. Such a
comparison is tentative because of the difficulty in accurately identifying either 1999 transect .
locations on aerial photographs and difficulty in identifying the location of polygons mapped
in Jones and Stokes EIR, which lack features that can be used to relate polygon locations to
the aerial photographs.

This comparison suggests that there has been considerable change in vegetation from 1989 to
1999 in some areas but not in others. The area sampled by these transects that appears to
have changed the most is Warm Springs. At that location, much of the vegetation within
approximately 600 meters of the current lake shoreline has changed from alkali lakebed and
dry meadow to marsh dominated by three-square (Scirpus pungens), alkali bulrush (S.
maritimus), and Nevada bulrush (S. nevadensis). There have also been substantial changes at
‘the transect locations in the DeChambeau Embayment. The lake has risen to within about
100 meters of the bare, Black Point sands. Vegetation between the sands and the water is
now dominated by a mixture of marsh dominated by three-square and dry meadow
dominated by meadow barely (Hordeum jubatum); in 1989 this area was alkali lakebed and
alkali meadow. In contrast to changes at these locations, vegetation at Simons transects is
very similar between 1989 and 1999. It also appears that vegetation types in the Rush and
Lee Vining creek deltas has not changed substantially in type over the 10-year period,
although there may have been changes in density or height of willow (Salix spp.) dominating
the floodplain in the delta areas.

3.3.2 Aerial Photography and Habitat Mapping

The mapping of vegetation in the Mono Basin waterfow] habitat is described in Appendix V.
The task consisted of three separate steps, each completed by a separate company under
contract to LADWP.  The first step consisted of the aerial photography, which was
completed by I. K. Curtis Inc. of Burbank, CA. The second step involved the conversion of
the aerial photography into a digital, geo-rectified, composite image, which was done by
AirPhoto USA of Phoenix, AZ. The final step included the interpretation of vegetation
classes and mapping of vegetation polygons into a GIS database, which was completed by
David Chapin of R2 Resource Consultants, Redmond, WA. ‘

Methods

Aerial photography was taken on September 2, 1999. The scale of photography was 1 inch =
3,000 feet, or 1:36,000 (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.” Pixel size of
the digital image was 1 meter and planimetric accuracy was 40 feet (90% of pixels within 40
feet of real location), although AirPhoto USA claimed that real accuracy was generally
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within 1 meter of control points. Optimum resolution on the digital composite image was
indicated to be at a scale of 1 inch = 300 feet, or 1:3,600. 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.

Classes of major vegetation types mapped in the 1999 mapping and a brief description of
each class were as follows:

Marsh. Dominated by tall emergent species such as hard-stem bulrush (Scirpus acutus),
cattail (Typha latifolia), three-square (Scirpus pungens), alkali bulrush (Scirpus maritimus)
and beaked sedge (Carex utriculata).

Wet meadow. Dominated by lower stature herbaceous plant species, such as sedges (Carex
spp.), rushes (Juncus spp.), spikerushes (Eleocharis spp.), and some forbs.

Alkaline wet meadow. Similar in stature to the wet meadow class but occuring in areas
clearly affected by saline or alkaline soils. Dominated by dense stands of Nevada bulrush
(Scirpus nevadensis), Baltic rush (Juncus balticus), and/or saltgrass (Distichlis spicata).

Dry meadow/forb. Moderately dense to sparse (at least 15 percent) cover of herbaceous
species, including a variety of grasses and forbs and some sedges (e.g., Carex douglasii).

Riparian and wetland scrub. Dominated by willows (Salix spp) or willow mixed with
small amounts of buffalo berry (Shepardia argentea) and Wood’s rose (Rosa woodsii).

Great Basin scrub. Scattered to dense stands of sagebrush (Artemesia tridentata),
rabbitbrush (Chrysothamnus nauseosus), and/or bitterbrush (Purshia tridentata).

Classes of aquaﬁc habitats. Included freshwater-stream, freshwater-ria, freshwater-pond,
ephemeral brackish lagoon, and ephemeral hypersaline lagoon.

Other cover classes. Included riparian forest and woodland, unvegetated, and man-made.
Results

Most of the 1999 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 were mapped in
the Warm Springs (233 acres), Simons Springs (179 acres), and East Beach (106 acres) areas.

Small amounts of freshwater ponds were identified in Simons Springs, East Beach, and
Black Point areas (< 1 acre each), and there were 7.1 acres of pond habitat mapped in the
DeChambeau/County Ponds complex. Extensive areas of ephemeral brackish lagoon were
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mapped 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 mapped as ria in the Rush Creek and Lee Vining Creek deltas, respectively.

3.3.3 Rush Creek Riparian Monitoring

Riparian vegetation in the Rush Creek bottomlands, as well as in several other riparian areas
in the Mono Basin, was mapped in 1999 by John Bair of McBain and Trush, Arcata,
California. The riparian mapping was done primarily to meet monitoring requirements of
stream restoration, but the results are also useful for characterizing waterfowl habitat in the
Rush Creek bottomlands. -

Bair used 1:9,600 scale natural color aerial photographs enlarged to a scale of 1:1,800. Since
the purpose of mapping was to quantify the amount of riparian vegetation present and
compare to pre-diversion and pre-restoration estimates, Bair’s classification was oriented
towards identifying the major riparian plant communities in contrast to upland communities
also present. Cover classes most relevant to waterfow! habitat included aquatic vegetation,
cattail, wet meadow, and stream.

Based on an examination of the maps in Bair’s report, the only area of aquatic vegetation in
the Rush Creek bottomlands were in rias of the delta. There were a few scattered patches of
cattail (presumably Typha latifolia), two of which were below the County Road and two of
which were in bank channel areas along the east valley wall. Following the orientation of the
channels, they were all generally linear in shape. There appeared to be no wet meadow areas
mapped.

There were two significant back channel areas (mapped as stream) along the east valley wall,
one towards the lower end of Reach 4B and another one upstream near the boundary between
Reaches 4A and 4B. There was also a smaller isolated back channel in Reach 4B, again
along the east valley wall. The creek was generally mapped as one channel, with braiding
present in scattered reaches up to 300 feet in length.

During a reconnaissance visit to the Mono Basin in June 1999, Don Paul and David Chapin
examined a portion of the Rush Creek bottomlands. They found that a back channel along
the east valley wall (Channel 10) harbored a relatively small amount of waterfowl habitat.
The area contained slow moving water with pools in some portions and isolated pools of
standing water apparently fed by springs or a high water table. Vegetation adjacent to the
channel consisted mostly of willow thickets, but also included wet meadows and grassy
areas. A few cinnamon teal were flushed from the area and an active cinnamon teal nest was
found, indicating the area was being used by breeding waterfowl.

3.3.4 Experimental Burning -

Monitoring reported for experimental burn areas in 1999 consisted only of the vegetation
transects at Simons Springs sampled by Martin (2000), which were described in Section
3.23.1. Since no results of any previous sampling of these transects were available at the
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time of this report, the 1999 data cannot be compared to either pre-burn or earlier post -bum
conditions.

3.3.5 DeChambeau/County Ponds Habitat Creation and Enhancement

Monitoring of habitat at the DeChambeau/County ponds complex included qualitative
observations by Larry Ford and relatively small scale mapping conducted by David Chapin
as part of the lake wide habitat mapping. Mapping based on the 1999 aerial photography
identified approximately 4.1 acres of open water, 20 acres of marsh and wet meadow
delineated at DeChambeau Ponds; and 0.5 acres of open water and 17 acres of wet meadow
at the West County Pond. The East County Pond was dry during 1999.

‘3.4 Waterfowl Population Surveys

Joseph Jehl of Hubbs Sea World Research Institute, under contract to LADWP, carried out
waterfowl population monitoring at Mono Lake in 1999. 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 (2000), which is included as Appendix
VI to this report.

Several methods were employed in 1999 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 1999 included numbers of breeding
waterfowl, migratory waterfowl, and waterfowl utilizing the DeChambeau/County ponds
complex. Observations of waterfowl using prescribed burn areas (Simons Springs)
hypopycnal zones, wetland and lagoon areas were also made.- All-lake, aerial surveys were
conducted to determine total waterfowl present at Mono Lake, Bridgeport Reservoir, and
Crowley Lake. Survey activities were conducted for the period of May through late
November with emphasis on the period between mid-July and November.

3.4.1 Mono Lake: Breeding Waterfowl |

The only waterfow] species consistently found to occur, as a breeder within the lake-
bordering wetlands, was the gadwall. In 1999, 22-25 pairs of gadwall nested along the lake
itself. Two to three pairs nested at the DeChambeau Pond area. In addition to Jehl’s data
and observations, Don Paul and David Chapin found a single nest and observed several
cinnamon teal hens in flight at Rush Creek during June 1999.

The 1999 total nesting population of breeding waterfowl in Mono Lake and associated
wetlands was estimated by Jehl to be 30 to 35 pairs. The main hatching period was July 10
to 15, and broods were generally large (8-10). On August 15, Jehl estimated 205 locally
produced juveniles to be present at the lake. Ten 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

Boat survey was the principal method used to collect waterfowl estimates at Mono Lake (see
Jehl [2000] for details of survey methodology). In 1999, 20 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; mallards and northern
pintails were most common in October, and green-winged teal were most common in
November.

“Ruddy ducks (in the stiff-tailed duck tribe) is the most abundant migrating duck species at
Mono Lake. Numbers of ruddy duck were estimated to be 4,000 in mid-October, which was
the peak of ruddy duck numbers at Mono Lake in 1999 This count is likely an
underestimate, with the true number of ruddy ducks in October probably closer to 5,000.
Ruddy ducks are difficult to count at Mono Lake because they occur in association with large
numbers of staging eared grebes. The peak total waterfowl count (all species) was 10,657 in
mid-October. There were >19,000 individual ducks total recorded for all survey periods,
however it is not known how many of these ducks were present from one survey period to
the next.

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 5. This summary also includes the eared
grebe, pied-billed grebe, and western grebe, which are not considered waterfowl species. As
mentioned above, three pairs of breeding gadwall were found at the DeChambeau Ponds.
The peak waterfowl count at DeChambeau/County ponds complex was 152 on October13,
with most of the ducks located at County Pond 1 (the west pond). Of the two County Ponds,
only County Pond 1 had water in 1999; Pond 2 (the east pond) was dry.

3.4.4 Surveys of Lagoons and Ponds in Navy Beach to Simons Springs Area

Other ponds and lagoons along the shoreline were surveyed in 1999, primarily to collect
behavioral data on waterfowl. Special attention was given to ponds forming on the south
shore between Navy Beach and Simons Springs. Jehl indicated in this 1999 report that these -
data will be presented in future reports. According to Jehl, these ponds were being used by
only a handful of migratory ducks (< 20) when he visited them in 1999,

3.4.5 Aerial and Other All-Lake Censuses

Aerial waterfowl surveys were conducted on September 17 and October 14, 1999 over Mono
Lake, Bridgeport Reservoir, and Crowley Lake. The aerial survey counts for September 17
were 10,716 total waterfowl at Crowley Lake, 8,350 at Bridgeport Reservoir, and 3,576 at
Mono Lake. On October 14, there were much larger numbers of mallards and pintails
present at Mono Lake (10,657) compared to Bridgeport Reservoir (4,948) and Crowley Lake
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(4,562). Aerial census data since 1996 will be compared between the three surveyed water
bodies and discussed in Section 5 below. ~

The California Fish and Game Department (CDFG) carried out an aerial survey in 1999 that
included Mono Lake, Crowley Lake, and Bridgeport Reservoir. The data from the CDFG
survey were not available for this report. The Mono Lake Committee sponsored a spring and
fall all-lake bird survey that includes waterfowl in 1999. On April 25 they counted 2,137
ducks and geese, and on August 21 they counted 1,486.

3.4.6 Waterfowl Use of Prescribed Burn Areas

Observations were made of two prescribed burn sites in the Simons Springs area. Jehl
indicated that observations from both plane and boat revealed no evidence of waterfow! use
of the burn areas.

3.4.7 Waterfowl Use of Hypopycnal Stratified Areas

Using a refractometer, the extent of hypopycnal stratification was mapped at the mouth of
Lee Vining Creek between April and November. The five mapping sessions included
waterfowl counts and distribution. Visits were also made to other areas of stream discharge
and seep activity near the lake. With one exception, Jehl reported that waterfowl were using
these areas for loafing in proximity to fresh water marsh feeding areas. Jehl indicated that
data from several years would be summarized elsewhere.

3.4.8 Behavioral Studies

S. I. Bond of Hubbs-Sea World Research Institute, under the direction of Joseph Jehl, spent a
week (September 28 through October 30) at Mono Lake observing the distribution and
behavior of ducks. Observational data included activity budget, habitat use, and daily
movements of waterfowl on the lake. These data add to behavioral data collected during
other waterfowl monitoring efforts in recent years. Jehl said that these data will be
incorporated in future reports. '
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4. STATUS OF RESTORATION MEASURES

Several ongoing restoration measures pertaining to waterfowl took place in 1999. The lake
level continued to increase (at least through part of the year), enhancement work continued
on the DeChambeau/County Ponds complex, and experimental burning took place.

4.1 Lake Level

The average lake level for 1999 was 6,384.7 feet (using the level at the beginning of each
month). This is a 10.1-foot increase toward the target lake level of 6,391 feet since the 1994
Decision 1631. The lake level needs to rise another 6.3 feet from the 1999 average lake level
to reach the target lake level. ’

4.2 DeChambeau/County Ponds Complex

Restoration activities conducted during 1999 by the USFS at the DeChambeau/County Ponds
Complex included construction of 2000 feet of pipe to transport excess water from
DeChambeau Ponds to the County Ponds. The west County Pond maintained approximately
3.3 acres of surface water through diversions of water from the DeChambeau Pond and a
diversion from Wilson Creek. In addition to this addition to the infrastructure of the
DeChambeau/County Ponds complex, the USFS carried out ongoing management and
maintenance of ponds and water supply system during 1999. The USFS developed plans to
burn 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 1999 but carried out planning for a
proposed burn in winter 2000-2001. The intended location of the 2000-2001 burn is in the
Warm Springs area. David. Chapin participated in a field visit to the proposed burn area with
David Martin and other personnel from LADWP in October. It was decided that a possible
winter 1999-2000 burn would be postponed a year until appropriate wildlife and vegetation
baseline monitoring could be conducted in 2000, o

The California Department of Parks and Recreation (CDPR) directed experimental burns in
the Simons Springs area in January and on December 16, 1999. The only information we
have available concerning these burns is a description of the December 16 burn provided by
Jim Barry. Although area burned was not indicated by Barry, vegetation and thatch was
totally consumed down to the water line in areas burned 4 years ago, and was patchy in areas
burned 1 year ago. Barry indicated that documentation of the 1999 or previous burns (1995,
1997) had not yet been compiled.
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4.4 Rewatering of Rush Creek Distributaries

There were no direct actions taken toward rewatering distributaries in Rush Creek during
1999. 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 in the Rush Creek bottomlands respond naturally to the
current flow regime.

There was some placement of large woody debris in the Rush Creek channel and floodplain
by LADWP during October 1999. This material consisted of root wads from 1 to 3-foot
diameter Jeffery pine trees. Since large woody debris can have a significant effect on
channel processes, this action may affect what channels are active, formation of pools within
active channels, and how water is distributed across the floodplain during floods, all of which
can affect waterfowl habitat.
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S. 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 elevations began and ended the 1999 calendar year at essentially the same
elevation (Table 2). Lake level was 6384.2 feet on January 5, 1999 and 6384.1 feet on
December 30, 1999 (data from LADWP using USGS datum). Peak lake level was 6,385.1
feet in July 1999. Lake level in January 1999 was 2.3 feet higher than the previous January
(1998), however lake level at the end of 1999 was 0.2 feet lower than the end of 1998. At a
6,384-foot lake level, estimated lake area is 45,665 acres and estimated volume is 2,641,837
acre feet.

S.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 totaled over 100 acres in 1999, indicating that this type
of habitat was relatively abundant and widely distributed around the lake.

Emphemeral 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 important 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 was 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 mapped in 1999 totaled 302 acres.
This area, however, should likely be combined with wet meadow mapped in 1999 (83 acres)
to compare to Jones and Stokes (1993) point-of-reference marsh area. Combined 1999 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
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marsh was present in lake-fringing wetlands. Warm Springs, however, was an exception and
showed an increase in marsh area between 1989 and 1999, -

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 1999 (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.

3.5 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 1.  Mono Lake Mixing History 1964-Present

1964-1982 1983-1987 1988-1989 1990-1994 1995 1996-Present
Monomictic = Meromictic Transition Monomictic Transition/ Meromictic
Merpmictic

Table 2. 1999 Mono Lake Monthly Elevations in (feet amsl) LADWP Bishop Aqueduct
Data. '

Jan 5 Feb4 Marll Apr5 May6 Junl0 Jull Aug5 Sep2 Oct7 Nov4 Dec9
6384.2 6384.5 6384.8 63848 63848 6384.9 63851 6384.5 6384.6 6384.5 63843 6384.1

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 Creck Creck  below Narrows

(estimated)
January 29.50 57.90 4.00 442 66.32
February 27.00 57.48 4.07 4.81 66.36
March 26.20 52.25 3.24 4.98 60.47
April 34.70 52.20 2.28 6.10 60.58
May 128.00 51.93 10.50 12.80 75.23
June 203.00 53.59 21.80 "27.60 102.99
July 112.00 13416 . 12.70 26.80 173.66
August 48.80 60.80 6.03 8.90 75.73
September 33.40 53.61 425 9.28 67.14
October 30.20 45.39 3.06 6.73 55.18
November 34.30 43.78 5.75 4.88 54.41
December 29.80 45.41 3.74 4.41 53.56

" 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. 1999 Mono Lake Limnological Characteristics and Comparison to Recent Meromictic
Years and the Last Monomictic Period.

Characteristic 1999 1998 1997 1996 1990-1995
Year end January lake 6384.1 6384.3 6380.4 6378.1 6373.4t0 6377.8
elevation
Significant inverse thermal Present Present Present Present Absent
stratification (mid depth)

Holomixis Absent Absent Absent Absent Present
Monimolimnetic Constant Constant Constant Constant 1990-1994
temperature pattern throughout throughout throughout throughout year variant through
. year year year year
- Maximum mixolimnetic Decreased Decreased Decreased Decreased Stable to
Conductivity/ salinity trend slowly increasing
Monimolimnetic Small decrease Decrease Decrease Decrease from Stable to
conductivity/ salinity trend from 1998 from 1997 from 1996 1995 increasing
Density Stratification trend Strong but Strong Strong Strong Moderate to weak
weaker than
1998
Transparency Secchi depth 2.1-11.5 1.9-12.0 2.0-9.6 1.5-10.9 14-8.3
range (m) (1994)
Dissolved oxygen: Within range Water column
Above chemocline of previous oxygenated during
years holomixis
Below chemocline Anoxic Anoxic Anoxic Anoxic
Nutrient (ammonium): Low except Low except Low all year Highest mid- High but not as
ephotic ammonium June and Sept. June and summer high as 1985
Sept.
benthic ammonium Increase over  Increase over  Increase over Increase over Distributed in
1998 1997 1996 1990-1995 water column
(holomixis)
Mixolimnetic algal biomass Higher than
(chlorophyll a): 1996-1998
December — March
Rest of year pattern Similar to Similar to Similar to Similar to 1996-  Planktonic primary
1996-1998 but 1996-1998 1996-1998 1998 but lower production
lower than but lower than  but lower than  than 1990-1995 significantly

: 1990-1995 1990-1995 1990-1995 higher
Monimolimnetic algal Similar to Similar to Similar to Average ?
biomass (chlorophyll a) 1998-1996 1997-1996 1996 335pgchlal’

Artemia population Single mid- Single mid- Single mid- Single mid-July First population
dynamics July adult peak July adult August adult  adult peak small peak spring, 2™
small 2™ peak small 2% peak small 2@ 2™ generation  population summer
generation generation generation :
Artemia adult peak 38,439 33,968 27,312 ? 06-93 =27,000
abundance (m ) (07-15-99) 08-10-98 08-21-97 07-22-93 =21,000
. 07-22-94 = 29,000
07-03-95 = 24,400
Artemia mean annual
biomass (mg m™?
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Table 5. Summary of Waterfowl 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 (number of  (number of
(1999) . Ponds Ponds adults) adults) adults)
June 2 3 3 20 16 36
July 15, 1 0 1 7 8
July 29, 2 2 18 3 21
August 12, 2 6 96 55 151
‘September 3, 3 4 2 6 29
September 20, 2 3 20 27 : 47
September 29, 0 5 49 38 87
October 2, 1 4 39 46 85
October 13, 1 3 152 229 381
November 7, 2 0 5 . 77 82
November 24, 4 0 17 75 92.
Total Season Count 440 . 579 1019
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APPENDIX I

SUMMARY OF LADWP’S OPERATIONS AND RUNOFF IN THE

MONO BASIN FOR RUNOFF YEAR 1999-00
(Letter dated November 9, 1999) ‘

Los Angeles Department of Water and Power : 1999 Mono Basin Waterfowl Habitat Monitoring
Appendix



November 9, 1999

To Enclosed Distribution List:

Update on Mono Basin Operations During 1999-2000 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 magnitude for three of the four creeks was higher than forecasted, but not
significantly. The total volume of water that has been measured however, is considerably
less than forecasted. The forecasted volume for the April-through-September period was
97,000 acre-feet and the measured was 69,900 acre-feet.

The following is a summary of LADWP’s operations to date in the Mono Basin for the
1999-2000 runoff year: -

e 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 .Jey 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.

o 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 29 cfs (average daily) and the second peak also a magnitude of
29 cfs occurred on June 20th. The peaks did not exceed the forecasted
magnitude (Figure 3).

o Parker Creek: There were no diversions for export during the year. The
creek experienced two peaks. The first peak occurred June 24th with a
magnitude of 52 cfs (average daily) and the second peak occurred July 14th
with a magnitude of 47 cfs. The first peak exceeded the forecasted
magnitude of 47 cfs (Figure 4).
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e 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 29th with a peak of 262 cfs (average daily)
which was slightly higher than forecasted. The second peak occurred on
June 19th with a magnitude of 274 cfs (Figure 5).

No water was diverted from Lee Vining Creek through the Lee Vining
Conduit to the conduit spillway to augment Rush Creek flow.

e Rush Creek: Grant Lake’s elevation on April 1, 1999 was 7,122 4 ft amsl,
7.6 ft below the lip of the spillway, providing 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. In addition, exports to the Owens River were
suspended in early April. A peak inflow into Grant Lake (Rush Creek at
Damsite) of 201 cfs was forecasted to occur the week of June 7th. On
June 30th, Grant Lake reservoir began to spill. Rush Creek at Damsite
experienced its peak on July 2nd with a magnitude 222 cfs (average daily)
(Figure 6, 7, and 8).

‘ Rush Creek below the confluence of the Mono Gate Return Ditch and Grant -
Lake spill experienced a flow of 202 cfs (average daily) on July 11th. In
early July when it became evident that the spill was not likely to increase,
LADWP decided to ramp up the ditch to its current maximum safe
operating flow of 160 cfs to provide Rush Creek with the highest possible
flows under the current circumstances. The decision resulted in Rush Creek
receiving a flow magnitude approximately 10% higher than what would
have occurred had no change been made (Figure 7).

Rush Creek below the narrows experienced on July 11th a magnitude of
247 cfs (average daily) (Figure 8).

e Grant Lake Reservoir: Releases from the reservoir to Rush Creek were
maintained slightly above the minimum and exports were suspended on
April 7th to facilitate a spill. Grant Lake began spilling on June 30th and
continued until early August, achieving a maximum spill of 121 cfs on
July 5th (Figure 9).
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e Mono Basin Runoff: The timing of the Mono Basin runoff occurred one to
three weeks later than predicted and three of the four creeks experienced
flow magnitudes greater than those forecasted. The table below compares
April 22nd forecasted magnitudes and timing to the flows that were actually

measured:
: zz ignitud
Rush Creek @ Damsite . 20l cfs June 7 222 cfs July 2
Parker Creek 47 cfs June 18 52 cfs June 24
Walker Creek 35cfs June 13 29cfs | May29
Lee Vining Creek 247 cfs June 6 274 cfs | June 19

If you have any questions or need additional information regarding operations, please
contact me at (760) 873-0225.

Sincerely,

. QRIGINAL SIGNED B¥
T GEMELCOUN

GENE L. COUFAL
Manager
Aqueduct Business Group
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1999 Mono Basin Spring Survey

Prepared by: Los Angeles Department of Water and Power

September 1999



Code 8701147

Rev. 9-91
MEMORANDUM
‘WEMO BY Peter Kavounas TO Thomas Erb DATE September 27, 1999
FILE TITLE 1999 Mono Basin Spring Survey

The Mono Basin Spring Survey was conducted September 13 and 14, 1999 by Peter
Kavounas and Steve McBain of the Water Resources Business Unit, and Chuck F.
Maurer and Robert W. Taylor of the Aqueduct Business Unit. The survey was
performed to comply with the terms and conditions of our water right Licenses Nos.
10191 and 10192 as set forth in the State Water Resources Control Board Order
Nos. 98-05 and 98-07.

The purpose of the survey is to collect spring data at several locations around the
lake for the waterfowl directors to consider in their annual Mono Basin Waterfowl
Habitat Monitoring report. The spring survey report includes an aerial view of
Mono Lake including approximate spring locations, drawings showing the spring
survey sub areas and the County Park springs, data sheets, and photos.

The original plan was to survey thirty-four springs and one creek. However, due to
the rising lake level many of the springs and/or monitoring sites have been
inundated. As such, only 16 spring sites and one creek were surveyed. In addition
to the higher lake level, most of the spring areas were choked with dense
vegetation, making it extremely difficult to access and locate the spring source.

Due to the rapid changes occurring at the lake and the difficulty in locating many of
the springs, all of the accessible sites were surveyed using a hand held Global
Positioning System (GPS). For each site, longitude and latitude coordinates were
recorded. -

The springs and their measured parameters, along with associated information, are
listed in table 1. Photographs and data sheets pertaining to the 1999 spring survey
have also been included.

The lake elevation during the survey was 6384.6 (USGS Datum), 10.5 feet higher
than the August 1992 spring survey. Visual observations made during this survey
indicate that many of the 16 spring sites visited this year will also be inundated with
a slight rise in the lake elevation of one to two feet. Most of the springs are
expected to be inundated when the lake reaches an average elevation of 6392 feet.

The next survey is scheduled for September 2004.
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Flow

Measuring
Device

Table 1
Mono Basin 1999 Spring Survey
Temperature | Electrical Sulfur H,S Gas Tufa
Conductivity | Strands Tower

Qlarity

Photo

Gull Bath (E)
Gull Bath (W)
County Park #1-8
Villette

Shrimp Farm
Sunset #1
Sunset #2
Sunset #3
Fractured Rock
Andy Thom Creek

“Lee Vining Delta
Babylon
Charlie's

Underwater

Underwater
Underwater

0.33 cfs Parshall

Underwater
Underwater
Underwater

0.34 cfs Metered
2.7 cfs Est

0.30 cfs
0.45 cfs
Seep

1’ Cipp Wier
Est

No No No No No
No No No No No
No No No No No
SOF 540 uMHOS No No Yes

N/A
N/A
N/A
Clear

N/A
N/A
N/A
Clear
Clear

No

No
No

Yes

N3801.085
N3801.085”

N3801.142”

N37 59.038”
N37 59.420”

W119 07.170
W119 07.170”

W119 08.361"

w119 08.311”
W119 08.5227

‘ Southern Comfort
Hot Tufa Tower

Warm “B
Warm Springs Marsh Ch.
Twin Warm .
Pebble

! .Perseverance
Solo Hot Tufa Tower

Underwater
Underwater

0.5 cfs Est.
Flowing

1.79 cfs Metered
Dry

Dry

034 cfs Metered
0.53 cfs 90 V-Notch
0.05 cfs Metered
Pond

Pond

er water or vegetation
Underwater

150 uMHOS
No No No No No
No No No No No
No No No . No No
64F 280uMHOS  No No No
44F 550 uMHOS No No No
SOF 310 uMHOS No No Yes
S2F 140 uMHOS No Yes Yes
S1F 100 uMHOS No No No
No - No No No No
No No No No No

No
S8F 860 uMHOS No
S4F 540 uMHOS
Yes
Yes
S8F 440 uMHOS No No Yes

86 F 2300uMHOS No No No
62F 3600 uMHOS No No No
92F 2700uMHOS No Yes Yes
66 F 1600uMHOS No Yes No

Clear
Clear
Clear

N/A
N/A

Poor

Clear
Clear
Clear
Algae

Yes

Yes
Yes
Yes
Yes

N37 58.769”
N37 58.747
N37 58.708”

N37 59.024”
N37 58.132”
N3758.132”
N37 58.132"
N37 58.282”

N38 04.765”
N3801.777”
N3802.136”
N3802.246”

N38 03.238”

W119 06.950”
W119 07.241"
W119 07.205™

W118 55.861™
W118 57.229”
W118 57.229”
W118 57.229”
W118 56.503”

W118 54.249”
W118 54.430”
W118 54.562”
W118 54,448”

W119 04.023”




FS-2700-25 (9/96)
OMB No. 0596-0082

[ U.S. DEPARTMENT OF AGRICULTURE Holder No. Issue Da}eq Expir. Date
Forest Service ; sy -te-9
. : [0 76 -0l oHer1999" 12-31-2001
TEMPORARY SPECIAL - USE PERMIT Type Site(s) Authority Auth. Type
(FSH 2709.11, sec. 54.6)
422 02 22
AUTHORITY: Act of June 4, 1897 Region/Forest/District State/County
| | 05/04/51 06/051
This authorization is revocable and nontransferable and is a Cong. Dist. Latitude " Longitude
license for the use of federally-owned land. It does not grant
any interest in-real property. 04

Los Angeles Department of Water
and Power, Glenn C. Singley

hereinafter called the Holder, is hereby authorized to use, subject to the terms and

“conditions of this permit, National Forest System land identified within the unit area and described as the Mono Basin National

Forest Scenic Area. This authorization covers
approximately .5

acres and/or

n/a

The holder is authorized to conduct the following activities on the permitted area:
Monitoring and collecting of spring and surface waters on a biannual basis and recording all data collected.

miles.

The holder is authorized to install the following temporary improvements on the permitted area:
measuring devices installed at Villette, Sulfer Pond, Sand Flat, Warm Spring *B*, Teal, Lee Vining Delta, and Sandpiper

springs.

TERMS AND CONDITIONS.

and end on

1. Use under this permit shall begin oh 01-01-1999

2. The feeforthisuseis $ free use/CFR
251.57(b}(3)

3

exhibits 1 and 2

12-31-2001

It shall be paid in advance and is not refundable.

4. The holder shall not install any improvements not specifically identified and approved above.

5. No soil, trees, or other vegetation may be destroyed or removed from National Forest S

written permission from the authorized officer.

6. The holder shall comply with all Federal, State, county,

7. The holder shall maintain the improvements and premises
safety acceptable to the authorized officer. The holder shall full repair an

The permit shall not be extended.

. The holder shall conduct the authorized activities according to the attached approved plans and specifications, Exhibit(s)

ystem lands without specific prior

and municipal lows, ordinances, and regulations which are
applicable to the area or operations covered by this permit. ‘

to standards of repair, orderliness, neatness, sanitation, and
d bear the expenses for all damage, other than

ordinary wear and tear, to National Forest System lands, roads and trails caused by the holder’s activities.
8. The holder shall be liable for any damage suffered by the United States resulting from or related to use of this permit,

including damages to National Forest resources and costs of {
9. The holder has the responsibility of inspecting the use area an
other evidence of hazardous conditions which would pose a risk of injury to individuals. Aft
authorized officer, the holder shall remove such hazards. '
10.The holder shall hold harmiess the United States from any liability from
occupancy or use of National Forest lands under this permit.
11. The holder agrees to permit the free and unrestricted acce
purposes not inconsistent with the intent of the permit or with the reasonable exercise an

privileges thereof.

*2. This permit is subject to all valid existing rights and
3. This permit may be revoked upon breach of any of
expiration or revocation of this permit, the holder shall imme

United States, and shall restore the site within

ire suppression.
d adjoining areas for dangerous trees, hanging limbs, and
er securing permission from the

claims outstanding in third parties.
the conditions herein or at the discretion of the authorized officer. Upon
diately remove all improvements except those owned by the

damage to life or property arising from the holder’s

ss to and upon the premises at all times for all lawtul and proper
d enjoyment by the holder of the

days, unless otherwise agreed upon in writing. If the holder



fails to remove the improvements, they shall become the property of the United States, but that will not relieve the holder
of liability for the cost of their removal and restoration of the site.

14. This permit is not transferrable. The holder shall not subject occupancy of the authorized premises and improvements to

third parties.
) Any changes to this permit, its provisions or requirements my be subject to appeal per 36 CFR 251.
‘T his permit is accepted subject to the conditions set forth herein, condition(s)  n/a and Exhibit(s) / ¥2

attached to and made a part of this permit.
17. The above clauses shall control if they conflict with additional clauses or provisions.

HOLDER Glenn C. Singley

U. S. DEPARTMENT OF AGRICULTURE
% Forest Service
$ > ; . ,’ by .
By: /% ¢ 7/ 7 By: 7%2}///‘ A ),l%'ﬂ/lr[{{ : Lawii - @"’“‘Z%

>

Address: _City of Los Angeles Name Ron Keil
300 Mandich St.
Bishop, CA 93514 Title: Ass't. Forest Supervisor
Phone #:  (760) 873-0370 ) ’ (Authorized Officer)

Date: pate:  <lpail 1l ¢ 945

According to the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it
displays a valid OMB control number. The valid OMB control number for this information collection is 0596-0082.

This information is needed by the Forest Service to evaluate requests to use National Forest System lands and manage those
lands to protect natural resources, administer the use, and ensure public health and safety. This information is required to
obtain or retain a benefit. The authority for that requirement is provided by the Organic Act of 1897 and the Federal Land
Policy and Management Act of 1976, which authorize the Secretary of Agriculture to promuigate rules and regulations for
authorizing and managing National Forest System lands. These statutes, along with the Term Permit Act, National Forest Ski
Area Permit Act, Granger-Thye Act, Mineral Leasing Act, Alaska Term Permit Act, Act of September 3, 1954, Wilderness Act,
tional Forest Roads and Trails Act, Act of November 16, 1973, Archeological Resources Protection Act, and Alaska National
‘est Lands Conservation Act, authorize the Secretary of Agriculture to issue authorizations for the use and occupancy of

onal Forest System lands. The Secretary of Agriculture’s regulations at 36 CFR Part 251, Subpart B, establish procedures
for issuing those authorizations. ,

The Privacy Act of 1974 (5 U.S.C. 552a) and the Freedom of Information Act (5 U.S.C. 552) govern the confidentiality to be
provided for information received by the Forest Service. .
Public reporting burden for collection of information, if requested, is estimated to average 1 hour per response for annual
financial information; average 1 hour per response to prepare or update operation and/or maintenance plan; average 1 hour
per response for inspection reports; and an average of 1 hour for each request that may include such things as reports, logs,
facility and user information, sublease information, and other similar miscellaneous information requests. This includes the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing
and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Department of Agriculture, Clearance Officer,
OIRM, AG Box 7630, Washington D.C. 20250; and to the Office of Management and Budget, Paperwork Reduction Project
(OMB #0596-0082), Washington, D.C. 20503.



revised 12/98
Exhibit 1

Mono Basin Spring Survey Schedule for 1999 through 2001

SPRING NAME ACCESS METHOD
Northwest Shore
-Gull Bath Spring (E) ' walk (see note #1)
Gull Bath Spring (W) ' walk
County Park Spring #1 through #8 walk
Villette Spring walk
West Shore
~ Shrimp Farm Spring - walk (see note #2)
Sunset Spring #1 : walk
Sunset Spring #2 walk
- Sunset Spring #3 , walk
‘ Fractured Rock Spring walk
s Andy Thom Ck. walk
Southwest Shore
Lee Vining Delta Spring walk
Babylon Spring - walk
Charlie’s Spring walk
South Shore
Southern Comfort Spring walk
Hot Tufa Tower Spring walk
Southeast Shore
- Sand Flat Spring walk
Sandpiper Spring - ' walk
Goose Spring (E) . walk
Goose Spring (N) walk
Goose Spring (W) walk
Teal Spring : walk
East Shore
Warm Springs "B" _ ' - walk
Warm Springs Marsh Ch. walk
Twin Warm Springs - walk
Pebble Spring ' walk
North Shore
Perserverence Spring ATV
Solo Hot Tufa Tower ATV

N.B. -- data collection one to two times each year

Note #1: walk - driving to nearest open road access and walking to spring
Note #2: ATC access to north and west shore springs is permitted when necessary to transport heavy
equipment, notify Larry Ford (760) 647-3004 in advance of work.



‘ revised 12/98

Exhibit 2

The letter from the Department of Water and Power dated November 19, 1998 and signed by Glenn C.
Singley states that data will be collected one or two times each year through the period of the permit
which expires on 31 December 2001 and will be made part of this permit.

The hydrologist will notify the Forest Service office (647-3004) seven'(7) days in advance of the dates
of data collection and will adhere to the access requirements contained in exhibit 1. Any changes must
be approved by the Forest Service in advance of data collection.

The hydrologist will call the Forest Service (647-3004) and leave a message on the day of the survey.

Use of OSV’s (i.e. snow cats) will not be allowed on relicted lands but may be used in the north and east
sections of the basin, above relicted lands to access rain gages in heavy snow year.

The hydrologist doing the monitoring and collection of data will be notified of the stipulations of the
permit and have a copy of the permit, with attachments, in his possession while completing work within
the Mono Basin National Forest Scenic Area.
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DRAFT EXECUTIVE SUMMARY

Mono Lake research activities in 1999 focused on continued limnological monitoring
and analysis of the annual plankton dynamics and nutrient limitation. This report includes a
review of research conducted at Mono Lake prior to 1999 (Chapter 1), a detailed description
of the limnological data collected during 1999 (Chapter 2), estiméfes of prirﬁary production
and mean annual Artemia biomass (Chapter 3), and a description of the abundance of rotifers
(Chapter 4). '

Chapter 2 describes the results of our limnological monitoring program during 1999.

" 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.dens‘ity between 2 and
28 m attributable to chemical stfatiﬁcation declined from 14.9 kg m® in 1998 to 12.2 kg m™.
The lack of holomixis during the past four winters has resulted in depleted inorganic nitrogen
concentrations in the mixolimnion and reduced abundance of phytbplankton. In 1999, the
spring (February—April) epilimnetic chlorophyll a concentrations at 2 m (10-16 pg chl a I'!)
were similare to those observed in 1998 and higher than the two previous years of meromixis,
1997 (~2-3 ug chl a ') and 1996 (~5-8 pg chla I1). However, they are considerably lower
than those observed during the spring months during the last period of monomixis, 1989-95
(~15-153 pg chl a I). As in all of the three immediately preceding years of meromixis, -
1996-98, the Arfemia 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 (38,000 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—10.3 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).
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In chapter 3, primary prodhction and mean annual biomass of Artemia were calculated
and compared to previous years. The estimated primary production in 1999 (297 g C m? yr')
was higher than any of the preceding three meromictic years; 1996 (221 g C m?2 yr'"), 1997
(149 g C m? yr'"), 1998 (228 g C m” yr'') but still well below the mean annual production
(508 g C m? yr™") estimated for the 5-yr period of monomixis from 1990 to 1994. The mean
annual biomass of Artemia (8.88 g m?) was also higher than any of the previous three years

(8.2gm? 1996,53 g m?, 19.97; 8.03 g m?, 1998) but still below the long-term (1983-98) of -

9.8 gm™. The highest estimated mean annual biomass (17.6 g m™) occurred in 1989 just after

the breakdown of meromixis during a period of elevated phytoplankton nutrients (ammonium)
and phytoplankton. Total annual cyst production in 1999 also increased from 2.8 x 10° m?2in
1998 to 4.17 x 10° m’2, but remaining slightly below the long-term (1983-1998) mean of 4.8 x
10°m™>.

In 1998, several observations suggested the effects of meromixis on primary and
secondary productivity were beginning to lessen. This trend was more pronounced in 1999,
as primary production, annual Artemia biomass, fecundity, and cyst production all increased
further. Further, a significant éutumn algal bloom occurred after significant deepening of the
mixed-layer occurred in November. Although all of the above measures of productivity
increased in 1999, the spring Artemia population matured slowly as observed in 1998, and
t,hué potentially impacted bréeding gull populations. |

Chapter 4 describes the re-appearance and seasonal abundance of two rotifer species,
Hexarthra jenkinae and Brachionus plicatilis. Abundant (100,500 m?) H. jenkinae were first
noted in late 1997 but then declined to 670 m? by March 1998. H. jenkinae remained at low
numbers in 1998 and largely disappeared by 1999. B. plicatilis first éppeared in September
1998 samples and increased to 15,100 m™ by October 1998. Although absent or in low
abundance during February through June 1999, the population increased to 2,000, 7,000, and

12,000 m™ in October, November, and December, respectively. Sampling of less saline pools



adjacent to the lake indicate high abundance of rotifers and it is hypothesized that these are

acting to seed the planktonic population.
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CHAPTER 1

REVIEW OF PREVIOUS RESEARCH

* Our present understanding of the Mono Lake ecosystem draws from limnological
research extending over 30 years. The dynamic interactions between the abiotic and biotic
components of the ecosystem have been examined in various scientific studies utlhzmg
monitoring, experimental, and theoretical techniques. Durmg the 1980s, an extended period
persistent chemical stratification (meromixis) resulted from high inputs of freshwater into
Moﬁo Lake in 1982 and 1983 and created a “natural experiment" which provided insights into
ecosystem function which would have been difficult to obtain through experimental
manipulations. In 1995, a second period of meromixis, which has persisted throﬁgh the
present, was initiated by high runoff and reduced diversions. Scientific momtonng and study
during thlS second episode of meromixis will further our understanding of the Mono Lake

ecosystem.

Mixing and plankton dynamics

Previous research at Mono Lake can be divided into five periods defined by the
vertical mixing regime of the lake: monomictic (one annual period of complete vertical
mixing), 1964-82; meromictic (no annual period of complete vertical mixing), 1983—87
transition from meromictic to monomictic, 1988-89; monomictic, 1990-94; and meronuctxc

1995-present.

Monomictic and declining lake levels, 1 964-82

The limnology of Mono Lake, including seasonal plankton dynamics, was first
documented in the mid 1960s (Mason 1967). Mono Lake was characterized by declining lake
levels, increasing salinity, aﬁd a monomictic thermal regime. No further limnological research
was conducted until 1976 (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
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to spring abundances of adult brine shﬁmp. The smaller spring generations resulted in greater
food availability and much higher ovoviviparous production by the first generations. Thus,
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 monitoriﬁg program has continued to the present. A detailed description of the
results of the monitoring program are contained in a series of reports to LADWP (Danaetal. .
1986, 1992; Jellison et al. 1988, 1989, 1990, 1991, 1994, 1995, 1996, 1997, 1998, 1999) and

are summarized below.

‘Meromixis, 1983—8l7

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) and monimolimnion (layer bélow 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 6nset of meromixis, ammonium and phytoplankton were markedly
aﬁ'eéted. Ammonium concentrations in the mixolimnion were reduced to near zero during
spring 1983 and remained below 5 M 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 material 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 pM. Under the previous monomictic conditions, ammonium, which
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accumulated beneath the thermocline during the summer, waé 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'z) 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 generatidﬁ 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 percentage
(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 (rz, 0.61).

In addition to annual reports submitted té Los Angeles and referenced herein, a
number of published manuscripts document the limnological conditions and algal
photosynthetic acﬁvity during the onset, persistence, and breakdown of meromixis, 1982-
90 (Jellison ez al. 1992; Jellison and Melack 1993a, 1993b; Jellison et al. 1993; Miller er
al. 1993). | o

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
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(Jeliison et 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
ug chla '), | |

The peak abundance of spring adult Artemia 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 botentially larger in 1988
since cyst préduction in 1987 was larger than in the four previous years (Dana et al. 1990)
and'éigniﬁcant lowering of the chemocline in the autumn and winter of 1987 allowed
oxygenated water to reach cysts in sediments which had been anoxic since 1983. Cysts can
remain dormant and viable in anoxic water for an undetermined number of years. Naupliar
survival may also have been enhanced since chiorophyll 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 returned 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 monimolimnetic 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 puM). 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 pbpu_lations experienced an immediate and total die-off following
deoxygenation. Mono Lake remained anoxic for a féw 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{!). The
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complete recovery of dissolved oxygen concentrations occuﬁed in March when levels reached
those seen in other years.

Elevated ammonium concentrations following the breakdown of meromixis led to high
chloropﬁyll a levels in spring 1989. Epilimnetic concentrations in March and April were the
highest obsefved (40-90 pg chla I''). Subsequent decline to low midsummer concentrations
(<0.5-2 pg chlaI) due to brine shrimp grazing did not occur until late June. In previous
meromictic years this decline occurred ﬁp to six weeks earlier. Two effects of meromixis on
the algal populations, decreased winier-spring concentrations and a shift in the timing of
summer clearing, are clearly seen over fhe 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 séme order of magnitude. The timing of
hatching of Artemia 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 m-?) and
within the range seen from 1984-88, but decreased by late spring to 4,200 individuals m-2.
High mortality may have been due to low témperatures, 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) résulting from the breakdown of meromixis.

High spring chlorophyll levels in combination with the low first generation abundance
resulted in a high level of fecundity which led to a large second generation of shrimp. Spring
chlorophyll a concentrations were high' (3044 j,lg 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
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Artemia (peak summer abundance, 93,000 individuals m2). Negative feedback effects were
apparent when the large summer population of Artemia grazed the phytoplankton to very low
levels (<0.5-2 p g ghl a ). 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 périod 1983-89.

Small peak abundance of first generation adults were observed in 1980-83, 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 Artemia population.

Monomictic conditions with ;elatively stable lake levels, 1990-94

Mono Lake was monomictic from 1990 to 1994 (Jellison et al. 1991, Dana et al.
1992, Jellison et al. 1994, Jellison et al. 1995) and lake levels (6374.6 to 6375.8 ft asl) were
similar to those in the late 1970s. Althougﬁ the termination of meromixis in November 1988
led to monomictic conditions in 1989, the large pulse of monimolimnetic ammoniurh into the
mixed layer led to elevated ammonium concentrations 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 puM, from March through April and then increased to 8-15 pM in
July. Ammonium concentrations declined slightly in late summer and then increased following
autumn turnover. This pattern of ammonium concentrations in the euphotic zone and the
hypolimnetic ammonium concentrations were similar to those observed in 1982. The
similarities among the yea‘rs 1990-94 indicate the residual effects of the large hypolimnetic
ammonium pulse accompanying the breakdown of méromixis in 1988 were gone. This
supports the conclusion by Jellison ef al. (1990) that the seasonal pattern of ammonium

concentration is returning to that observed before the onset of meromixis.
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Spring and sumrﬁer peak abundance of adult Artemia were fairly constant throughout
1990 to 1994. Adult summer population peaks in 1990, 1991, and 1992 were all 35,000 m-2
despite the large disparity of second 'generation naupliar peaks (280,000, 68,000, and 43,000
m2 in 1990, 1991, and 1992, respectively) and a difference in first generation peak adult
aﬁundance (18,000,.26,000; and 21,000 m? in 1990, 1991, and 1992, respectively). Thus,
food availability or other environmental factors are moreAimportant 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?). Summer abundance of adults increased slightly (29,000 m'z) in

1994 when runoff of lower and lake levels declining.

Meromictic conditions with rising lake levels, 1995-present

The winter (1994/95) period of holomixis injected nutrients which had previously
accumulated in the ,hypolimnio'n into the upper water column prior to the onset of thermal and
chemical stratification in 1995 (Jellison et al. 1996). During 199.5, above normal runoff in the
Mono Basin coupled with the absence of significant water diversions out of the basin led to'
rapidly rising lake levels. The large freshwater inflows resulted in a 3.4 ft rise in surface
elevation and the onset of meromixis, a condition of persistent chemicél 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 t<.) 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 @ concentrations were similar to }993. 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 proceeds a shallower mixed layer, lowér

mixed-layer ammonium and chlorophyll a concentrations, slightly smaller Arfemia, and smaller
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brood sizes compared to 1994 are all observed. The full effects of the onset of meromixis in
1995 are not evident until 1996.

Chemical stratification persisted and strengthened throughout 1996 (Jellison et al.
1997). Mixolimnetic (uppér water column) salinity ranged from 78 to 81 g kg while
monimolimnetic (lower water column) were 89-90 g kg'. The maximum vertical density
stratification of 14.6 kg m>-observed in 1996 waé larger than any year since 1986. Duﬁng
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 a concentrations
(~5-23 pg chl a I'') were similar to those observed in previous meromictic years, but were
much lower than the concentrations observed in March 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 chla I!.

Artemia population dynamics in 1996 were chéracterized by a single mid-July peak in
adults with little evidence of recruitment of second generation Artemia into the adult

population during late summer. The peak abundance of first generation adults was observed

on17 July (34,600 m?), 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 ‘popl.xlation 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
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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-!).

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> in 1996 to 12.3 kg m* in
1997. The lack of holomixis during the previous two winters resqlted in depleted 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 pg chl a I'') were
lower than those observed during 1996 (~5-8 pg chl a I'!), and other meromictic years 1984
89 (1.6-57 g chl a I'1), and much lower than those observed during the spﬁng months in the
last period of monomixis, 1989-95 (~15-153 pg chl a I'!). Concommittant increases in’
transparency and thé depth of the euphotic zone were also observed. Asin 1996, the Artemia
population dynamics in 1997 were characterized by a single mid-July peak in adults 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 léwer, 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 density 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 4
year, including 1983-84. The lack of holomixis during the previous three winters resulted in
debleted nutrient levels in the mixolimnion and reduced abundance of phytoplankton.
Chlorophyll a concentrations at 2 m generally decreased from 14.3 pg chl a I'! in February to

0.3 pg chl a I'! in June, when the seasonal chlorophyll @ concentration minimum was reached.
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After that it increased to 1-2 pg chl a I'! during July-October and to ~8 pg chl a I in early
December. In general, the seasonal pattern of mixolimnetic chlorophyll a concentration was
similar to that observed during the two previous meromictic years, 1996 and 1997, in which
the spring and autumn algal blooms are much reduced compared to .monomictic'years.

As in 1996 and 1997, the Artemia population dynamics in 1998 were characterized by
a single mid-July peak in adults with little evidence of recruitmenf of seconci generation
Artemia into adults. The peak abundance of adults observed on 10 August (34,000 m2) 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 length ranged from 9.6 to 10.3 mm in 1998 and was slightly shorter thﬁn 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 significantly smaller than

 has been observed in any other previous year 1987-94 (81-156 eggs brood-!).

Primary Productivity and Average Annual Artemia Biomass

The availability of dissolved inorganic nitrogen or phosphorus have 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 td
algal growth. A positive response by Mono Lake phytoplankton in ammonium enrichments
performed during different periods from 1982 to 1986 indicated inorganic nitrogen will
potentially limits the standing biomass of aigae (Jellison 1992). In Mono Lake, the two major
sources of inorganic nitrogen are brine shrimp excretion and vertical mixing of ammonium-
rich monimolimnetic water. | o

Algal photosynthetic activity was measured from 1982 to 1992 (Jellison and Melack,

1988, 1993a; Jellison ef al. 1994) and clearly shows the importance of variation in vertical
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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 (269462 g C m? yr’“v-1984 to 1986) compared to non-meromictic conditions (499-
641 g C m? yr'; 1989 and 1990) (Jellison and Melack 1993). Also, a gradual increase in
photosynthetlc production occurred even before meromixis was termlnated because of
increased vertical flux of ammonium due to deeper mixing and the buildup of ammonium in
the monimolimnion. Annual production was greatest in 1988 (1,064 g C m2 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) (Jellison and Melack 1993a, Jellison et al. 1994). Therefore, estimates of
annual primary production using previously derived regressions and current measurements of
algal biomass, temperature, and insolatir)n are included as part of the limnological monitoring
program (see chapter 3). These estimates of annual primary production indicate a period of
decliriing 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. |

The mean annual biomass of Arfemia was estimated from instar-specific abundance
and length-weight relationships for the period 1983-98. The mean annual biomass has vaﬁed
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™?) occurred in 1989 just after the breakdown of meromixis during a perioti
of elevated phytoplankton nutrients (ammonium) and phytoplankton. The lowest annual
estimate was in 1997 following two years of meromixis and increasing densrty stratification.

Mean annual biomass was somewhat below the long-term mean during the first 3 years of the
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1980s episode of meromixis and then above the mean the next 3 years as meromixis weakened
and ended. The lowest annual biomass of Ariemia (5.3 g m™) was observed in 1997, the
second year of the current episode of meromixis. However, annual biomass increase in 1998

and 1999 to near the long-term mean.

Dynamic reservoir simulation model (DYRESM)

Thé development and testing of a dynamic reservoir simulation model, DYRESM
(Imberger and Patterson 1981), for use at Mono Lake began in 1990. Following
modiﬁcafions appropriate to saline lakes, DYRESM successfully reproduced the observed
thermal and conductivity structure for most of 1990 (Jellison ez al. 1991). In 1991,
installation of new meteorological sensors at Mono Lake, which measure required DYRESM
inputs, improved the analysis of the seasonal vertical mixing dynamics and further verified
DYRESM. |

DYRESM was used to simulate the likelihood of meromixis among five lake elevation
management alternatives (point of reference, 6372 ft, 6377 ft, 6383 ft, 6390 ft, 6410 ft). A
monthly water balance model of the Mono Lake basin (Los Angeles Aqueduct Model)
generated fifty year stream discharge and surface elevation records for each elevation
management alternative. Simulation inputs included the 50 year monthly elevations. for each
alternative and the 1990 meteorology. The 6372 ft alternative was predicted to be susceptible
to meromixis, the 6377 and 6383 ft alternatives were predicted to be a prone to meromixi§ for
exceptionally high runoff years, and the 6390 ft alternative was predicted not‘to be susceptible
to meromixis.

In 1994, a bubble plume algorithm was incorporated into DYRESM to determine
methane ebullition could account for the obseﬁed higher than predicted rates of hypolimnetic
heating (Rbmero et al. 1996). Application of the one dimensional vertical mixing model,
DYRESM, to hypersaline Mono Lake reproduces mixed layer dynamics well but hypolimnetic

heating is underestimated. One possible source of increased hypolimnetic heating is vertical
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mixing caused by a bubble plume of methane rising from the sediments wHere a large reservoir
exists. Estimates of vertical mixing from methane seepage in Mono Lake were made with the
inclusion of a bubble plume algorithm. A methane ebullition rate three hundred times greater
than the maximum Mono Lake estimate was required to simulate the observed hypolimnetic
heating. Other potential sources or mechanisms for hypolimnetic heating are currently being
considered.

DYRESM was also used to assess the effect of predicted prolonged re'gionai droughts
due to global warming on the occurrence of meromixis in Mono Lake (Romero and Melack
1996). Lake levels, salinities, and vertical mixing of closed-basin lakes can undergo large
changes due to variations in regional climate. To examine the influences of changes in lake
level and salinity on the seasonal mixing regime, we applied a one-dimensional vertical mixing
model to Mono Lake and incorporated hydrological data for 50 years (1940 to 1990). The
frequency and duration of meromixis for three runoff conditions (0%, 12.5% and 25%
reductions of the past 50 years of precipitation and streamflow) were simulated. The
frequency of meromixis was forecast to increase with higher inter-annual streamflow and
precipitation variability, pérticularly if lake levels remain near present elevations. The effect of
ea;'lier snowpack melt on vertical mixing was modeled to be a shorter period of wiﬁter '
holomixis.

Subsequent limnological monitoring and data analysis have highlighted the importance
year-to-year differences in the stratiﬁcafion regime to explaining among year differences in the
plankton dynamics. For this reason, continued efforts at modifying, refining, testing, and

applying DYRESM have continued to the present.

Modeling plankton dynamics
Dana and Lenz (1986) studied the effects of salinity on the Arfemia population with a
long-term laboratory experiment. They found that with increasing salinity, adult size, growth

rates, and brood sizes decreased, and female mortality during reproduction increased. In
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addiiion, hatching of diapause eggs was delayed and total percent hatch decreased as salinity
increased. Although these results are qualitatively consistent With changes observed in the
Artemia population during a period of salinity increase in Mono Lake, they do not predict the
magnitude of the changes observed in the field monitoring.

In 1991, relationships between Artemia monica life history characteristics and salinity
were re-analyzed using data from four published Studies and three experiments (Dana et al.
1993). Salinity explained 40 to 93% of the variatioﬁ in ten life-history characteristics.
Reduction in hatching success, survival, length, Weight, ovigery, and brood size were
observed as salinity increased ffdm' 76 to 168 g I'l. Inter-brood duration, and time to hatching
and reproduction were protracted as salinity was elevated. Salinity effects on life history
characteristics éppeared. to be gradual and continuous rather than exhibiting tﬁresholds. The
one exception was naupliar survival, which was constant between 76 and 133 g I'! followed
by a decrease above 133 g I, |

In 1987, an initial attempt to derive life-history parameters was made using a model of
the shrimp dynamics (Jellison 1987). The assumptions contained in traditional methods of
éohort analysis were not met by the data and thus could not be usefully applied. Asan
alternative, a state-space model of the shrimp dynamics was constructed. Analysis of Mono

Lake data using a state-space model was only partially successful. Although individual years
éoixld be fairly well simulated, data from different years yielded different parameter estimates.
Because the analysis of field data was made difficult by the need to estimate many unknown
model parameters, development rates were estimated independently from laboratory
~ experiments which mimicked conditions found in the lake duriﬁg both monomictic and
meromictic periods. A model was successfully employed to estimate instar specific
development and mortality rates in these experiments (Jellison ef al. 1989).

A cohort model of the Artemia population dynamics was developed to analyze the
field data collected from 1983-88 (Jellison ez al. 1990). Results from the Ar‘temié

development experiments conducted in 1988 were incorporated into the model. Initially, the
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field data was analyzed with a cohort model which explicitly included ovoviviparous
reproduction. Poor results led to revisions which utilized empirical data to describe
ovoviviparous reproduction and used the model to estimate six life-history parameters from
the field data: a base mortality rate for nauplii, juveniles, and adults; an effect of low food on
survival; an effect of low temperature bn survival; and the % hatch of cysts lying in the’
oxygenated sedimenté. Although 1984-89 were fairly well simulated with parameters
estimated from the field data, 1983 was poorly described by the model.

 The cohort model of the Artemia dynamics was coupled With a description of the.
major nitrogen fluxes and used to assess the effects-of changing lake levels on the Artemia
population. While the model described the general characteristics of the plankton dynamics
and the seasénal partitioning of nitrogen among various pools, instar-specific abundances
were not well simulated and a better understanding of Artemia mortality rates is required. It
was also concluded a multi-layered model formulation is needed to accurately model nitrogen
fluxes as opposed to the simple two-layer formulation used in the analysis. In general, the
model was most sensitive to factors affecting nitrogen availability and thus the importance of
nutrient limitation was highlighted.

The analysis of the relationships between Artemia life history parameters and salinity

~ were combined with the model to predict the effects of different lake levels. A 40 to 60%
change in mean annual Artemia biomass (per unit volume) was predicted for lake level
changes of 15 ft. The expected éhanges are 20 to 30% greater on a total lakewide basis when
area-and volume changes are included. While cyst production was strongly affected, it
appears to have little relevance to the dynamics of subsequent years as illustrated by the low
sensitivity to 20-fold changes in hatching success. These predicted effects are much less than
would be predicted by multiplying together the effects of salinity on individual life history
parameters. Changes in life history characteristics are not translated directly through to the

population level due to interactions among other limiting factors.
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In 1993, previously conducted laboratory experiments were re-analyzed to determine
the effects of different natural regimes of temperaturé and food on survival, growth, and
development of Artemia (Dana et al. 1995). Each year, two geng:rations of Artemia monica
develop under different environmental conditions in Mono Lake. The first generation
develops during spring when food levels are high and temperatures are low and warming
slowly. The second generation develops during summer at low food levels énd higher initial
temperatures which continue to warm. Development, growth, and survival of first and second
generation Artemia were determined under laboratory conditions which tracked the natural
temperature and food regimes in the lake. Two food treatments were administered to first
generation shrimp representing the high levels usually found during the spring and reduced
food levels observed during a recent six-year period of meromixis.

Development to adulthood and the onset of reproduétion occurred five days sooner in
high food treatment than in the low food treatment of tﬁe spring experiment. Also,
development and onset of reproduction were two to three times faster in the warmer low food '
summer treatment. Under spring, high food conditions, shrimp experienced a higher survival |
to adulthood (46%) and lower daily mortality rate (0.012 d-!) than sflrimp in the spring, low
food treatment, which had 30% survival and a 0.015 d-! mortality rate. Survival to adulthood
of summer, ldw food animals (49%) was similar to that in spring, high food, however, the
daily mortality rate was twice as high (0.029 d*'). While instar-specific length did not vary
among treatments, instar-specific weights of juvenile and adults were lower in the surhmer,
low food treatment than in the other two treatments. The cumulative secondary production of
single cohorts was lowest in the summer (0.32 mg dry weight individual") due to low
individual weights and highest under spring, high food conditions (1.1 mg dry weight
individual"). ’ '

In 1993, several methods of cohort analysis were compared and a new method used to
analyze the Artemia development experirhents (Jellison ef al. 1995). The linear-transfer and

lag-Manly models of zooplankton cohort development were examined using data generated
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from a third more realistic model. The more realistic multi-transfer model included variance in
development rate among individuals. The linear-transfer model prodﬁced highly biased
estimates of development rate under conditions of rapidly changing recruitment. Although its
performance was improved by increasing the number of modeled stages and thus decreasing
the rate of c;hangc in recruitment compared to stage dﬁration, a positive bias remained. The
lag-Manly model also produ;:ed positively biased estimates of stage duratibn given non-zero
variance in development rates. A comparison of the models' performances under different
simulated sampling regimes recommended the multi-transfer model.

Use of the multi-transfer model was illustrated by determining the development and
mortality rates of the brine shrimp, Arfemia monica, reared under three different conditibns of
food and temperature corresponding to natural regimes in Mono Lake, California. The
~ experimental conditions and sampling regime resulted in high relative standard errors (mean,
33%) in stage abundance estimates not atypical of zooplankton sampling regimes in lakes. A
Monte Carlo analysis was used to determine the uncertainty in estimated parameters and
determine the level of stage aggregation which maximized the amdunt of information deriv_ed
from the experiments. A similar analysis is planned for weekly Artemia population data
collected during summer 1993 after which the new method will be applied to previously
collected field data in an attempt determine year to year and seasonal changes in Artemia

mortality.

Other research activities

The efficiency of the plankton sampling program was evaluated in 1990 by analyzing |
the spatial and analytical variation in chlorophyll @ and Artemia field data (Jellison et al.
1991). The results indicate that although the sampling program was reasonable for evaluating
spatial and temporal variability in the plankton and describing functional relationships within
and among the plankton communities, it was not the most efficient design for evaluating inter-

annual population change. ‘Based on this analysis, the number of stations sampled for Artemia
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was doubled while replicate tows taken at each station reduced. In 1994 LADWP-funded
limnological monitoring at Mono Lake was further reduced. While much reduced, the
limnological monitoring was modified to estimate key features of the seasonal plankton
dynamics which enable comparisons to previous years.

In 1993 several sediment cores were collected from a central deep station in Mono
Lake (Jellison et al. 1996). Finely-laminated sediments of Mono Lake provide a detailed
paleolimnological record of organic matter accumulation during a period of 'large fluctuations
in s;alinity resulting from climatic variation and water diversions. In sedimentary profiles |
representing the last 170 years, organic carbon content of the sediments varied from 6.6% to
16.1%. The accumulation rate of organic carbon at a sedimentation rate of 0.7 cm yr'! varied
from 76 to 164 g C m? yr"'. The most notable change was a gradual increase in 10-yr mean

‘accumulation rate from 93 g C m? yr'' to 145 g C m™ yr'' as salinity increased from ca. 48 to
97 g I'! during water the recent period of water diversions (1941-82). While the correlation
between organic matter accumulation and salinity during the recent period may be due, in
part, to the slow decay of organic matter under hypersaline conditions, a positive correlation
between accumulation rates and estimated lake salinities at time of burial exists throughout the
170-yr record.

To determine how long the current episode of meromixis is likely to persist, the
vertical mixing model, DYRESM (Imberger and Patterson 1981), which had been préviOUSly
modified for use at Mono Lake (Romero and Melack 1996), was used in conjunction vﬁth S0
years of historical runoff data (1940-90) and the allowable diversion schedule (Jellison et al.
1998). Simulations predict that the current management policy of rapidly raising the lake level
by restricting diversions is likely to result in a multi-decade period of meromixis at Mono
Lake. The median estimate of the duration of the current episode of meromixis range§ from
44 to 63 years due to uncertainty in the eddy diffusivity parameter coefficient. However, the
predicted duration is highly dependent on the starting year of the runoff sequence. Starting

the runoff sequence with the high runoff observed in 1982 leads to a predicted duration of 62
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years while beginning with the drought conditions observed in 1987 predicts the breakdown of
meromixis after 17 years.

In 1999, temperature and salinity profiles from DYRESM simulations for the period
1996 — 1999 were compared th> observed profiles for the same period. Analyses indicate
DYRESM is not predicting the full extent of the observed freshening of the monimolimnion.
Although subsurface inflows not modeled by DYRESM can account for a portion of the
observed discrepancy, it is clear that DYRESM does not fully account for the observed
vertical mixing. Thus, the earlier predictions of the expected duration of meromixis afe

overestimates. Modifications of DYRESM and further analysis are being pursued.
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CHAPTER 2
. PHYSICAL, CHEMICAL, AND BIOLOGICAL

CONDITIONS IN MONO LAKE, 1999

Introduétion

Long-term moMtoﬁng of the plankton populations in Mono Lake and their
physical, chemical, and biological environment is essential to understanding the effects of
rising lake levels on ecosystem dynamics. Measurements of the vertical distribution of
temperature, oxygen, conductivity, and nutrients are requisite for interpreting how
variatio'ns in these variables affect the plankton populations. Consistent methodologies
were employed duﬁng the 21-yr period, 1979-99, and have yielded a standardized data set
from which to analyze seasonal and year to year changes in the plankton. Lakewide
monitoriné was conducted during tén surveys in 1999, once each month during February—
October and December. A survey of lakewide brine shrimp abundance was also
conducted in November to better describe the autumn decline in Arfemia abundance.

The intensity and duration of limnological research at Mono Lake during the past
21 years is unique among limnological studies of large hypersaline lakes and has resulted
in detailed understanding of many aspects of the plankton dynamics. Many of these are
descﬁﬁed in the review of previous research and in numerous publications (see Chapter 1).
Differences among years in the 1980s and early 1990s are described in previous annual
repérts and publications. |

Limnological monitoring at Mono Lake can be divided into several periods each
with fundamentally different mixing and nutrient regimes. These different regimes
correspond to two different annual circulation patterns, meromixis and monomixis, and the
transition between them (see Chapter 1). 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
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stratification or meromixis. Strong chemical stratification has continued through the
present as diversions of freshwater streams 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 et al. 1998).
In this chapter, we describe the physical, chemical, and biological conditions in Mono

Lake during 1999, the fifth year of what is likely to be an extended period of meromixis.

Methods

Ten lakewide surveys were conducted in 1999 at approximately monthly intervals.
During winter the plankton dynamics change relatively slowly and a survey was not
conducted during January. An additional Arfemia survey was conducted in Novérﬁber to |
better describe the autumn decline in Artemia as this may be important to understanding
Eared Grebe abundance and staging behavior. Arfemia, temperature, conductivity,
oxygen, ammonium, chlorophyll a, and Secchi depth were sampled on every sﬁrvey except
in November when oxygen, ammonium and chlorophyll a were nof measured. A complete
set of meteorological data was also continuously collected at meteorological stations.
located on Paoha Island and at Cain Ranch.
Physical En\;ironment

Water temperature and conductivity were measured at eight buoyed, pelagic
stations'(4, 6, ET5.6, S10, S30, 8, 9, and 11) (Fig. 2.1) witha high-precision,
conductivity-temperature-depth profiler (CTD) (Sea-Bird Electronics, model Seacat SBE
19). The CTD was deployed with a free-fall rate of ~0.25-0.35 m s°! and records

temperature and conductivity every 0.5 seconds. Raw temperature data were shifted
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upward 1.6 scans (~800 ms) relative to the pressure data to allow for the slower response
of the thermistor. Conductivity readings at in situ temperatures (C,) are standardized to

25°C (C2s) using
Cys = €,
3 = 11 002124(1 = 25) +916 x 107 ( - 25)°

where ¢ is the in situ temperature. The CTD was calibrated in June 1998 by Sea-Bird
Electronics. 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 S30 and the following density equation:

plt,Cs) =1.0034 +1.335x107°1 - 6.20 107 +4.897 x 107 Cys
+4.23x107°C% —1.35x107°1C, '

The relationship between total dissolved solids and conductivity for Mono Lake water is
givén by:

TDS(g kg™) =3.386+0.564 x C, +0.00427 xC;.

To obtain TDS in grams pér liter, multiply the above expression by the density at 25°C for
a given standardized conductivity given by:

p,5(C) = 099986 + 52345 x 107 C + 423 x 10°C?

' A complete description of the derivation of these relationships is given in Chapter 4 of the
1995 Annual Report.

Throughout 1999 light attenuation and dissolved oxygen were measured -at one
centrally-located station (S30). Light attenuation was measured with a LI-COR light
meter (LI-COR, model LI-189 - February—October, model LI-250 - December) equipped
with a submersible PAR light sensor (LI-COR, model LI-1928). Dissolved oxygen
concentration was measured with a Yellow Springs Instrument temperature-oxygen meter
- (YSI, model 58) and probe (YSI, model 5739) during 1999. The LI-COR light meter (LI-
COR, model LI-189) and submersible PAR light sensor (LI-COR, model LI-192S) were .
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} calibrated on 4 January 1999 by LI-COR Inc. The LI-COR light meter (LI-COR, model
LI-250) was purchased in November 1999. The oxygen electrode is calibrated at least
once each year against Miller titrations of Mono Lake water (Walker et al. 1976).
Chlorophyll and Nutrients

Chlorophyll and nutrient samples were collected from seven to eleven depths at
one centrally-located station (S30). In addmon 9-m integrated samples for chlorophyll a
determination and nutrient analysis were collected with a 2.5 cm diameter tube at ﬁve
stations (2, 6, 10, 11, and S30) (Fig. 2.1). 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 labloratory.

Ammonium concentrations were measured using the indophenol blue method
(Strickland and Parsons 1972). Internal standards were used since the molar extinction
coefficient is less in Mono Lake water than in distilled water.

Upon return to the laboratory, chlorophyll samples were filtered onto 47 mm
Gelman AJE filters and kept frozen until the pigments were analyzed. Chlorophyll a was
extracted and homogenized in 90% acetone at room temperature in the dark. Following

clarification by centrifugation, absorption was measured at 750 and 663 nmona
spectrephotometer (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. Absorptlons were
converted to phaeophytin-corrected chlorophyll a concentrations with the formulae of
Golterman (1969). During periods of low phytoplankton concentrations (<5 pg chl a I'1),
the fluorescence of extracted pigments was measured on a fiuorometer (Sequoia-Tumer,
model 450) which was calibrated against the spectrophotometer using large-volume lake

samples and fresh lettuce.
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Artemia

The Aftemia population was sampled by oﬁe net tow from each of twenty stations
(Fig. 2.1). Samples were taken with a plankton net (1 m x 0.30 m diameter, 120 ym
Nitex mesh) towed vertically through the water column. Samples were preserved with 5%
formalin in lake water, and 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 al Folsom plankton splitter. Samples were split so that a count of
150 to 200 animals was obtained. Shrimp were classified into adults (instars > 12), -
juveniles (instars 8—11), and nauplii (instar 1-7) acco>rding 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 females with oocytes.
Adult ovigerous females were further classified according to their reproductive mode,
ovoviviparous of oviparous. A small percentage of ovigerous females were unclassifiable
if eggs were in an garly developmental stage. Nauplii at six stations (6, 15, 9, 11, S10, and
$30), representing the east, west, and south sectors of the lake (Fig. 2.1), were further
classified as to instars 1-7. 4

Live females were collected for brood size and length analysis from the ten buoyed
stations (Fig. 2.1) 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
r'andomly selected, isolated in individual vials, and preserved. Brood size was determined
by counting the number of eggs in the ovisac including those dropped in the vial, é.nd 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 included).
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Results and Discussion
Surface Elevation

The surface elevation of Mono Lake rose during the first half of the year and
peaked at 6385.1 ft asl (USGS datum) on 16 July 1999. This was 0.6 ft above the 1998
high point. After mid-July 1999, the surface elevation declined due to eyaporative loss to
6384.1 f asl by the end of the year (Fig. 2.2). The 1998-99 iﬁcrease in peak surface
elevation (0.6-ft) resulted from a year of near normél runoff following four consecutive
years of above normal runoff with restricted water diversions out of the basin. While the
peak surface elevation was 0.6 ft higher in 1999 than in 1998, the surface elevation
actually declined 0.1 ft between 5 January 1999 (6384.2 ft asl) and the end of the year
(6384.1 ft asl). This was the first net annual decline in surface elevation in 5 years. In
1995, exceptionally high runoff led to a 3.5 ft net annual rise in surface elevation, whereas
the 1996, 1997, and 1998 runoff resulted in 2.0, 2.3, and 2.2 ft. net annual rises,
respectively. .
Temperature

The annual pattern of t‘hermal stratification in Mono Lake results from seasonal
variations in climatic factors (e.g. air femperature, solar radiation, wind speed, humidity)
and their interaction with density stratification. The timing and magnitude of freshwater
inputs, primarily precipitation and inflowing streams which mix into the upper portion of
the water column, strongly affect the seasonal pattern of thermal stratiﬁdtion. The annual
pattern of seasonal thermal stratification observed at Mono Lake during monomictic -
conditions (1989-94), in which strong thermal stratification during the summer is followed
by holomixis in late autumn, is typical of large temperate lakes. This pattern was altered in
1995-99 (Fig. 2.3, Table 2.1) due to vertical saliﬁity gradients associated with ongoing
meromixis.

Aside from the absence of a winter period of holomixis, the most notable

" difference in the thermal regime during 1996-99 compared to monomictic years is the
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presence of significant inverse thermal stratification at mid-depths. This inverse thermal
stratification was observed from December 1995 through Apﬁl 1996 and from November
1996 through May 1999 (throughout 1997 and 1998). In the February 1999 profile,
temperatures increased from a minimum of 2.1°C at 5-17 m depth to a maximum of 5.1°C
at 22-23 ‘m, an increase of 3.0°C below the mixolimnion (Table 2.1). During 1999 this
thermal signatu.re was obéerved only through mid-May, and at greater depths and with less
warming than was observed in February. The temperature increase below the mid-depth
fempérature minimum gradually decreased from 3.0°C in February to ~0.3°C in May
before virtually disappearing (< 0.05°C increase) by mid-June. The mid-depth minimum
temperatures ranged from 2.1°C in February to 4.7°C in May, and their depth increased
from 5-17 m in February to 21 m in May (Table 2.1).
The almost constant monimolimnetic temperatures represent the second significant
‘ ‘diﬁ‘erem;e from more typical monomictic thermal patterns. In a typical monomictic year,
hypolimnetic temperatures warm slowly throughout the year until overturn in late autumn,
when the lake mixes to the bottqm. After holomixis occurs, isothermal conditions prevail
with temperatures decreasing through the winter months. The lowest temperatures in the
hypolimnion typically occur in February before the onset of seasonal stratification. In
' 1993—95 the lowest temperatures in the hypolimnion occurred January—April, (1.8-1 .9°C
in 1993, 2.5-2.7°C in 1994, and 2.9°C in 1995), and the warmest temperatures occurred in
December (4.6°C in 1993, 5.0°C in 1994, and 4. 1°C in 1995) near the time of holomixis.
Because no period of holomixis occurred in late 1995 through 1999, hypolimnetic
temperatures were slightly warmer than usual and changed little throughout the year.
Hypolimnetic temperatures remained between 4.9—5.0°C throughout 1999, slightly cooler
and more constant than those obsgrved in 1997 and 1998 (5.0-5.2°C and 4.9-5.1°C,
respectively). |
During February and March no thermocline was observed above the

monimolimnion. However, by mid-April a seasonal thermocline had formed below 3 m.
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This thermocline persisted and graduaily deepened to 11 m by mid-June. In mid-July a
secondary seasonal thermocline had formed at 9-10 m. This secondary thermocline
persisted throughout the summer and autumn, gradually deepening to 18-19 m by mid-
November. In December, the water column was nearly isothermal at 7.4°C above the
monimolimnion ﬁt 21-22 m. In December 1999, the mixed layer temperature was ~2°C
warmer and the top of the monimolimnion was 5 m deeper than was observed in -
December 1998.

Mean epilimnetic temperatures wereicool during February and March 1999 (2.1
and 4.0°C, respectively) above the inverse temperature gradient at 18-19 m depth. By
mid-April when the shallow seasonal thermocline had formed, near surface mean
temperatures warmed to 6.7°C similar to April 1998. The mean epilimnetic temperature
" warmed further to 11.8°C by mid-May, which was ~2°C warmer than observed during
May 1998, and continued to warm until the maximum was reached in mid-July (20.7°C).
The maximum water temperature for 1999 was recorded in mid-July at 5-m depth
(21.0°C). The mean epilimnetic temperature maximum in 1999 occurred a month éarlier
than that observed in 1998 and was ~1.2°C cooler, but is within the range observed in
previous years. Autumnal cooling of the epilimnion proceeded slowly in 1995-99
compared to 1993 and 1994. Slower rates of cooling in 1995—99'were caused in part by
reduced entrainment of colder metalimnetic water due to strong chemiéal stratification.
On 6 December 1999, the upper 21 m of the water column were ~7.4°C, warmer than
observed in early December 1996-98 (~6.6, 6.4 and 5.6°C, respectively) and ~1.5°C
cooler than observed on 7 December 1995, probably reflecting the warmer than average
autumn ambient terﬁperatures in 1999, The December 1999 mixed-layer temperatures
were much warmer than in 1993 (4.7°C) and 1994 (5.0°C) before the onset of this period

of meromixis.
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Conductivity 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.
During 1999, conductivities in the mixolimnion (2 m) decreased from 77.5
mS cm’ in February to 76.8 mS cm™ in July (Fig. 2.4, Table 2.2) during maximum
snowmelt mnoﬁ Subsequent evaporative concentration resulted in a conductivity
increase to 78.7 mS cm’ by early December. Thus, in 1999 the mixolimnetic salinity
(TDS) ranged from 71.9t0 74.2 g kg”. The minimum conductivity and salinity observed
in 1999 was slightly higher than the minimums observed in 1998 (~75mScm™, 699 g
kg™), but the maximum conductivity and salinity was lower (~80 mS cm™, 75.8 g kg'in
1998). This continues a 5-yr trend of decreasing m@mum’mixolimnetic conductivities
and salinities. In 1995, 1996, and 1997 mixolimnetic conductivities ranged from 84 to 86,
81 to 84, and 78 to 81 mS cm™' each year, respectively, and mixolimnetic salinities ranged
from 81 to 87, 78to 81,and 74to 77 g kg, respectively. Although evaporative '
_concentration during autumn resulted in a slight increase in mixolimnetic conductivities
during August-December 1999, significant density stratification remained at the end of the
year.
Mdnimolimnetic conductivities during 1999 were ~87.5 mS cm! (~85.4 g kg
TDS) in February and exhibited a small decrease by year’s end, reaching ~87.3 mS cm™
(~85.1 g kg") in December. Monimolimnetic conductivities and salinities have decreased
slightly eaéh year during this period of meromixis. Conductivities and salinities rangea
from 91.0 mS cm™ (90.1 g kg™!) in Marcﬁ t0 90.3 mS cm™ (89.1 g kg™') in December
during 1995, from 90.2 mS cm™ (89 g kg™ in February to 89.6 mS cm™ (88.2 g kg')in
December during 1996, from ~89.6 mS cm’! (88.2 g kg™!) in February to ~88.8 mS em?!
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(87.1 g kg") in December during 1997, and from ~88.6 mS cm™ (86.9 g kg™') in February
to ~87.l7 mS cm’ (~85.7 g kg™) in December duriné 1998. This indicates a small amount
of vertical mixing or tﬁe presence of subsurface freshwater inflows. )

During 1999 conductivities generally appear well-mixed above the monimolimnion
and the salinity gradient at the chemocline appears significantly steeper and sharper than in
previous meromictic years (Table 2.2, Figure 2'.4). The chemocline deepened throughout

the year from ~18 m in February to ~ 20-21 m in December.

Density Stratification: Thermal and Chemical

The large seasonal variation in freshwater inflows associated with a temperate
climate and year-to-year climatic Qariation leads to complex patterns of seasonal density
stratification. Much of the year-to-year variation in the plankton dynamics observed
during the past 21 years at Mono Lake can be attributed to marked differences in chemical
stratification resulting from variation in freshwater inflows.

~ Strong density stratification was present thro(xghout the year during 1999 (Fig.
2.5, Table 2.3), though the stratification was siightly weaker than in 1998 due to a lower
volume of freshwater inputs in 1999. Density ranged from a maximum of 1.077-1.078 g
cm™ for water near the_ bottom (below 28 m) throughout the year to a minimum of 1:061 g
cm’ in near éurface (1-4 m) water during July. The minimum densities observed in 1999
were more than the minimums observed August 1998 (1.059 g cm™), but less than in July
and August 1995 (1.068 g cm’®), 1996 (1.066 g cm™), and 1997 (1.064 g cm™). The
slight rise in rﬁinimum densities in 1999 reflects a slight increase in evaporative
concentration of the mixolimnion with a year of slightly below normal precipitation and
lower freshwater inflows.

The highest density gradients (greater than 0.0015 g cm” m™) occurred ét
intermediate depths between mxxohmmon and the perennially isolated monimolimnion

(Fig. 2.5). The density gradlent at the top of the monimolimnion was extremely sharp and

2.10



steep throughout 1999 (an increase of ~0.0040-0.0060 g cm” within a meter). The depth
‘of this sharp density gradient increased from 18-19 m in February to 20-21 m in

December.

A comparison of the density differences between 2 and 28 m due to thermal versus

" chemical stratification indicates chemical density stratification continued to predominate

throughout 1999 (Fig. 2.6, Table 2.4). At the peak of thermal stratification during July,
chemical stratification contributed about three times as much as temperature to the overall
density stratification (12:2 versus 4.1 kg m"). A comparison of the density differences
between 2 and 28 m during 1998-99 indicates that chemical density stratification
weakened slightly during 1999. Annual peaks in density differences due to chemical
stratification increésed 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, Fig. 2.6). During the
1999 December survey the density stratification due to salinity was 9.9 kg'm'3 compared to .
0.4 kg m” due to temperature. The December density stratification due to salinity was
lower in 1.999 than in 1998 (11.7 kg m™), but higher than any other year since 1995 (6.0
kg m>, 1995; 79 kg m>, 1996; 9.7 kg m*, 1997). During 1999, the only survey‘ix'1 which
temperatures showed an inverse gradient between 2 and 28 m was 19 February, when the
density difference due to temperature was -0.38 kg m™ and the density differe-nce.due to
salinity was 11.7 kg m™.

December conductivity .proﬁles from 1994-99 (Fig. 2.7) show that in 1999 there
was an increase in mixolimnetic conductivities due to summer evaporative concentration
of surface water while monimolimnetic conductivities showed a slight decreasé, resulting
in an overall decrease in chemical stratification during 1999. The overall maximum |
density stratification due to both thermal and chemical effects observed in 1999 was 16.3
kg m”, a decrease from the 1998 maximum of 19.4 kg m, but similar to the maximum

observed in 1997 (16.4 kg m™) (Fig. 2.6, Table 2.4).
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Sumrher thermal stratification regularly contributes 4 to 5 kg m” of density
stratification between 2 and 28 m, as was observed in 1997-99. 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 laye'r. During meromictic 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 1999 average lakewide transparencies, as determined by Secchi depth, remained
between 1.8-1.9 m during February-April. In mid-May as Artemia instar abundance
reached its spring maximum, mean Secchi depth increased to 2.8 m. This spring increase
in lake transparency occurred one month later than inl 1998. The mean Secchi depth

increased rapidly to 9.9 m by mid-June, as the first generation of Artemia matured, and

then reached an annual maximum of 11.5 m in mid-July. This maximum annual Secchi

"depth is 0.4 m shallower than the maximum observed in 1998, but nearly 2 m deeper than

the maximum observed in 1997 and 0.6 m deeper than that observed in 1996 (Fig. 2.8).
The timing of the summer transparency maximum was the same as that in 1996-98 and
over a month earlier than in 1995. In 1999, Seéchi depths remained high into August and
Sepfember (11.2 and 9.8 m, respectively), then decreased to 5.9 m on 20 October and
further to 2.7 mon 11 November. Average lakewide transparencies, as determined by
Secchi depth, reached their annual minimum (1.5 m) in December (Table 2.5). This
annual minimum Secchi depth was 0.4 m shallower than that in 1997, and occurred in
December.instead of in the spring as observed in 1995-98. The mean transparency in
Décember 1999 was shallower than the range observed during December 1995-98 (2.0-
2.8 m), and similar to Secchi readings during December in 1993—94 before the onset of

this period of meromixis (1.5-1.6 m). Reduced upward flux of nutrients accompanying
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meromixis reduces the annual autumn algal bloom during periods of meromixis. However,
in 1999 significant deepening of the mixed layer presumably entrained nutrient-rich water
and led to the observed algal bloom and shallower Secchi readings during December.
Throughout the rest of the year transparencies were higher than observed in previous
monpmicﬁc years. ’

Secchi depth is an integrative measure of light attenuation within the water
column. Because absorption is exponential with depth, the long-term variation in Secchi
depth is most apprépriately viewed on a logarithmic scale. During 1999, the annual
maximum in Secchi depth was higher than that observed during the past 21 years, except
1985, 1989, and 1998 and greater than that observed during any of the previous
monomictic years (Fig. 2.9). The annual minimum Secchi depth was between those
observed in 1997-98 and those observed in 1995-96 and was similar to the minimum
observed in 1985 during the previous episode of meromixis. These changes reflect
decreased availability of nitrogen and thus phytoplankton as a result of increasing chemical
stratification and the absence of a winter period of holomixis.

The attenuation of PAR Withiﬁ the water column varies seasonally, primarily as a
function of changes in algal biomass. In 1999, the depth of the euphotic zone,
operationally defined as the depth at which only 1% of the surface insolation is present,
varied from 7-10 m in the spring and winter to a maximum of 19 m in June (Fig. 2.10).
From its maximum in June, the depth of the euphotic zone decreased slowly through
October (~15 m), and then more rapidly, reaching the annual minimum in December (~7.5
m). In 1999, with one exception, the depth of the euphotic zone was generally ~3-4
meters deeper than observed during the last two monomictic years (1994—early1995),
reflecting decreased algal biomass. However, during December 1999 the debth'of the
euphotic zone was nearly the same as that in December 1994 and was 2-3 m shallower

than in December 1995 at the beginning of this period of meromixis.
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Dissolved Oxygen

Dissolved oxygén concentrations are primarily a function of salinity, temperature,
and the balance between photosynthésis and overall community respiration. In the
euphotié zone of Mono Lake, dissolved oxygen concentrations are typically highest during
the spring algal bloom. As the water temperature and Artemia population increase
;hrough the spring, dissolved oxygen concentrations decline. Beneath the euphotic zone,
bacterial processes deplete the oxygen once the lake stratifies. |

On the first survey of the year, 19 F'ebruary 1999, dissolved oxygen was high in the
mixolimnion (~5-6 mg I'") and depleted below 20 m (F ig 2.11, Table 2.6). In March the
dissolved oxygen concentration in the mixolimnion reached the year’s maximum (~6.9-7.4
mg I above 10 m) while the water below 20 m was anoxic. Mixolimnetic dissolved
oxygen concentrations gradually decreased through April-June, and by mid-July dissolved
oxygen concentrations in the upper 7 m were 4.6-4.7 mg I'. Mixolimnetic dissolved
oxygen remained near that concentration through October. Dissolved oxygen
concentrations increased slightly to 4.8-5.2 mg 1" in the mixolimnion during early
December. The water columﬁ was depleted of dissolved oxygen below 19-20 m depth
February—bctober. In December the depth of the anoxic zone (defined by dissolved
oxygen concentration of <0.5 mg I'') deepened to below 22 m. The absence of any winter
peridd of holomixis results in permanently anoxic condition§ beneath the chemoclipé. The
maximum oxygen concentration observed during 1999 was iﬁ mid-March at4 m (7.4 mg
I'"). Mid-depth oxygen concentration maxima were also observed at 4-7 m depth during
April and 8-10 m in May\(6—7 mg I'"), at 12 m in June and July (5-6 mg ™, at 1_5 m
during August, and at 12-13 m in October (~5 mg I'Y). These dissolved oxygen values are
within the range observed in previous years. '
Nutrients (Ammonium) |

Nitrogen is the primary limiting macronutrient in Mono Lake as phosphate is in

super-abundance (350-450 uM) throughout the year (Jellison ef al. 1994). External inputs
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of nitrogen are low relative to recycling within the lake (Jellison er al. 1993). Ammonium
. concentrations in the euphotic zone reflect the dynamic balanc¢ between excretion by
shrimp, uptake by algae, upward vertical fluxes through thermo- and chemocline(s),
rélease from sediments, ammonia volatilization, and small external inputs. Because a large
portion of particulate nitrogen, in the form of algal debris and Artemia fecal pe}fets, 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.

. During 1999, ammonium concentratibns in the euphotic zone were low (0.6-1.1
uM) during February-May, July—August and October-December (Fig. 2.12, Table 2.7).
. Euphotic zone ammonium concentrations were slightly higher in thé upper 12 m of the
water column during .June (1424 pM) and September (0.8-2.0 uM) due to Artemia
grazing and excretion. Artemia grazing results in decreased phytoplankton and thus algal
ammonium uptake. This pattern is similar to that observed in 1998 when concentrations
increased slightly each month from April"io 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 ali year (0.4-0.9 pM) and
never reached a mid-summer peak. Ammomum concentrations at 2 m depth were smular
during February and March 1996-99 (0.6-0.7 uM). However, during May-July 1997
ammonium concentrations at 2 m depth (0.4-0.5 pM) were significantly lower than in
1996 and 1998-99 (0.8—3.5 uM). During September—December, ammonium
concentrations were similar at 2 m in 1996-99 (0.6-0.9 uM).

Ammonium concentrations have continued to increase in the bottom waters.

During February 1999, ammonium concentrations in the bottom waters were 369-394 uM
at 28-35 m compared to 286-334 uM at 28-35 min 1998, 181 uM at 28 m in 1997 and

73 uM at 24 min 1996). Monimolirhnetic ammonium concentrations generally increased
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throughout the year with concentrations at 28 m reaching 483 uM by December
(compared with 164, 276 and 403 uM at 28 m in December of 1996, 1997 and 1998,
respectively). At35 m ammonium concentrations were over 500 uM in December 1999.
The observed seasonal accumulation is higﬁer than during monomictic years, but similar. to
" that observed during the 198388 episode of meromixis. During the mid-80s period of
meromixis, ammonium built up to ~600 uM over 6 years (Jellison ef al. 1989).
Algal Biomass (Chlorophyll a)

Algal biomass, as characterized by chlorophyll a, varied in the mixolimnion from
0.9 to 24.6 pug chla I (Table 2.8, Fig. 2.13) in 1999. Chlorophyll a concentrations at 2
m increased from ~11 pg chl a I'! in February to ~16 ug chla It in March then decreased
t0 0.9 pg chl @ It by mid-June, when the seasonal chlorophyll @ concentration minimum
was reached. After that it increased to 1-3 pg chl a 1! during July—October. By eafly
December chlorophyll a concentration at 2 m increased to the annual mixolimnetic
maximum, ~25 pg chl @ I'. The highest mixolimnetic chlorophyll a concentrations were
observed during the early spring and winter months, February, March and December and
were higher than the maximums observed in 1996, 1997, and 1998 (at 2 m ~5-8, 3-10, and
8-14 pg chl a.l'l, respectively). While the seasonal pattern of mixolimnetic chlorophyll
concentration was generally similar to that observed duri»ng the three previous meromictic
years, 199698, the high December concentrations represent a significant difference.

Prominent mid-depth maxima were observed at 24 m in February-May (32-35 ug
chl @ I'"), at 20 m June through September (~48-104 pg chl aI™), and at 22 m in
December (~40 pg chl a I'Y). It is clear that large popu‘lations of photosynthesizing
organisms may 'develop at the top of the nutricline. Our current sampling progfam does
not attempt to accurately monitor these populations which may have very limited vertical
extent. It is likely that this population consists of a recently identified novel phytoplankton

(C. Roesler pers. commun.) adapted to very low light levels.
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Monimolimnetic (24-28 m) concentrations of chlorophyll a were relatively
constant, ranging between ~29 and 38 pg chl a I'!, and within the range observed in
previous years.

Artemia Population Dynamics

Population Overview

Artemia population dynamics in 1999 were characterized by a s;ingle mid-July peak
in adults with little recruitment of second generation Arfemia during late summer — early
autumn (Fig. 2.14, Table 2.9-10). The first adults had not appeared by mid-May but some
had matured ‘by mid-June and were producing second-generation nauplii. Given adequate
food, second-géneration individuals mature rapidly at warm summer temperatures.
However, during meromictic years (1996-99), algal biomass is reduced and development
and maturation of second generation shrimp retarded. This results in formation of
broader, more indistinct adult population peaks, and merging of the first and summer
generation adult peaks into one. Thus, the single annual population peak in mid—July 1999
is composed of 1* and 2™ generation adults. In 1999, beginning with the 15 July survey,
the absence of middle instar stages of nauplii (instars 3 or 46 or 7) indicated recruitment
into the adult population had nearly sfopped (Table 2.10). This pattern continued through
September when instars 5-7 were not observed. In October—December all instars were
present, indicating late fall recruitment of instar§ into the adult population could have
occurred. In 1999, the peék abundance of adults. was observed on 15 July (38,400 m™2).
Subsequent surveys indicated that the adult population declined each month to <30 m-2 by

early December.

Nauplii (Instars 1-7)
Hatching of over-wintering cysts occurs in oxygenated sediments as water
temperatures warm following an obligatory cold dormancy period (Dana 1981). In Mono

Lake, these requirements result in hatching from J anuafy through May with most of the
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| hatching occurring in March and April. In all previously sampled years hatching had
begun by late February, with the exception of 1989 when anoxic conditions following the
breakdown of meromixis delayed the beginning of the spring hatch until the beginning of
March. In 1999, significant hatching had occurred by 19 February as naupliar abundance
was 518;600 m2 on that date (Fig. 2.14, Table 2.9-10). Naupliar numbers then increased
each month until they reac-hed their spring peak abundance on 12 May (60,600'm™?).
Naupliar numbers declined rapidly to 11,200 m'2 by 15 June and generally continued to
decrease each month until 6 December when naupliar numbers reached the lowest
lakewide abundance of the year (~600 m2). It is clear that the nauplii that were observed
in early spring 1999 hatched from over-wintering cysts, because no adult females were
present February-May. The spring naupliar peak abundance in 1999 (~60,600 m?2),
similar to that in 1998 (~64,400 m'2), was less than the unusually large peak observed in
1996 (82,600 m-2), but greater than the range observed during 1989-94 (13,000-35,000
m'zj and 1997 (36,700 m2). Data were not collected in April and May 1995.

During April and May 1999, naupliar numbers (42,000—60,600 m2) were
significantly higher than were observed during those months during 1993-94 (11,500—
28,300 m2) and fall within the range observed in 1996-98 (26,600-82,600 m-2). Spring
naupliar numbers peaked in May 1999 at the same time as in 1998, a month later than the

' spnng peak was observed in 1993-94 and 1996-97.

In 1999, production of second generation nauplii by ovovmparous females
occurred during June-September when brood sizes were moderate (27-48 eggs brood!)
(Fig. 2.15, Tables 2.11-12). Ovoviviparously reproducing females comprised 8% of
fecund females with differentiated egg masses in June, the annual maximum in percent

-ovoviviparity, and comprised less-than 1% of fecund females with differentiated egg
masses July—September. The mean brood size on 15 June 1999 (48 eggs brood!) was
similar to June 1998 (50 eggs brood!). During 1998 and 1999, the June brood sizes were
the largest of the year and within the range observed during June '1990-95 and 1998 (28-
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124 eggs brood!), and larger than were observed during June 1996-97 (33-36 eggs
brood-1). During the meromictic years 1984—1988, as well as 1991-92 and 1994, early
summer brood sizes were moderate (2070 eggs brood-!), smaller than the large broods
observed in 1983, 1989, and 1990 (90-156 eggs brood™). Differences in brood size are
largely related to algal abundance and individual size. '

Naupliar abundance, which reached its first generation peak on 12 May (60,600 '
m2), exhibited a much smaller second generation peak on 15 June (11,200 m2) (Fig. 2.14,
Table 2.9) during the period of maximum ovoviviparous reproduction. Producﬁon of
nauplii declined by 15 July as females switched to oviparous reproduction (Fig. 2.15).
Algal biomass, already depleted to levels of ~1 pg chlal! by 15 Jung, rose no higher than
~2 pg chlal! through September and low food levels most likely account for lack of
recruitment of second generation nauplii into the summer population of adults. From July
to September between 3 and 5 consecutive instar stages (3—7) were absent in Artemia
samples (Table 2.10) illustrating the lack of naupliar recruitment into the adult population.
A similar pattern has been observed in other years (1984, 1987, 1989, 1990-91, 1996—

98). The patternin 1999 was less pronounced than that observed in 1996.

. ~ Juveniles (Instars 8-11)

In 1999 juvenile numbers reached their annual peak on 15 June (35,600 m2), as
the first generation of Artemia matured (Fig. 2.14, Table 2.9). The timing of maximﬁm
juvenile abundance, similar to that in 1998, was a month later than observed in 1993-94
and 1996-97. The annual juvenile peak was greater in 1999 than the range in peaks
observed 1993-98 (9,700-32,200 m-2). The abundance of juvenile stages decreased
drastically each month from June (35,600 m2) through September (~20 m-2), then
increased to ~400 m2 by Noverﬁber indicating that some recruitment into the adult
population may have occurred during the autumn algal bloom. Juvenile numbers then

decreased to ~80 m2 by December as water temperatures cooled. This pattern is
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generally similar to that seen in 1993-98; except that the annual maximum was higher than
in 1993-98 and the annual minimum (~20 m2) was lower than any of those years (30-270

m2) except 1998 (<10 m*2).

Adults

In 1999, adults were even slower to mature than in 1998. By 15 June adults
represented only 27% of total Artemia numbers (June 1998, 32% of total Artenﬁa) (Table
2.9), whereas juveniles represented 55% of the total (42% of the total in 1998). In 1999,
similar to-l998, the mid-July survey was the first one in which a majority of first
generation adults had matured, with adults representing 73% of total Arfemia numbers.
The timing of the maturation of the majority of Artemia- in 1998-99isuptoa mont_h later
than in 1996-97, and nearly two months later than was observed in 1993-94. The
maturation of Arfemia is dependent on water temperature and the abundance of algae for
food. In mid-June 1999 the mean mixolimnetic temperature was 14.8°C, more than a
degree warmer than in June 1995 and 1998 (13.6 and 13.7°C, respectively), but within the
range observed during June 1993-94 and 1996-97 (14.6-18°C). The mixolimnetic water
tempereture in 1999 allowed swift maturation of shrimp between mid-June and mid-July.

The peak abundance of adults was observed on 15 July (38,400 m?2, Fig. 2.14,
" Table 2.9), a month earller than in 1997-98 and similar in timing to most previous years
The annual adult peak abundance was greater in 1999 than during 1990-98 (24,400
34,900 m2, Fig. 2.16). There was remarkably little vaﬁation in annual adult peak |
abundance duﬁﬁg the 1990’s, compared to variations observed 1979-89 prior to and
during the previous period of meromixis. Adult abundance declined from its peak in July
to <30 m2 in December. The abundance of adults in December was within the range
observed during December 1993-98 (20-90 m'2).

In 1999, first generation ovigerous females were not observed at Mono Lake until

15 June (1,000 m'2) when they comprised 14% of all aduit females (Fig. 2.15, Table 2.11).
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In 1999, similar to 1998, the appearance of ovigerous females was one month later than in
1993-94 and 1996~97. The number of ovigerous females increased to ~10,300 m™2 by 15
July (62% of all adult females), and to the year’s maximum, 10,400 m2 by 18 August
(83% of all adult females) and decreased only slightly to 10,200 m2 by 23 September
(99% ovigery, the year’s maximum). Numbers of ovigerous females continued 'to decline
to 4, lOO m2 on 20 October (98% ovigery), to 600 m2 (91% ovigery) on 11 November,
and to only 1 m2 (13% ovigery) on 6 December.

The percent ovigery during mid-June 1999 (14%) was lower than the range
observed during mid-June 1995-98 (20-62%) and much lower than observed in mid-June
1989-954 (71—98%). Lower ovigerity early in the year reflects the slower maturation rates
resulting from the lo;ver spring algal levels during this period of meromixis. During the
previous meromictic years (1984-88) the female population was also slow to attain high
levels of ovigery due to lower algal levels. During July 1999, percent ovigery (62%) was
similar to the same time period in 1996 and 1998 (60 and 63%, respectively) and lower
than the range observed during July 1991-95 and 1997 (72-92%). During August 1999,
percent ovigery (83%) was within the range observed in August 1991-98 (67-93%). In

| September the percent ovigery (99%) had peaked and was greater than the range observed
during September 1990-98 (85-97%). By October the percent ovigery (98%) was within
the range observed during that month in previous years. During summer and autumﬁ,
female reproductive characteristics followed a pattern similar to other years, though
delayed by about a month, with percent ovigery generally increasing from June to
September—October (14 to 99%) (Fig. 2.15, Table 2.11).

Ovoviviparity in first generation adult females was at its spring peak (8%) on 15
June when percent ovigery was-low (14%), but brood size was at its annual maximum (48
eggs brood-!, Fig. 2.15, Tables 2.11-12). Most females switched to oviparous
reproduction by 15 July and the percent 6voviviparity remained low (0—1%) throughout

the rest of the year (Fig. 2.15, Table 2.11). The peak in percent ovoviviparity in 1999 was
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at the lower end of the range observed during 1990-98, when the peak in percent
ovoviviparity ranged from 7-70%.

The mean female length ranged from 10.0 to 10.7 mm in 1999 (Table 2.12),
somewhat longer than in 1997 (9.9-10.4 mm) and 1998 (9.6—-10.3 mm), but similar to
1996 (10.1-10.7 mm). The mean female length decreased from 10.3 mm in June to 10.0
mm in July and August, indicating the maturation of a component of smaller female adults
between the June and July surveys. Mean female length increased to 10.3 mm in
September and reached the annual maximurh length (10.7 mm) in October. The maximum
female length observed in 1999 was at the top end of the range of maximums observed in
1996-98 (A10.3—10.7 mm), but was significantly shorter than the maximum mean female
lengths measured in previous years 1987-95 (11.6 to 13.7 mm). Shorter lengths of fecund
females in 1996-99 reflect lower ambient food (phytoplankton) concentrations during
those summers. |

Mean brood sizes in 1999 ranged from 27 to 48 eggs brood! (Fig. 2.15, Table
2.12) which were within the ranges observed in 1996-98 (22-53 eggs brood!). The
‘maximum brood size (48 eggs brood-!) was within the range of maximums observed
1995-98 (62; 53,33, and 50 eggs brood-!, respectively), but significantly smaller than was
observed in 1987-94 (8 1;156 eggs brood-1). Asin 199798, the largest mean brood size
was observed in June as the first generétion of Arteﬁia matured. Smaller brood sizes in
1§96—99 resulted from the reduced algal mass during this period of meromixis.

Year to year variation in climate, hydrological conditions, vertical stratiﬁcation, .
food availability, and possibly salinity have led to significant differences in the seasonal
Artemia dynamics. During years when the first generation was small due to reduced
hatching, high mortality, or delayed development, (1981, 1982, and 1989) the second
generation peak of adults was 2-3 times the long term average (Fig. 2. 16). However, in
most years the seasonal peaks of adult abundance were similar and the seasonal (1 May to

November 30) mean of adult abundance is remarkably constant among all years except
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1981, 1982, and 1989 (Fig. 2.17). During most years, the seasonal distribution of adult
abundance was nearly normal or lognormal. However, in several years the seasonal
abundance was not described well by either of these distributions and therefore the
abundance-weighted centroid of temporal occurrence was calculated to corﬁpare overall
seasonal shifts in abundance. The center of the temporal distribution of adults varied from
day 190 (9 July) to 253 (10 September) from 1979 to 1998 (Fig. 2.18). During 1999, the
center of the distribution was on day 225, almost identical to 1998 (day 226), and very
close to the long-term mean of day 222. This centroid is three weeks later fhan the center
of temporal distribution in 1997 (day 204) and 8-15 days later than in 1992-96.
Interaction Among Nutrients, Phytoplankton, and Artemia

Primary production in Mono Lake is limited by nitrogen availability (Jellison and
Melack 1993). Because external inputs of nitrogen are low, sustained high levels of '
primary productivity are dependent on internal recycling of nitrogen. Internal recycling
takes place on several different spatial and temporal scales. Under monomictic conditions, |
ammonium, which has accumulated in the hypolimnion due to bacterial remineralization of
detrital material, is mixed throughout the water column during winter holomixis. Thus,
the euphotic zone is replenished with nutrients on an annual basis. During monomictic
conditions, ammonium concentrations within the euphotic zone are highest immediately
following autumn overturn and during the winter. ‘The onset of then'nai s.fratiﬁcation.in
spring limits the vertical fluxes of nitrogen and as phytoplankton populations increase they
usually deplefe the available ﬁitrogen to <1 uM. As the first generation of Artemia mature
during April and May, they covert particulate nitrogen in the form of bhytoplankton to
ammonium via grazing and excretion, and ammonium concentrations increase to non-
limiting concentfations (>S5 uM). Thus by increasing sui)ply through excretion and
limiting demand by reducing algal populations, Arfemia relieve nutrient limitation.
However, they also export a significant amount of nitrogen to the hypolimnion via rapidly

sinking fecal pellets and ammonium concentrations decline through the summer. In
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autumn, deepening of the mixed léyer accompanying seasonal cooling entrains nutrients
accumulated in the hypolimnion and, as the Artemia population declines, an algal bloom
occurs. This general pattern was observed during the 5-yr period of monomixis, 1990-94.
During episodes of meromixis following high runoff years, chemical stratification
modifies this seasonal pattern. Rapid lake level rise in 1995 resulted in chemical
stratification early in the year and ammonium and chlorophyll a concentrations Wére
reduced compared to monomictic years (e.g. 1994, Fig. 2.19). Continually rising lake
levels throughout the rest of 1995 and into 1996 prevented winter holomixis and thus
initiated meromixis. Because the mixolimnion deepened only marginally during autumn
cooling, winter holomixis was prevented and the autumn phytoplankton bloom and winter
increase in ammonium conceﬁtrations within the euphotic zone were absent. Under
continuing meromictic conditions, mixolimnetic ammonium and chlorophyll concentrations
were reduced in 1996 through 1999 (Fig 2.19). However, a prominent increase in
- chlorophyll was observed in December 1999 and may indicate a lessening of the effects of )

meromixis similar to that observed in the 1980s episode of meromixis. -

2.24



References

Dana, G. L. 1981. Comparative population ecology of the brine shrimp Arfemia. Master
thesis. San Francisco State Univ.

Golterman, H. L. 1969. [ed.] Methods for chemical analysis of fresh waters.
International Biological Program Handbook. No. 8. Blackwell Scientific
Publications, Oxford. 166p. :

Heath, H. 1924. The external development of certain phyllopods. J. Morphol. 38: 453—
83.

Jelhson 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. 1989. Phytoplankton and brine shrimp
dynamics in Mono Lake, Cahfomla 1988 Final Report to LADWP.

Jellison, R. and J. M. Melack. 1993. Algal photosynthetic activity and its response to
meromixis in hypersaline Mono Lake, California. Limnol. Oceanogr. 38: 818-837.

Jellison, R., Romero, J., J. M. Melack, and D. Heil. 1994. Mixing and plankton dynamics
in Mono Lake, California. 1992 Annual Report to LADWP.

Jellison, R., Romero, J., J. M. Melack, D. Heil, and G. L. Dana. 1995. Mixing and
plankton dynamics in Mono Lake, California. 1993-94 Final Report to LADWP.
248 p.

Jellison, R., J. Romero, and J. M. Melack. 1998. The onset of meromixis durmg
restoration of Mono Lake, California: unintended consequences of reducing water
~ diversions. Limnol. Oceanogr. 43:706-711.

Strickland, J. D. and T. R. Parsons. 1972. Apractlcal handbook of seawater analysls
Bull. Fish, Res. Bd. Can. 167p.

Walker, K. F., W. D. Williams, and U. T. Hammer. 1970. The Miller method for oxygen
determination applied to saline lakes. Limnol. Oceanogr. 15:814-815.

225



. Table 2.1. Temperature at Station $-30, 1999 (°C)

Dates
Depth (m) 2-19 . 3-18 4-15 5-12 6-15 7-15 8-18 9-23 10-20 11-11 12-6
1 2.47 5.09 6.31 11.93 15.73 20.63 18.32 17.93 14.76 11.89 7.47
2 2.28 4.99 6.82 . 11.96 15.68 20.82 18.58. 17.95 14.75 11.81 7.44
3 2.21 4.58 6.83 11.84 15.59 20.92 18.60 17.95 14.77 11.79 7.43
4 2.15 4.37 5.75 11.27 15.56 20.96 18.59 17.95 16.77 11.80 7.45
5 2.10 4.16 5.32 10.67 15.53 21.01 18.53 17.95 14.78 11.81 7.46
) 2.08 4.20 4.93 10.13 15.55 20.93 18.51 17.95 14.78 11.79 7.46
7 2.07 4.10 4.63 - 9.24 14.80 20.75 18.50 18.00 14.83 11.75  7.46
8 2.07 3.98 4.60 8.72 14.57 20.28 18.50 18.25 14.87 1.77 7.46
9 2.07 3.87 4.53 8.05 13.97 19.69 18.52 18.38 14.88 11.82 7.64
10 2.07 3.86 4.52 7.80 13.22 18.45 18.54 18.27 14.99 11.74 7.44
11 2.07 3.82 4.60 7.39 12.70 16.90 18.70 18.00 15.09 11.76 7.43
12 2.09 3.80 4.57 7.20 10.35 13.89  18.08 17.86 15.06 1.77 7.42
13 2.12 3.76 4.61 6.87 8.63 10.12 16.13 17.18 15.03 1.77 7.36
14 2.10 3.70 .61 6.51 7.68 9.07 13.25 15.43 15.01 11.73 7.33
“15 2.08 3.62 4.65 6.05 7.02 8.55 10.85 11.93 14.68 11.66 7.30
16 2.08 3.55 4.61 5.63 6.41 8.00 9.10 9.77 13.65 11.61 7.29
17 2.10 3.44 4.55 5.39 5.94 7.25 7.99 8.61 10.23 11.48 7.28
18 2.17 3.33 4.53 5.14 5.90 6.91 7.45 8.15 8.97 11.03 . 7.27
19 3.74 3.33 4.49 4.98 5.75 6.54 7.20 7.55 7.82 9.44 7.25
20 4.87 4.15 4.44 4.82 5.51 6.19 6.65 7-11 7.02 7.7 7.16
21 5.02 4.72 4.54 4.70 5.18 5.68 5.97 6.22 6.35 6.41 6.84
22 5.07 4.91 4.82 4.78 4.89 5.12 5.36 5.56 5.63 5.73 6.19
23 5.07 4.98 4.93 4.9 4.90 4.98 5.06 5.20 5.27 5.30 5.59 °
24 5.03 4.99 4.97 4.96 4.92 4.93 4.97 5.08 5.09 5.14 5.28
25 4.96 4.97 4.96 4.97 4.94 4.95 4.97 5.00 5.02 5.04 5.15
26 4.93 4.95 4.95 4.97 4.94 4.98 4.96 4.96 4.98 4.98 5.04
27 4.93 4.93 4.94 4.96 4.93 4.95 4.96 4.96 4.97 4.96 5.01
28 4.92 4.92 4.93 4.96 4.93 4.96 4.97 4.96 4.95 4.96 4.98
29 4.9 4.91 4.93 4.95 4.93 4.96 4.95 .94 4.95 4.95 4.97
30 4.90 4.90 4.92 4.95 4.93 4.96 4.96 6.94 4.94 4.94 4.96
31 4.90 4.90 4.92 4.95 4.94 4.94 4.97 4.93 4.94 4.93 4.95
32 4.89 4.89 -4.92 4.94 4.93 4.94 4.95 4.94 4.93 4.93 4.95
33 4.89 4.89 4.92 4.93 4.92 4.93 4.98 4.93 4.93 4.93 4.94
34 - - - - - 4.92 4.94 4.92 4.93 4,93 - 4.93
35 - - - - - 4.96 4.98 4.93 4.92 4.93 4.93
36 - - - - - - - .93 4.94 4.92 4.92
37 - - - - - - - 4.92 - 4.92 . -

2.26



‘ Table 2.2. Conductivity (mS/cm at 25°C) at Station S-30', 1999

. Dates
Depth (m) 2-19 3-18 4-15 5-12 6-15 7-15 8-18 9-23 10-20 11-11 12-6
1 77.43 77.09 77.28 77.31 76.68 76.57 77.14 77.31 78.07 78.35 78.62
2 77.53 77.43 77.52 77.30 76.97 76.80 77.48 77.61 78.08 78.35 78.68
3 77.55 77.27 77.59 77.35 77.02 76.86 77.48 77.61 78.09 78.38 78.71
4 77.56 77.35 77.50 77.40 77.03 76.90 77.48 77.61 78.09 78.40 78.74
S 77.56 77.44 77.59 77.52 77.03 76.93 77.49 77.62 78.10 78.41 78.74
6 77.57 77.56 77.57 77.42 77.23 76.95 77.50 77.62 78.11 78.42 78.74
7 77.58 77.55 77.57 77.43 77.29 77.10 77.51 77.65 78.17 78.42 78.76
8 77.58 77.60 77.62 77.46 77.40 77.09 77.51 77.87 78.17 78.45 78.76
9 77.58 77.60 77.63 77.46 77.40 77.08 77.54 77.95 78.19 78.47 78.76
10 77.58 77.63 77.65 77.51 77.36 76.93 77.59 77.93 78.41 78.45 78.77
11 77.58 77.62 77.69 77.50 77.46 76.96 77.73 77.93 78.43 78.46 78.78
12 77.62 77.63 77.68 77.64 77.05 76.96 77.53 77.92 78.43 78.47 78.77
13 77.63 77.63 77.72 77.59 77.49 77.09 77.43 77.75 78.44 78.49 78.77
14 77.62 77.63 77.72 77.59 77.58 77.54 77.22 77.66 78.46 78.49 78.78
15 77.63 77.64 77.75 77.58 ~ 77.66 77.69 77.22 77.45 78.45 78.49 78.79
16 77.64 77.72 77.72 77.67 77.81 77.87 77.59 77.61 78.24 78.51 78.80
17 77.66 77.74 77.75 77.73 78.07 78.02 77.82 77.95 78.03 78.59 78.81
18 77.69 77.76 77.78 77.88 78.42 78.31 78.38 78.35 78.22 78.70 78.82
19 82.33 78.34 77.97 78.20 78.64 78.74 78.81 78.79 78.83 - 78.67 78.82
20 84.35 83.61 81.62 81.49 79.54 79.41 79.57 79.41 79.83 79.30 78.82
‘ 21 85.09 84.95 84.59 84.37 83.72 82.92 83.13 82.98 83.05 83.39 82.28
22 85.40 85.88 85.80 85.67 86.06 85.47 85.28 85.34 85,40 85.44 85.00
23 86.22 86.54 86.43 86.41 86.47 86.23 86.20 86.08 86.13 86.18 85.77
24 86.79 86.91 86.74 86.64 86.69 86.72 86.61 86.33 86.46 86.53 86.29
25 87.16 87.16 86.94 86.86 86.90 86.92 86.80 86.66 86.75  86.79 86.58
26 87.33 87.31 87.13 87.03 87.04 87.09 86.90 86.93 86.91 87.04 86.81
27 87.37 87.42 87.25 87.14 87.19 87.23 86.99 87.04 87.04 87.18 86.95
28 87.43 87.51 87.31 87.20 87.29 87.25 87.04 87.11 87.13 87.26 87.08
29 87.50 87.58 87.35 87.26 87.36 87.34 87.12 87.20 87.19 87.30 87.15
30 87.53 87.64 87.40 87.30 87.39 87.40 . 87.17 87.25 87.25 87.37 87.20
31 87.54 8_7.69 87.43 87.35 87.44 87.49 87.22 87.30 87.30 87.41 87.24
.32 87.61 87.71 87.45 87.39 87.50 87.52 87.27 87.33 87.34 87.42 87.28
33 87.65 87.77 87.47 87.43 87.56 -87.55 87.27 87.36 87.36 87.44 87.31
35 - - - - - 87.57 87.38 87.40 87.37 87.45 87.34
36 - - - - - 87.52 87.48  87.40 87.38 87.42 87.36
37 - - - - - - - 87.42 87.38 87.49 87.38
- - - - - - - 87.47 - 87.50 -
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‘ Table 2.3. Density (g/cm3) at Station S-30, 1999

Dates
5-12 6-15 7-15 8-18 9-23 10-20 11-11 12-6

0
w
1
-
[+-]
~
L]
—
[V

Depth (m) 2-1

1 1.0666 1.0657 1.0657 1.0646 1.0629 1.0612 1.0626 1.0629 1.0647 1.0658 1.0670
2 1.0666 1.0661 1.0659 1.0646 1.0632 1.0614 1.0629 1.0632 1.0647 1.0658 1.0671
3 1.0666 1.0659 1.0659 1.0646 1.0633 1.0614 1.0629 1.0632 1.0647 1.0658 1.0671
4 1.0666 1.0661 1.0660 1.0648  1.0633 1.0615 1.0629. 1.0632 1.0647 1.0658 1.0671
5 1.0666 1.0662 1.0662 1.0651 1.0633 1.0615 1.0629 1.0633 1.0647 1.0658 1.0671
6 1.0666 1.0663 1.0662 1.0651 1.0635 1.