TAHOE KEYS PROPERTY OWNERS ASSOCIATION

TAHOE KEYS LAGOONS AQUATIC WEED
CONTROL METHODS TEST

DRAFT FINAL REPORT

Lake Tallac West Lagoon™ i
25 acres 115 acres

. - e
s - . =
= S g g -
=R 2
/ - 8 e
21 N L
» . Y >

PREPARED PURSUANT TO

CALIFORNIA REGIONAL WATER TAHOE REGIONAL PLANNING
QUALITY CONTROL BOARD AGENCY
LAHONTAN REGION
FILE NO: EIPC2018-0011
ORDER NO. R6T-2022-0004 PROJECT NUMBER: 510-101-00
NPDES NO. CA6202201
WDID NO. 6A091701001

APRIL 2025

ADMINISTRATIVE WORKING DRAFT




TAHOE KEYS PROPERTY OWNERS ASSOCIATION

TAHOE KEYS LAGOONS AQUATIC WEED
CONTROL METHODS TEST

ADMINISTRATIVE WORKING DRAFT
DRAFT FINAL REPORT

APRIL 2025

Prepared for
Tahoe Keys Property Owners Association

Airhoe Keys

PROPERTY OWNERS ASSOCIATION

u Bout.wuo SOUTH LAXE TAHOE CA O
-8444 TAHOEXEYSPOA.COM

Prepared by
Dr. Lars Anderson

In association with
Sierra Ecosystem Associates

@fu\ t‘; b

Sierra Ecosystem

Associates
2311 Lake Tahoe Blvd., Ste. 8
South Lake Tahoe, CA 96150



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed

Control Methods Test

TABLE OF CONTENTS

1.0 EXECUTIVE SUMMARY ...ttt sttt e e e ettt e e e e e e ee ettt s e e e e e e e eean e e e e e e 1
1.1 BaCKGIOUNG ...t 2

1.2 CMT Development and GOaIS .......coocviiieiiiiiieeiiiie e 2

1.3 Methods and Implementation  ..........ccoooiiiiiieiee e 3

1.4 Monitoring and Evaluation of CMT Methods Effectiveness  ......ccccceeeeiiiinnnne, 4

15 RESUIS OF CIMT .t e e e e e e s e e e e e e e s e anneeereeeas 5

1.6 Climatic Environmental ConditionNS  ....oooiiiiiiiieee e 6

1.7 Herbicide Movement and LEVEIS ..o 7

1.8 Nutrients and Water QUAIILY  .......oooiiiiiiiiiiie e 7

19 Effectiveness of CMT MethOUS  .....cviviiiiiieee e 8

1.9.1 Group AMELNOUS. ...t 8

1.9.2 Group B MethOUS.......cocuuiiiiiiiiiie et 10

1.10 Implications of CMT Results for Management of AIP ..o 11

2.0 INTRODUGCTION ...ttt ettt e st e e s e et e e s e bt et e e e nnbe e e e e e eneeeeeaas 13
2.1 Aquatic Invasive Plants (AIP) in the Tahoe Keys Lagoons  ........ccccecevvveeee.n. 13

2.2 Current Tahoe Keys AIP Containment and Management  ..........cccocvceeeeeeenn, 13

3.0 CMT DESIGN GOALS, OBJECTIVES, AND IMPLEMENTATION ....ccoociieeiiiieee e 16
3.1 Summary of CMT Design ODBJECtIVES  .......ciiiiiiiiieeee e 17

3.2 GroUp A MELNOUS ... e e 18

3.3 Group B (Non -Herbicide) Follow -up Methods ..........cccccoeeiiiiiieiiiiiiiee e 21

3.4 Mitigation Designs and ACLIONS  ....coooeiiiiiiieiee e 22

3.5 Ensuring Objective and Reliable Data Collection and Analysis  .................. 23

3.6 Implementation of CMT Methods ..., 24

3.6.1 Group A Herbicide Applications and Mitigations..........cccccvveveveveveeerenennen. 24

3.6.2 Group A UVC, LFA, and Group B Spot-UV Treatments........cccccceveeeeeee. 27

3.6.3 Group B DASH Implementation..........ccccccceveveiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 28

3.6.4 Bottom Barrier Implementation...........c.cuvivviieieiiieiiieeiiieeieeeeeeeeeeeeeeeeeeeeeeeees 29

3.7 Summary of CMT Methods Implementation  .........ccccooiiiee e 31

4.0 MONITORING PROGRAM..... ..ttt e st et a e attea e e s sntaee e e asnsaeeeeanaeaeeaanseeeeaans 35
4.1 Herbicide and Herbicide Degradants (Endothall and Triclopyr)  .....cccceeieeee. 36

4.2 Water Quality MONITOIING  ..o..eviieeiiieieeeiie e 36

Draft Final Report Administrative Working Draft 04/30/2025

Page i



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed

Control Methods Test

4.3 LFA/Bottom OrganiC MaterialS .......cccccciciiiuiiiiiiiiiiie e nnnnnes 36

4.4 Macrophyte (AIP) Abundance and Species Occurrence Monitoring — ............ 37

4.4.1 RaAKE SAMPIING....uiiiiiiiiiiiiiiiii et 37

4.4.2 HydroaCOUSHC SCANMING ......uvviiiiiiiieeiiiiee et e s enreee e 38

4.4.3 Combining Rake Sampling and Hydroacoustic Scans............cccccoecveeenne 38

5.0 RESULTS OF PERMIT COMPLIANCE MONITORING ......coiiiiiiiiiecicec e 43
5.1 Year 1 Herbicide Levels and MOVEMENE  .......ccovieiieeeiiiieeeec e 43

5.2 Water Quality Response to Herbicide Applications ..., 43

5.3 Nutrient Responses to Herbicide Applications ..., 53

54 Water Quality Responses to UVC TreatmentS  ....eevveeeviiiiiiiieeeee e 54

55 Nutrient Responses to UVC TreatMentS  ......ccccccccciiiuennnnnnnininnnnnnnnnnnnnnnnnnnnnes 57

5.6 Water Quality Responses to LFA TreatmentsS  .....ccccooviiieiiiiie e 59

5.7 Biological ReSIOration StatUS  ......cceevieiiiiiie i 61

5.7.1  PIANtS (NALVE) ....oeiiiiiiiiieiiiiiiee et ee e 61

5.7.2 Water QUAIITY .....ooeeiiiiiiiieee et 62

5.7.3 Benthic Macroinvertebrates (BMI) ..........ocoiiiiiiiiiiiieeiieee e 62

6.0 RESULTS OF CMT METHODS ON AIP CONTROL ....cooviiiiiii e 63
6.1 Rake Sampling Data ......c..coooiiiiiiiiiiiiie e 63

6.2 Results of CMT Group A Methods: West Lagoon Sites  ......oooiiciieeeeeeeececinns 64

6.2.1 AIP Reduction in Herbicide Only, UVC Only, Herbicide/UVC Combination,

and LFA MethodsS. ..o 64

6.2.2 Laminar Flow Aeration (LFA)........cccccciiii 65

6.2.3 Species-Specific Responses to Group A Methods - Herbicides Only ..... 66

6.2.4 Species-Specific Responses to Group A UVC Only Methods................. 69

6.2.5 Species-Specific Responses to Group A Endothall/UVC Combination... 69

6.2.6 Species-Specific Responses to Group A Triclopyr/UVC Combination.... 70

6.2.7 Hydroacoustic Monitoring RESUILS .........cceveviiiiiiiceeeeee e 71

6.2.8 SPECIES BIOVOIUME ...ocooiiiieee e 73

6.2.9 Vessel HUll CIEAranCe .........coocuiiiiiiiiiiie e 75

7.0 LAKE TALLAC: CMT GROUP A METHODS .....ooiiiiiiiiee ettt 82
7.1 Effect of Endothall on Water Quality  .......ccccooiiiiiii e 82

7.2 Efficacy of Endothall Application in Lake Tallac ~ ....ccccceeeieiiiieee e 82

8.0 LAMINAR FLOW AERATION (LFA) oottt e e e e e s entnaaee e e e e e 84
Draft Final Report Administrative Working Draft 04/30/2025

Page ii



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed

Control Methods Test

8.1 Effects of LFA ON AIP oo 84
8.2 Effects of LFA on Organic Matter  .........ccciiiiiiieeeieeee e 84
9.0 GROUP B RESULTS (DASH, SPOT -UV, AND BB TREATMENTS) ....ccoevveeviiiiiiiiennn. 85
9.1 DASH and Spot -UV TreatMeNntS .........ccoiiuiiiiiiiiiee it 85
9.2 BOttOM BAITIEIS ...uuiiiiiiiiiiiiiit bbb bbb e aaaaaaaaasasasasasasasnsnsnnns 86
9.3 Post -Barrier Removal Sequential Treatments  .......cccccceeeeeeiiiiiiiieeeeeee e 86
10.0 SUMMARY AND CONCLUSIONS .....ccoiiiiieiiiiiee it e e e e 87
10.1 Were the goals and objectives of the CMT accomplished?  .........ccccccinnnnns 87
10.2 Effectiveness of CMT Methods 1 AIP Abundance, Vessel Hull Clearance,
and Desirable Native Plant Abundance .........ccccccviioiiiiiie e 87
10.2.1 Group A MEENOGAS......coiiuiiiieiiiee et 87
10.2.2 Group B MEthOUS.......couiiiieiiiiie et 88
10.3 Monitoring and Environmental Reponses to CMT Methods — ........ccccoeviiieeens 88
10.4 Environmental Conditions Affecting the CMT Projectand AIP ... 89
10.4.1 STOIM EVENTS... oo e e et e e e e e e eaeens 89
10.4.2 Continued Deployment of Turbidity Curtains .........ccccceovvvviieviee e, 90
10.4.3 Lagoon Water LEVEIS.........uuiiiiiiiiciieieeee ettt e e e 90
11.0 IMPLICATIONS OF CMT RESULTS FOR AIP MANAGEMENT .....cccooviviiiiiiiieeee. 91
11,1 WALEE LEVEI ettt et e e et e e e e nreeeeeas 91
11.2 The Curlyleaf Pondweed Threat ... 94
11.2.1 Growth and DISPErSal ........cccccuuuumuiuiuiiiiiiii e 94
11.2.2 Life Cycle and ReproduCtion ............c.uueeiiiieiiiiiiiiiiiieeee e 94
11.2.3 Turions Produced Per ACIe ........occcuuuiiieiiee ettt 96
11.3  The Coontail TAF@AL .........eoiiiiiiiiiiie e 97
11.4  AIP Fragment TRIEALS ........uuuuuuuuuuumimiiiiiiiiiiniiiuinnnnnnnnnnnnnnnnnnnrnnnnnnnnanannanannnana—————. 97
11.5 CMT CoSt IMPLCALIONS  ..eeeiiiiiei it e e e e e e e e eeeraeeeeeaeeeens 97
12.0 CMT MANAGEMENT IMPLICATIONS ....ooiiiiitiiee ettt snree e e e 101
13.0 ACKNOWLEDGEMENTS ...ttt sttt e e e e e e e s e naae e e s snraaeeean 108
14.0 REFERENCES ... .ottt ettt e e et e e s st e e e s b e e e e s nbneeeeans 111
Draft Final Report Administrative Working Draft 04/30/2025

Page iii



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

List of Figures

Figure 1-1. Effectiveness of UVC Only Method. ... 8
Figure 1-2. Effectiveness of Endothall Only and in Combination with UVC. .............cccoociveininen. 9
Figure 1-3. Effectiveness of Triclopyr Only and in Combination with UVC. ..........ccccccoviiinennnne 10
Figure 1-4. Effectiveness of Group B methods ..........cccuvioiiiiiiiiiiiii e 11

Figure 2-1. Overview of the Tahoe Keys Lagoons and CMT Project areas: The circles show the
general locations within the West Lagoon and Lake Tallac where the CMT methods occurred. 14

Figure 2-2. Historic annual harvest yield trends of AIP in the Tahoe Keys lagoons. .................. 15

Figure 2-3. Ten-year trend in Curlyleaf pondweed frequency occurrence in the Tahoe Keys
lagoons. (Note Curlyleaf pondweed was first detected in 2003.) .......ccvvveeviiiciiiiiieeeeee e 15

Figure 3-1. Summary of the year-by-year actions and objectives of the CMT. .........c.cccvvveenee 18

Figure 3-2. Design for implementing CMT Group A methods in West Lagoon CMT sites. (a)
Herbicide applications to entire site (Year 1 only); (b) Combination methods: Herbicide
applications in near-shore zones only in Year 1, and UVC treatments in mid-channels Years 2
and 3; (¢) UVC Only in mid-channels (Years 1, 2 and 3);(d) LFA in mid-channel sections of sites
(Years 1, 2 and 3) (See Figure 3-5 for locations of the Group A methods.).............................L. 19

Figure 3-3. Example (aerial view) of CMT Combination site: UVC was used in mid-channel area
(Years 2 and 3); Endothall or Triclopyr was applied to the near-shore zone area in 2022......... 20

Figure 3-4. Boating restricted areas (A, B, C) during deployment of turbidity curtains. Note: At
Sites 1, 3, 13, and 14, culvert plugs were installed to prevent water movement in or out of the
Sites into untreated areas or toward Lake Tahoe. .........ccceiiiiiiiieiiiiiie e 26

Figure 3-5. Site Locations of Group A Methods: Herbicides, UVC Only, LFA, and untreated
(Y (S CET A =T O] 1 (0] BT L (T 27

Figure 3-6. Example of UVC Treatment areas; (a) UVC Only (Site 22), (b) Spot-UV treatment
(Sitel), (c) UVC Combination (Site 13). Note that the near-shore zone areas did not receive UVC
LUESE= U0 0T 01 TP TP RPN 28

Figure 3-7. CMT Group B areas in Year 2 (2023). Note the map also shows Year 1 (2022)
Herbicide applications sites and UVC ONlY SiteS ........ccuuvieiiieiiiiiiiiee e 30

Figure 3-8. CMT Group B areas in Year 3 (2024). Note the map also shows Year 1 (2022)
Herbicide applications sites and UVC ONlY SItES ........ccuuvieiiiiiiiiiiieeiee e 31

Figure 4-1. CMT monitoring station locations for Year 1 Group A Sites (Herbicides, UVC Only and
LFA). Yellow dots indicate water quality monitoring stations. Red dots are nutrient sampling
stations. The double yellow/red line indicates double turbidity curtains. ...........cccccoiiveiiiiinneenn. 35

Figure 4-2. Depiction of macrophyte survey rake sampling in near-shore zone and mid-channel
2L CT= L T PP PPPPPPPPPPP 38

Draft Final Report Administrative Working Draft 04/30/2025
Page iv



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

Figure 4-3. Example of heat map generated from hydroacoustic scan in September 2022. Areas
green (large white dashed boundaries) = very low AIP abundance. Areas in Red (small white
dashed boundaries=very high AIP abundance). Yellow areas (black dashed boundary) have
intermediate AIP @bUNUANCE. .........uuiiiiiee e e e e e s e e e e e s et anseeeeas 39

Figure 5-1. Year 1 turbidity in Endothall Only (left) and Endothall/UVC Combination sites (right).
Blue open circles are untreated CONtrol SITES. ......cciiiiiiiiieiie e e 45

Figure 5-2. Year 1 turbidity in Triclopyr Only (left) and Triclopyr/UVC Combination sites (right).

Blue open circles are untreated CONtrol SItES. .........curiiiiiiiiii e 45
Figure 5-3. Turbidity in untreated Control sites during the CMT. .......cccooeiiiiiiiiiiie e 46
Figure 5-4. Turbidity in Endothall Only sites (left) and Endothall Combination sites (right) during
1L =3 O3 1 I PR UPR PSPPI 47
Figure 5-5. Turbidity in Triclopyr Only sies (left) and Triclopyr Combination sites (right) during the
(31 TSR TPRPPPOPPPTR 48
Figure 5-6. Conductivity in untreated Control sites duringthe CMT...........ccocciieieee i, 49

Figure 5-7. Conductivity in Endothall Only (left) and Triclopyr Combination sites (right) during the

Figure 5-8. DO during the CMT in untreated Control sites: Left= near surface; Right=near bottom.
Horizontal black [ine ShowS 5 MQ/L 1EVEL ... 50

Figure 5-9. DO during the CMT in Endothall Only sites: Left=near surface; Right= near bottom.
Horizontal black [iNne ShowS 5 MQ/L IEVEL.......cooiiiiiiii e 51

Figure 5-10. DO during the CMT in Triclopyr Only sites: Left = near surface; Right= near bottom.
Horizontal black lin@ ShOWS 5 MQ/L IEVEL........eeeiiiiiiieee e 51

Figure 5-11. Water temperature in untreated Control sites during the CMT: Left= near surface;
Right= near bottom. Note sustain temperatures above 20 C in Augustin Year 1. .......cccccccuunnene 52

Figure 5-12. Nutrient Levels during the CMT in Endothall Only sites (red bars) Compared to
Untreated Control sites (blue bars): (a) TP;(b) TN; (c) OP. Arrows show incidences of elevated
NUEIENE IEVEIS. ..., 53

Figure 5-13. Nutrient levels during the CMT in Triclopyr Only sites (green bars) Compared to
Untreated Control sites (blue bars): (a) TP;(b) TN; (c) OP. Arrows show incidences of elevated
NUETIENTS IEVEIS. ...t e e e e e e e bt e e e s e nte e e e e annbeaeeennbeeeeans 54

Figure 5-14. Turbidity (left graph) and conductivity (right graph) during the CMT in UVC Only sites.
....................................................................................................................................................... 55

Figure 5-15. DO during the CMT in UVC Only sites: bottom of the water column (left) top of the
Water COIUMIN (FIGNT). ..eeeiieiiii e e e e e e et e e e s anne e e e e nnnes 55

Figure 5-16. Water temperatures during the CMT in UVC Only sites: bottom of the water column
(left) and top of the water column (Fight). .......ovveiiiee e 56

Draft Final Report Administrative Working Draft 04/30/2025
Page v



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

Figure 5-17. OP in UVC Only sites 22 and 24 CMT Years 1,2,3......cccccccciurmmmmmmnrnnnnnnnnnnnnnnnnnnnnnnns 57
Figure 5-18. TN in UVC Only sites 22 and 24 CMT Years 1,2,3. .....ocorviieiiiiiciiiieeeee e 57
Figure 5-19. TP in UVC Only sites 22 and 24 in CMT Years 1, 2, 3. ..ooooeeviiiciiiiieee e 58

Figure 5-20. TP in Spot-UV treatments Year 2 (2023) and Year 3 (2024) at Site 5 (a) and Site 26
(b). Arrows show sampling dates with elevated TP. ... 58

Figure 5-21. Turbidity (left graph) and conductivity (right graph) in LFA Sites during the CMT.. 60

Figure 5-22. Average DO during the CMT in LFA Site 26 . Note anomalies in DO during Year 1.
These highly variable DO values in bottom areas were observed in most of the Year 1 CMT sites
INCIUAING the CONTIOI SIES.....co et e e e e e et ee e e e e e e e e nnnneeeeeas 61

Figure 6-1. Example of Arrow Gradient Summaries representing CMT method effectiveness in
VL= LS00 R 64

Figure 6-2. (a) Effectiveness of CMT Group A methods on all AIP: Herbicide (entire site), UVC
only (mid-channel only), and LFA (mid-channels); (b) Effectiveness of Combination sites with
near-shore zone application of herbicides (Year 1 only), and UVC treatments in mid-channel
areas in Years 2 and 3. Note that Triclopyr does not control Coontail, a major component of AlP.

....................................................................................................................................................... 66
Figure 6-3. Effectiveness of Group A entire-site Endothall applications on AIP species............ 68
Figure 6-4. Effectiveness of Group A entire-site Triclopyr applications on AIP species. ............ 68
Figure 6-5. Effectiveness of UVC Only treatments. (near-shore zones were not treated).......... 69

Figure 6-6. Efficacy of Combination Endothall (Year 1, near-shore zone only) and UVC (Years 2,
) RS TPRTRRTR 70

Figure 6-7. Efficacy of Combination Triclopyr (Year 1, near-shore zone only) and UVC (Years 2,
) RS UPRSTSRSTR 71

Figure 6-8. Heat maps showing abundance (Biovolume) of AIP in Years 1, 2 and 3: Late Spring,
Early SUMMEr, and SUMIMET. ......eiiiiiiee et e e e e et r e e e e e e e e e s e st e e e e e e e e e aanneeaneeeeeas 72

Figure 6-9. Effects of one-time application Triclopyr on AIP species biovolume. Dashed line shows
75% reduction compared With CONIIOl SIES. .......coiiiiiiiiiiie e 74

Figure 6-10. Effects of one-time application Endothall on AIP species biovolume. Dashed line
shows 75% reduction compared with Control SiteS. .........ccccvvviieiiee e 74

Figure 6-11. Reduction in biovolume of AIP species following UVC Only Treatments. Dashed line
shows 75% reduction compared with CONtrol SItES. ......cvviviiiiiiiiiiiiicicceccceeeeeeeeeeeeeee e 75

Figure 6-12. VHC in Control Site 17 in Year 1. The solid dark area represents the AIP profile . 76
Figure 6-13. VHC in Control Sit€ 16 iN YEAI 2. .....ooiiiiiiiieiiiiiee ettt 76

Draft Final Report Administrative Working Draft 04/30/2025
Page vi



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

Figure 6-14. VHC in Control Site 17 iN YEAN 3. ......uuiiuiniiiririnininnnnnnannsnnnnnnnsnnnsnnnnnnns e 77
Figure 6-15. VHC in Endothall Only Site 1in YEar L. ......occv i 78
Figure 6-16. VHC in Triclopyr Only Sit€ 8 IN YEAr L. ......ccoiiiiiiiiiiiiee e 78
Figure 6-17. VHC in UVC Only Sit€ 22 iN YEAI L....ccoiuiiiiiiiiiiee et 79
Figure 6-18. VHC in LFA Sit€ 251N YEAI L. ..eoiiiiiiiiiiiiiii ettt 79
Figure 6-19. VHC in Endothall Only Site 1N YEAr 2. .....uveeiieee it 80
Figure 6-20. VHC in Endothall Only Site 10N YEAr 3. .....uvveiiiiii et 81

Figure 7-1. Relative abundance of Eurasian watermilfoil in Lake Tallac following one-time
application of 2 ppm Endothall in 2022. ... 82

Figure 7-2. Relative abundance of Eurasian watermilfoil after one-time application of Endothall in
Lake Tallac in 2022. Blue bars show relative abundance in untreated Control site; red bars show

relative abundance in the Endothall treated SIte. ..........ccueviiiiiiiiiiiiiiie e 83
Figure 9-1. Effectiveness of DASH and Spot-UV Group B methods. ...........ccccvveveeeeeiiiciiinnnennn. 85
Figure 9-2. Effectiveness of BB Group B methods. ........ccccvvvieiiiiiiiiie e 86
Figure 11-1. Water levels and water volume in the Tahoe Keys West Lagoon. ...........cccc.veeeee... 93
Figure 11-2. Monthly Lake Tahoe Water Levels (USGS) ......cccccccveiniumminiiiniiinnnnnnnnnnnnnnnnn. 93
Figure 11-3. Life cycles for Curlyleaf pondweed and Eurasian watermilfoil. ...............c..cccceennee. 95

Figure 11-4. Occurrence of Curlyleaf pondweed in near-shore zone (a) and mid-channel (b) areas
within Untreated fAContr ol siteso in the .WeS5S

Figure 11-5. Estimated Turion Production in the West Lagoon. ...........ccccceviiiiieiiiiiieee s 96
Figure 12-1. Depiction of AIP and water level conditions in un-treated Control Sites in CMT Years
1 and 2. Note that deeper water in Year 2 suppressed AIP abundance primarily in the deep areas.
..................................................................................................................................................... 102
Figure 12-2. Depiction of AIP abundance in un-treated Control Sites in CMT Year 3. Note that
both increased near-shore zone habitat and increased overall water volume and depth increased
habitat for AlP 0 @XPANG. ......coiiiiiiei e 102

Figure 12-3. Effect of increased water levels in herbicide-treated site between Year 1 (herbicide

t

Lago

application) and Years 2 and-sl®rezodeohabitatadnthexpaedgdp ande d

mid-channel volume habitat in Years 2 and 3 due to increasedwat er dept h. Thi
AIP habitat with no prior exposure to Endothall or Triclopyr applications in 2022. ................... 103

Figure 12-4. Effect of increased water levels in Combination Herbicide-UVC sites between Year
1 (herbicide application) and Years 2 and 3 (UVC mid-channel treatments). The expanded near-

shore zone habitat provided fAnewo hathadinXdars® or

Draft Final Report Administrative Working Draft 04/30/2025
Page vii

prov

Al P



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

and 3. Near-shore zones not treated in Year 1 are now well underwater and only have patrtial
suppression of growth since there were no near-shore zone treatments in Years 2 and 3...... 104

List of Tables

Table 1-1. CMT Group A and Group B MethOdS..........cooouiiiiiiiiiiiiiiiee e 4
Table 1-2. Summary of Methods Used to Assess AIP Responses to CMT Methods ................... 4
Table 1-3. Group A Summary Results (2022-2024) Relative to Project Goals...........cccc.cceeunneeee. 5

Table 1-4. Group B Summary Results (2023-2024) Relative to Project Goals. These result only
pertain to the localized areas where Group B methods were applied, not the entire CMT Site

defined by Group A METNOUS. .........iiiie e 6
Table 3-1. Summary of Group A Methods Use and Limitations ............cccccveveeeeeiiecciiiiineneee e 21
Table 3-2. Summary of One-time Herbicide Applications (Year 1, 2022). .......ccccceeeriiiiveeeinnnnnn. 25
Table 3-3. Summary of CMT Group A and Group B Methods..........ccccoovviiieviee e 32
Table 3-4. Summary of CMT Group A methods (Years 1, 2, and 3) ......cccccveveeeeeiiiiiiiiiiieeneee e, 33
Table 3-5. Summary of Group B Treatments and Sites (Years 2 and 3). ....cccccceevvvviiiviiieeieeeennn, 34
Table 4-1. CMT Monitoring ACLIVItY FrEQUENCIES ......uuuuruiriiiiiiiiiiiiiriiennninnnrnrnnnrnrnrnnnrnrnn—————. 40
Table 4-2. Summary of CMT Monitoring Data Points Collected............cccoooiiviiiiiiiiiinieec e, 42
Table 11-1. Cost Categories and Example ACHVILIES...........eeoiiiiiieiiiiiiee e 98
Table 11-2. CMT Year 1 COSES TOLAIS........cceiiiiiiiiiiiiie ettt 99
Table 11-3. CMT Year 2 COSES TOLAIS........cceiiiiiiiiiiiie et 99
Table 11-4. CMT Year 3 COSES TOLAIS.........ociiiieiiiieiiic et 100
Table 12-1. Group A Summary Results Relative to Project Goals..........cccccceeeeiiiiiiiiiiieieeeen, 107
Table 12-2. Group B Summary Results Relative to Project Goals..........ccccvvivininiiiiiniininnnnn. 107
Draft Final Report Administrative Working Draft 04/30/2025

Page viii



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed

List of Appendices

Appendix A. Descriptions and Links for CMT-Related Documents
Appendix B. Monitoring Frequencies and Locations

Appendix C. All Hydroacoustic Scans

Appendix D. Turbidity Curtains Vicinity Aquatic Plant Analysis Report
Appendix E. Treatment Acreage Tables with Dates

Appendix F. Record of Treatment Intervals

Appendix G. Dissolved Oxygen Evaluation Report

Appendix H. Cyanobacteria and Cyanotoxin Record

Appendix . Macrophyte Sampling Metrics

Appendix J. Biovolume Metrics and Calculations

Appendix K. Mid-depth Sonde Data Graphs

Appendix L. miniDOT Data Graphs

Appendix M. Nutrients Data Graphs

Control Methods Test

Draft Final Report Administrative Working Draft 04/30/2025

Page ix



Tahoe Keys Property Owners Association

Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

LIST OF ABBREVIATIONS AND ACRONYMS

AIP
AlS
APAP
BB
BPE
BMI
CalEPA
CMT
cocC
DASH
DO
EIR
EIS
EPA
ESA
HABs
IMP
Lahontan Water Board
League
LFA
Ho/L
mg/L
MMRP
MRP
N/A
NPDES
ONRW
ORP
OoP
Permit
PAR
Project
PPB
PPM
QAPP
RWT
SAV
SEA
TKPOA
TN

TP
TRPA
uvcC
VHC
WQO
WQ

Draft Final Report

Agquatic Invasive Plants (including non-native and nuisance plants)
Aquatic Invasive Species

Aquatic Pesticide Application Plan

Bottom Barrier

Basin Plan Exemption

Benthic Macroinvertebrates

California Environmental Protection Agency

Control Methods Test

Chain of Custody

Diver Assisted Suction Harvesting

Dissolved Oxygen

Environmental Impact Report

Environmental Impact Statement

Environmental Protection Agency

Environmental Science Associates

Harmful Algal Blooms

Integrated Management Plan

California Regional Water Quality Control Board, Lahontan Region
The League to Save Lake Tahoe

Laminar Flow Aeration

Microgram per liter

Milligram per liter

Mitigation Monitoring and Reporting Program

Monitoring and Reporting Program

Not Applicable

National Pollutant Discharge Elimination System
Outstanding National Resource Water

Oxidation reduction potential

Orthophosphate

Tahoe Regional Planning Agency Permit No. EIPC2018-0011
Photosynthetically Active Radiation

Tahoe Keys Lagoons Aquatic Weed Control Methods Test
Parts per billion

Parts per million

Quality Assurance Project Plan

Rhodamine Water Tracer

Submerged Aquatic Vegetation

Sierra Ecosystem Associates

Tahoe Keys Property Owners Association

Total Nitrogen

Total Phosphorus

Tahoe Regional Planning Agency

Ultraviolet Light

Vessel Hull Clearance

Water Quality Objective in Lahontan Water Board Basin Plan
Water Quality

Administrative Working Draft 04/30/2025
Page x



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

1.0 EXECUTIVE SUMMARY

Aquatic Invasive Species control is a top priority for Lake Tahoe and the Tahoe Keys is the top

priority location for treatment in the region. From 2022 through 2024, the Tahoe Keys Property

Owners Association (TKPOA) undertook the Tahoe Keys Lagoons Aquatic Weeds Control

Methods Test (CMT) in the Tahoe Keys Lagoons to examine and evaluate the ability of separate

and combined metbhheck® todikimmoonk ain the abundance o
(AIP) in the Tahoe Keys. Historic management tools and methods have not been sufficiently

successful in allowing TKPOA to get the infestation under control and stop the invasive weeds

from spreading into Lake Tahoe proper. For the past 50 years, mechanical harvesting has been

the only large-scale method for AIP control. While harvesting helps remove weeds and nutrients

from the water, it also creates thousands of plant fragments and disperses the plant reproductive

structures i n the channels, particularly the Atgrionsao
new weed growth Excessive growth of AIP has had negative effects on water quality, native

aquatic plants, native fish habitat, and recreation in the Tahoe Keys.

The overarching goal of the CMT is to determine what combination of methods are most likely to
achieve a 75% large-scale knockback of weeds that TKPOA can maintain over time. The CMT is
very unique as it included the first ever permitted limited use of EPA- approved aquatic herbicides
in Lake Tahoe, and the first large scale open water testing of the UV light systems. Herbicides
were only permitted as a one-time application in Year 1 of the test as a knockback tool, and all
follow up maintenance tools used in Years 2 and 3 were non-chemical. The results of this test will
ultimately inform a long-term strategy for how to better manage weeds in the Tahoe Keys and
prevent their spread to other areas of Lake Tahoe.

An overview of the CMT results is presented in this Executive Summary, and the findings are fully
described in the subsequent main report and appendices.
Key results include the following:

f Thetwolarger-scal e treat ment met hods, herbicides and
(ultravioletlightor UVC), wer e successfbulc kion gmead tsi rodg ttthe
reducing invasive aquatic plant abundance by 75%.

1 Herbicides were successful in achieving the initial knockback reduction of AIP by 75% in
both the near-shore zones and mid-channel zones of the lagoons.

1 UVC was also successful in achieving the initial knockback reduction of AIP by 75% in the
mid-channel zones of the lagoons. (This method was not applied in near-shore zones due
to logistic difficulties in maneuvering around and between dock and pier structures, and
where water depths were too shallow.)

1 Forthesmallerrscal e treat ment met hods t e shtaeck of-ordi mairr
assisted suction harvesting (DASH) was most successful in the near-shore zones and
UVC spot treatments were most successful in the mid-channel zones.

9 Bottom barriers provided excellent control while in place (100% reduction in AIP
abundance). However, once removed, AIP was observed to resprout quickly, even in the
fall.

1 The large increase in lagoon water levels from the first year (2022) to the third year (2024)
provided more available habitat for AIP to expand in the larger volume of water in the mid-
channel areas, as well as new near-shore zone habitat that had not received herbicide
treatments in 2022.
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9 The high reproductivity and spreading capacity of Curlyleaf pondweed, and its threat to
Lake Tahoe, suggests that its control needs to be the highest priority in the immediate
future.

9 LFAdid notreduce AIP during all three years of the CMT. Curlyleaf pondweed abundance
actually increased in year 3 in some of the LFA sites.

1.1 Background

Lake Tahoe is a deep, high elevation lake with exceptionally clear water and a 72-mile shoreline
within California and Nevada. Lake Tahoe is designhated as an Outstanding National Resource
Water (ONRW) in recognition of its unique hydrologic and ecological characteristics, which
provides special protection to maintain its extraordinary ecological and aesthetic values. Lake
Tahoe supports social and recreational wuses
surrounding mountains, and year-round recreational opportunities represent major attractions for
visitors from around the world.

The Tahoe Keys lagoons are located at the southernmost end of Lake Tahoe and include
approximately 170 acres of relatively shallow waterways surrounded by about 1,500 homes
(Figure 1-1). Two open channels allow free flow of water between the lagoon waterways and Lake
Tahoe. The lagoon waterways are almost entirely infested with three invasive aquatic plants -
Eurasian watermilfoil (Myriophyllum spicatum), Curlyleaf pondweed (Potamogeton crispus), and
one native aquatic plant, Coontail (Ceratophyllum demersum) that has grown to problematic
levels and is considered invasive for this environment. The open channels provide a direct
pathway for the spread of these aquatic invasive plants (AIP) to the rest of Lake Tahoe. Improved
containment of fragments has been achieved in recent years through boat back-up stations, public
education, and experiments with double-b ub bl e curtain Obarrierso

The Tahoe Keys lagoons are a dynamic system where habitat conditions for aquatic plants and
animals can vary dramatically due to changes in water levels and the presence of the aquatic
invasive species (AIS). The rapid expansion of AIP such as Curlyleaf pondweed over the past 10
years underscores the need for effective AIP control in the Tahoe Keys lagoons and Lake Tahoe.
The Tahoe Keys Property Owners Association (TKPOA) has used mechanical harvesting to cut
and remove AIP in the lagoons. Harvesting removes some biomass and nutrients, improves boat
passage, and potentially improves aesthetics, but also stimulates AIP growth and produces
thousands of plant fragments that, if not captured by the harvester, spread within the lagoons and
into Lake Tahoe. For example, Curlyleaf pondweed, the most rapidly spreading AIP, produces

t

at

he

t

h

reproductive and dispermsad tshatucaueesdi shodedd Aamn

harvesting.

Due to the complexity and size of the AIP infestation, TKPOA with stakeholdersé i (npluding
public agencies, non-profit organizations, and members of the public) proposed a limited-scale
test program that would help inform a long-term AIP control strategy. This test was called the
Tahoe Keys Lagoons Aquatic Weed Control Methods Test (or CMT). This final report synthesizes
the work completed over the three years of the CMT Project within the Tahoe Keys lagoons.

1.2 CMT Development and Goals

The CMT was planned and designed in collaboration with key stakeholders such as the League
to Save Lake Tahoe, permitting agencies such as the Tahoe Regional Planning Agency (TRPA)
and the Lahontan Regional Water Quality Control Board (Lahontan Water Board), and with a high
level of public input and interest. The test was implemented by TKPOA to evaluate a wide range
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of different control methods and combinations of methods that could improve AIP management
by demonstrating which tools could effectively knock back the large population of weeds and
which non-chemical methods could sustain the knockback over time.

In 2022, Lahontan and TRPA completed a comprehensive Environmental Impact Report
(EIR)/Environmental Impact Statement (EIS) and permitting process. This process established
the framework for the CMT goals, control methodologies and approaches, resource protection
measures and mitigations, monitoring, and reporting. The goals were to evaluate the ability of the
CMT to:
1 Reduce and maintain total AIP biomassby 75% ( Aibi ovol umeodo) within tree
1 Increase the occurrence and percent composition of native plants relative to hon-native
plants.
Achieve and maintain a minimum 3-foot vessel hull clearance (VHC) in test sites.
Contain herbicides within the lagoon test areas and prevent herbicide movement into Lake
Tahoe proper.
1 Improve water quality in the test sites, such that water quality objectives set forth in
Lahontand s Lake Tahoe nBrefeguentfPrhea n ar e
1 Submit annual CMT efficacy and monitoring reports by March 1 of each following year for
the length of the Project and submit a Draft Final Report evaluating the CMT results.

1
1

Many natural resource protection measures were putin place to ensure the protection of the Keys
waters, and Lake Tahoe. The CMT included intensive water quality monitoring and frequent and
specific monitoring of herbicides and their degradants. To add further protection of Lake Tahoe,
the CMT also required that areas where herbicides were to be applied be separated from the
main West Lagoon by double turbidity curtains. These curtains were maintained until herbicide
reached non-detect levels.

1.3 Methods and Implementation

The CMT was designed as a three-year project limited to the West Lagoon and Lake Tallac
Lagoon of the Tahoe Keys. During the first year, three primary treatment methods were
implemented to attain a 75% reduction of weeds: 1) two aquatic herbicides (Endothall and
Triclopyr), 2) wultraviolet light at the ACO wavel
Flow Aeration (LFA) was tested in all three years of the CMT, although one of the sites was first
installed in 2019 and the other two sites were installed late in the first year of the CMT. These
three methods (herbicides, UVC, and LFA) are categorized as CMT Group A treatments and were
used alone and in combinations (e.g., herbicide + UVC) at different times and locations from 2022
through 2024. The details on locations, types, and timing of methods are provided in the Year 1
CMT Annual Report (see Appendix A. Descriptions and Links for CMT-Related Documents). The
CMT methods are summarized in Table 1-1 and Figure 3-1.

In Years 2 and 3 of the CMT, the non-herbicide Group A treatment methods (i.e., UVC and LFA)

were tested for their ability to maintain AIP reductions achieved in the first year. In addition, three
smallscal e treatment met hods (dudlntomssess tBeir effectivertesae nt s 0)
at helping to maintain the 75% reduction in AIP achieved in the Group A sites in Year 1. These

methods were spot treatments of UVC, Bottom Barriers (BB), and diver assisted suction

harvesting (DASH). The details of locations, types, and timing of methods are provided in Year 2

and Year 3 CMT Annual Reports (see Appendix A for document links).
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In the first year of the CMT (2022), herbicides were applied only once in the late spring in select
test sites, while UVC was used throughout the season. Areas were also established with LFA
operations. These test methods were replicated in sites that represented typical AIP distributions.
To prevent the movement of herbicides to Lake Tahoe, the three herbicide application areas were
isolated with four sets of double turbidity curtains. In the following two years of the test, Group B
methods were used at Group A locations to assess their ability to help maintain the knock-back
achieved during Year 1. The Group B methods were applied in small areas with the Group A sites.
The type and size of Group B methods were selected to include the replicated treatments in the
different Group A sites (Table 1-1). The criteria and decision tree for applying specific Group B
methods are provided in the Year 1 CMT Report (Appendix A).

Table 1-1. CMT Group A and Group B Methods

Group A Methods ((,ilrlo:gnB-l!:/(la ?ttn?é)igZ) Un-treated
CMT Year (Non-herbicide and herbicide Applied within Selected L "Control
methods) pplied within Selected Larger Sites"
Group A Sites
1 UVC Only Sites, Laminar Flow None used in Year 1 4 Sites
Aeration (LFA) Sites, Triclopyr and
Endothall Herbicide Sites alone and
in Combination with UVC
Treatments
2 Continuation of UVC Only, UVC Spot-UV Treatments, BB, DASH 4 Sites
Combination, and LFA Sites
3 Continuation of UVC Only, UVC Spot-UV Treatments, BB, DASH, 4 Sites
Combination, and LFA Sites Sequential Spot-UV and DASH
Treatments

1.4 Monitoring and Evaluation of CMT Methods Effectiveness

A comprehensive and detailed monitoring program was completed to assess the effects of CMT
methods on water quality variables and AIP (Appendix B. Monitoring Frequencies and Locations).
To ensure objectivity and confidence in data collection and analysis, TRPA hired independent
contractors to perform high frequency water quality sampling to assess herbicide presence, and
to determine the effectiveness of CMT methods on AIP. TKPOA staff conducted bi-weekly
hydroacoustic scans to assess changes in biovolume of AIP (Appendix C. All Hydroacoustic
Scans). Several approaches were used to assess AlIP responses to CMT Group A UVC, LFA,
and herbicide applications and Group B non-herbicide treatments as summarized in Table 1-2.
Approximately 230,000 monitoring data points were collected during the CMT. Over 7,000 rake
samples of aquatic plants were taken each year to measure AIP responses to CMT methods. A
detailed description of monitoring methods is provided in Year 1 CMT Report (Appendix A).

Table 1-2. Summary of Methods Used to Assess AIP Responses to CMT Methods

Data Obtained from Physical Rake Data Obtained from Da_ta_ Obtained from
" Combining Rake Samples
Samples Hydroacoustic Scans :
and Hydroacoustic Scans
AIP Abundance, Biovolume of AIP, Plant Species -Specific Biovolume,
species present, height, Relative Biovolume of AIP
frequency of occurrence, health condition VHC, Water Depth, and within lagoons, and
of plants, and number of Curlyleaf Water Volume proportion of each species to
pondweed turions total Biovolume
Draft Final Report Administrative Working Draft 04/30/2025
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15 Results of CMT

The detailed results from each year of the CMT were presented in the CMT Annual Reports
submitted to Lahontan and TRPA and are available through web links in Appendix A. The key
results from the three-year CMT Project relative to Project goals are summarized in Table 1-3 and

are described in detail in the full report and appendices following this Executive Summary.

Table 1-3. Group A Summary Results (2022 -2024) Relative to Project Goals

. Goal:
Goal: .
Years Maintain G_oal " Incr.ease
Applied 7506 Knock - Maintain Deswgble
3-Foot VHC Native
back
Plants
Group A Single Methods (2022 - 2024)
Herbicide Only
Endothall (targets all AIP: Eurasian Yes Yes
watermilfoil, Curlyleaf pondweed, Year 1 only (Years (Years Yes
and Coontail) 1t02) 1to 3)
Triclopyr (targets Eurasian ves Yes
watermilfoil) Year 1 only (Years (Years Yes
1 to 3) 1to 3)
Yes Yes
UVC Only (affects all aquatic plants) Years 1to 3 (Years (Years No
1to 3) 1t03)
LFA (intended to target all AIP) Years 1to 3 No No No
Group A Combination Methods (2022 - 2024)
Herbicide Near-Shore Zone with UVC
Mid-Channel
Endothall Yearlonly | Yes(Yearl) | Yes(Yearl) Yes
Yes Yes
Triclopyr Year 1 only (Years (Years Yes
1t03) 1t03)
Y — Yes Yes
uvC 2 and 3 (Years (Years No
2 and 3) 2 and 3)
LFA with UVC Mid-Channel MECTD No AIP No AIP No
2and 3 reduction reduction
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Table 1-4. Group B Summary Results (2023 -2024) Relative to Project Goals . These results only
pertain to the localized areas where Group B methods were applied, not the entire CMT Site defined
by Group A methods.

. Goal:
Goal: .
o Goal: Increase
Years Maintain S .
Applied 7506 Knock - Maintain Desw_able
3-Foot VHC Native
back
Plants
Follow -Up Group B Single Methods (2023 - 2024)
Bottom Barriers (While in place, affects Years
X Yes Yes No
all aguatic plants) 2and 3
DASH (targets all AIP) VEEID Yes Yes Partial
9 2and 3
. Years
Spot-UV (affects all aquatic plants) 2 and 3 Yes Yes No
Follow -up Group B Combination Methods (2023 - 2024)
UVC Sequential to Bottom Barriers (one Year 3 Yes Yes No
treatment)
DASH Sequential to Bottom Barriers Year 3 Yes Yes Partial
(one treatment)

1.6 Climatic Environmental Conditions

Lake Tahoe and the Tahoe Keys lagoons are subject to a range of seasonal and year-to-year

effects from weather including extreme air and water temperatures changes, wind, snowfall, and
variableaccumul ated fAsnowpacko and resultingaffecpbri ng r
Tahoe Keys lagoons water levels. During the CMT, these variables were apparent with storms,

and particularly large snowpacks and runoff in 2023 and 2024. These events affected the CMT

treatment methods and AIP in several ways summarized below.

1 Increased water levels between Year 1 and Year 3 expanded AIP habitat in near-shore
zones that were not exposed to herbicide in Year 1. These areas were above water during
the drought in 2022 and, once inundated, provided increased areas for AIP growth in near-
shore zones by Year 3, including untreated Control sites. (See Section 11.1 for additional
information.)

1 Deeper water in Years 2 and 3 favored growth of Curlyleaf pondweed, which increased in
abundance in Year 3 in Control and LFA sites, especially in deep mid-channel areas. (See
Sections 11.1 and 11.2 for additional information)

1 Storms and high winds in the spring of 2022 disturbed some double turbidity curtains
allowing very low level, short-term movement of herbicides past two curtained areas. This
was quickly remedied within 24 hours by securing curtains and by adding additional
curtains and herbicide did not reach Lake Tahoe. (See Appendix D. Turbidity Curtains
Vicinity Aquatic Plant Analysis Report for additional information.)

1 Aquatic habitat impacts from the CMT were limited and restoration was achieved in both
the West and Tallac lagoons for all sensitive resources evaluated. Laboratory analyses
for lagoon sediments were non-detect for Triclopyr and its degradants in 2022, and for
Endothall and its degradants in 2024. (See Appendix A for the Biological Restoration and
Sediment Monitoring Reports)
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1 Most near-shore zones were not accessible for UVC treatment due to the presence of
piers, docks, rip-rap shorelines, parked boats, and where the water depth was too shallow.

1.7 Herbicide Movement and Levels

Triclopyr and Endothall were applied either as whole-site applications or only along the near-
shore zones. In both instances, treatment areas adjacent to the application were isolated from
the rest of the West Lagoon by double turbidity curtain barriers. The movement and level of
herbicides within the application site and in adjacent water was monitored extensively by a TRPA-
supported, independent, highly qualified, and Lahontan-approved contractor. The results of this
monitoring are summarized below, and detailed reports are accessible through document links in
Appendix A.

No herbicides or residuals entered Lake Tahoe or reached the West Channel.
Endothallwas atii n edre t e c t in Wagen(®darés per billion or ppb) in about 45 days.
Triclopyr was at non-detect level in water (1 ppb) in about 100 days.

The slow rate of Triclopyr degradation required the double turbidity curtains to remain in
place most of the Year 1 recreation season, which greatly restricted typical mixing of
lagoon waters. Stagnant water conditions likely contributed to the formation of harmful
algal blooms (HABs) and further slowed the breakdown of Triclopyr since degradation is
sunlight-dependent and increased turbidity from HABs greatly reduced light levels.

1 No adverse effects on fish, wildlife, or other non-target biological resources such as
benthic macroinvertebrates (BMI) were observed in herbicide-treated sites or other lagoon
areas from other treatments for the duration of the three-year CMT.

=a =4 =4

1.8 Nutrients and Water Quality

Aquatic plants and algae require nutrients for growth, and they accumulate these nutrients as they
grow. However, when the plants and algae decompose during seasonal die-back, or when they
decompose after using aquatic herbicides, UVC, or mechanical harvesting, they release nutrients
such as nitrogen and phosphorus. The released nutrients can enter the water and stimulate algae
growth. During the CMT, levels of nutrients in the water were measured frequently in the herbicide
treated sites, UVC sites, and LFA sites. The results are summarized below.

1 A pattern of increased nutrients during the middle to late summer was common in all CMT
sites for all three years, including untreated Control sites. This is likely due to late
summer/fall aging and breakdown of AlP.

1 InYear 1, increases in Total Nitrogen (TN), Total Phosphorus (TP), and Orthophosphate

(OP) were observed in Endothall-treated sites, and to a lesser degree in Triclopyr-treated

sites, and in some Spot-UV treatment sites. Decomposition of AIP following Year 1 CMT

treatments likely caused these increases. In Years 2 and 3, most nutrients in UVC sites
were comparable to untreated Control sites.

None of the CMT treatments affected water temperature during the three-year CMT.

Endothall-treated sites had somewhat lower dissolved oxygen (DO) levels than untreated

Control sites, but all CMT sites showed naturally occurring decreases in DO (less than 5

milligrams per liter or mg/L) in the bottom areas, including Control sites. No differences

between Endothall sites and Control sites were observed in Years 2 and 3.

1 Endothall and Triclopyr applications reduced pH ranges to more closely meet the Water
Quality Objectives (WQO) of pH 8.4 (Appendix A), while Control sites and LFA sites
constantly had pH levels above the WQO by mid-summer.

=a =
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1.9 Effectiveness of CMT Methods

Table 1-2 summarizes methods used to assess Group A and Group B control methods.
Hydroacoustic scans provide AIP biovolume (abundance) data on a Lagoon-wide scale, and
physical rake samples provide highly localized and detailed information on the amount of AIP in
a treated site as well as the prevalence and amount of each AIP and native species. Local
sampling is important to understand how AIP grows and how the CMT methods affect plants in
mid-channel (deep areas) and near-shore zone shallower areas. This sampling method also
reveals how each AIP or native plant responds to the different Group A and Group B methods.
The summary provided here is based on rake
abundance, and data obtained for each species present.

1.9.1 Group A Methods

1 Endothall Only applications in Year 1 achieved 75% reduction in Eurasian watermilfoil for
2 years in mid-channel areas and partial (55 to 65%) reduction in Year 3. Endothall
reduced Eurasian watermilfoil in near-shore zones by 75% in Year 1.

1 Triclopyr Only applications in Year 1 reduced Eurasian watermilfoil by 75% for 3 years in
mid-channel areas and for 2 years in near-shore zones.

9 Triclopyr-Only applications in Year 1 also reduced Curlyleaf pondweed by 75% for 3 years
in mid-channel areas and for 2 years in near-shore zones.

i UVC Only was not consistently effective in Year 1, but subsequently reduced AIP by 65-
75% in Years 2 and 3 in mid-channels as operational treatment methods were improved.

1 UVC Combination treatments in mid-channels were moderately effective in Year 2 (55 to
60% reduction) and more effective in Year 3 (65 to 75% reduction).

1 LFA did not reduce AIP over the three-year CMT and appeared to enhance the growth of
Curlyleaf pondweed in Year 3.

Summary of GMT Methods Effectiveness in Reducing AlIP Species Relative Abundance
Mid-summer (June 30 to August 1)

<4 0% 50 to 65% 75% AlP
uvo I"Il.yr ‘ Reduction Reduction

Year 1 Year 2 Year 3
oty [ ) tusian
watermilfoil
Mid- | Curlylaaf
Channel Pondweed

Mid- | Coontail
Channel

Figure 1-1. Effectiveness of UVC Only Method.
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<40% 50 to 65% T5% AIP
End Othﬂ |.|. O I'Ily Raduction Raduction
Year 1 Year 2 Year 3
Mid-
Channel Eurasian
Near-Shore watermilfoil
Zone
Mid-
cramet NN Curlyleaf
Pondweed
Zone
Mid-
Channel
Coontail
Zone
<40% 50 to 65% 75% AIP
Endothall-UV Combo Reduction Reduction ‘
Year1 Year 2 Year 3
Mid-
Channel Eurasian
. watermilfoil
Shoreline
Mid-
Channel Curlyleaf
Pondweed
Mid-
Channel
Coontail
Shoreline

Figure 1-2. Effectiveness of Endothall Only and in Combination with UVC.
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. <40% 5010 65% 75% AIP
Triclopyr Only Reduction | | Reduction
Year 1 Year 2 Year 3
Mid-
Channel Eurasian
Near-Shore watermilfoil
Zone
Mid-
Channel Curlyleaf
Pondweed
Zone
Mid-
Channel
Coontail
Near-Shore I
Zone
. <40% 50 to 65% 75% AIP
Triclopyr-UV Combo Reduction | | Reduction
Year 1 Year 2 Year 3
Mid-
Channel Eurasian
Near-Shore watermilfoil
Zone
Mid- |
Channel Curlyleaf
Near-Shore Pondweed
Zone I
Mid-
Channel
Coontail

Near-Sh
Zone

ore

Figure 1-3. Effectiveness of Triclopyr Only and in Combination with UVC.

1.9

1

.2 Group B Methods

Spot-UV treatments effectively maintained 75% control of AIP in most Group B sites after
Group A treatments. Coontail often moved into previously treated areas (Coontail is
primarily an unrooted, floating species).

DASH was variably effective at maintaining 75% control in Group B sites after Group A
treatments depending on water clarity and density of AIP. DASH effectiveness was limited
by turbidity (diver visibility) but was able to remove large numbers of Curlyleaf pondweed
turions, which may reduce this AIP population in subsequent years on a small-scale.
While in place, BBs were very effective at maintaining 75% control in Group B sites after
Group A treatments, but when removed, Curlyleaf pondweed turions in the seed bank
sprouted and other AIP were found where the barriers had been placed. The adaptive
management decision to test sequential Spot-UV treatments showed promise for post-
barrier removal control of the sprouted turions.
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Summary of CMT Group B Methods Effectiveness in Reducing AIP Abundance
(Rake Fullness): Mid-summer (June 30 to August 1)

Year 2 Year 3 <40% 50to 65%

Reduction Reduction
Most West
DASH Lagoon Sites
(Shorelines) i .
Lake Tallac Discontinued Treatments

75% AIP
Reduction

80-90% of
Sites
UV-C Spot
Most West
Bottom oot Sies I:—
Barriers

(Faly)

Lake Tallac Discontinued Treatments

Post- Site 5 Shifted to DASH in Year 3
Removal

Figure 1-4. Effectiveness of Group B methods

1.10 Implications of CMT Results for Management of AIP

The CMT has provided valuable field-based data, and AIP species-specific data not only on the
responses to Group A and Group B methods, but also on AIP population distribution, AIP
reproductive and dispersal capacities, and the abilities of AIP to adapt to changing conditions

such as water |l evels and Anewod habitat. Developin

data since they inform us of critical points in seasonal growth and reproductive patterns where
management tools can be used optimally.

1 Two distinctive habitats support AIP growth in the Keys lagoons: shallow near-shore zones
bet ween the dock ends and 2sarine aréas. Seasbmgakeand
year-to-year changes in Lake Tahoe water levels affect the size and volumes of AIP
habitats for these two lagoon habitats. The utility of the test methods depends on their
applicability in these habitats, and the scale (size of treatment area) of their use. Therefore,
control methods must be appropriately tailored to the habitat, scale, and the target AlP.

1 The increase in water levels from 2022 to 2024 reduced treatment success and increased
AIP species occurrence between mid-channel and near-shore zones due to both: 1)
exposed soil near-shore zones that did not receive Group A treatments in Year 1, and 2)
deeper water levels and greater lagoon water volume in Years 2 and 3 that increased
available AIP habitats.

1 The CMT results demonstrate that only methods that are sufficiently large size, or that
achieve a large scale of effectiveness, and that treat both near-shore zones and mid-
channel areas, can provide long-term 75% reduction in AIP. If either the control method is
insufficient, or if the area is too small, or if low water levels prevent treatment of exposed
soil near-shore zones, then surrounding un-controlled AIP will re-infest treated areas
within weeks or months, or in subsequent years when water level increases as it did in
2022 and 2023.
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If AIP is not controlled in both mid-channels and near-shore zones, then lagoon-wide
management cannot be achieved because AIP in uncontrolled habitat will grow and
disperse. The size and volume of mid-channel and near-shore zone habitats depend on
lake level. Therefore, spring projections of lake levels are needed to guide the types and
locations of treatments to achieve sufficient reduction in AIP. For example, higher water
levels that occurred in 2023 and 2024 provided more habitat that was untreated in 2022
for AIP growth.

The urgency to control Curlyleaf pondweed is paramount. Data confirms significant recent
abundance increases due to its enormous reproductive and dispersal capacity in both the
Tahoe Keys lagoons and in Lake Tahoe. Data from rake samples and observations during
DASH treatments suggest that 10 to 15 million Curlyleaf pondweed turions are formed
annually within approximately 100 acres

of

pressureodo results in new plants, CwmotheyAlRe af

(if not controlled), and restrict desirable native plants such as Elodea, which are already a

very small (<5 %) portion of the | agoonsé

Future management will depend on integrating all effective and practical methods to
effectively target AIP; tailoring methods will be important to address seasonal and annual
water level changes and the different habitats: near-shore zones and mid-channel areas.
The CMT included some of the most intensive monitoring ever reported for field use of
aquatic herbicides, UVC and LFA, and the other AIP control methods that were tested.
The development of future management strategies and methods should identify what
monitoring is sufficient, but not excessive or redundant, to track results as well as protect
environmental conditions. The CMT provides a very useful basis to determine optimal
future monitoring.
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2.0 INTRODUCTION

This Draft Final Report presents the results of the 3-year CMT Project implemented in the Tahoe
Keys lagoons from 2022 through 2024. The report describes existing conditions in the lagoons,
the design of the test project, what methods were tested, how data was collected to monitor the
test methods, how effects were evaluated on water quality and target and non-target species, and
the overall results regarding the success of the various methods tested both alone and in
combination with other methods.

The sections below explain the local aquatic plants and the history of AIP management in the
Tahoe Keys lagoons. The status of the aquatic plant infestations and pre-CMT Project
management practices are also presented.

2.1 Aquatic Invasive Plants (AIP) in the Tahoe Keys Lagoons

The CMT was conceived and designed to generate field data to guide and support the
development of science-based methods to reduce the increasing impacts of AIP in the
approximately 170-acre Tahoe Keys lagoons (Figure 2-1). No records provide the sources, dates,
locations, or events that marked the initial introductions of the first detrimental AIP, Eurasian
watermilfoil, or the later appearance of Curlyleaf pondweed in Lake Tahoe or in the Tahoe Keys
lagoons. The history of non-native invasive species in Lake Tahoe dates back at least to the
1920s when lake trout were introduced, followed by decades of periodic, purposeful, and
unintended AIS introductions (Wittmann et al. 2015, Anderson et al. 2025).

Rapidly increasing numbers of visitors and
through the mid-1900's provided the pathways for AIS introductions from local and remote

Asourcedo populations of AI'S (Wit t mmintharodnd Qake .

Tahoe, the introductions of AIP could have occurred at anytime and anywhere until 2008 when
mandatory boat inspections for AIS were started. The inspection program has been successful
to date in stopping the introduction of quagga and zebra mussels as well as new invasive aquatic
plants. However, the legacy of prior free access to Lake Tahoe waters and the resulting
introductions of AIP created the need for AIP management in the Tahoe Keys lagoons and Lake
Tahoe.

2.2 Current Tahoe Keys AIP Containment and Management

The first documented presence of Eurasian watermilfoil along the shores of Lake Tahoe was in
1995 (Anderson and Spencer 1995), and the first record of Curlyleaf pondweed was in 2003
(Anderson et al. 2025). However, the detrimental impacts of these AIP, and excessive growth of
the native plant, Coontail, were already recognized by the early 1970s when AIP harvesting began
in the Tahoe Keys lagoons.

Mechanical harvesting, used for the past 50 years in the Tahoe Keys lagoons, is not sufficient to
mitigate AIP impacts, nor has this method reduced the threat of AIP to Lake Tahoe. While

resi de

Wi t h

mechanically harvesting AIP can provide boating 0

method also stimulates plant growth and produces thousands of plant fragments and other
reproductive structures that can move within the Keys lagoons and into Lake Tahoe where new
infestations can start (Anderson 2014). Also, harvesting is mainly effective in open channels, but
does not remove AIP in shallower, poorly accessible near-shore zones between docks.
Unmanaged near-shore zones provide habitat that support growth and further dispersal of AIP.
The shallow near-shore zones are particularly problematic since boat movement in and around

Draft Final Report Administrative Working Draft 04/30/2025
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docks can easily dislodge and fragment AIP. In other words, effective strategic management of
AIP has not been achieved with harvesting.

The increase in AIP abundance over the past 20 years (Figure 2-2), and the dramatic increase in
Curlyleaf pondweed prevalence over the last 10 years (Figure 2-3) underscore the inability of
harvesting to reduce or contain AIP populations. The detrimental production and dispersal of AIP
fragments prompted several attempts to mitigate this threat and contain fragments over the past
10 years. Some methods have been helpful but are still undergoing reviews for effectiveness. The
most effecti ve rdachesrate atrategreeand methaptipat minimize growth of AIP
in habitats that support reproduction and dispersal, particularly for Curlyleaf pondweed.

ey

Lake Tallac West Lagoon
25 acres 115 acres

Photo credit: Lake Tahos Real Estate wivw/taketahosrealcstateblog.com

Figure 2-1. Overview of the Tahoe Keys Lagoons and CMT Project areas: The circles show the
general locations within the West Lagoon and Lake Tallac where the CMT methods occurred .
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Figure 2-2. Historic annual harvest yield trends of AIP in the Tahoe Keys lagoons.
(Source: TKPOA Staff 2024)
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Figure 2-3. Ten-year trend in Curlyleaf pondweed frequency occurrence in the Tahoe Keys lagoons.

(Note Curlyleaf pondweed was first detected in 2003.)
(Source: Sierra Ecosystem Associates)

Draft Final Report Administrative Working Draft 04/30/2025
Page 15



Tahoe Keys Property Owners Association Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

3.0 CMT DESIGN GOALS, OBJECTIVES, AND IMPLEMENTATION

The impetus for the CMT was the
recognition by TKPOA, TRPA, and the
League that current mechanical
harvesting was inadequate to control
AIP, and that other approaches
combining multiple tools might be
integrated and combined to greatly
improve AIP management and reduce
threats of AIP movement to Lake
Tahoe (Gettys et al. 2020). The =
potential to test aquatic herbicides M2
became possible in 2015 when '
Environmental Protection Agency
(EPA) approved a 2012 change in
Lahontan regulations, known as the :
Basin Plan Exemption (BPE) process.
Before 2015, the option to use aquatic
herbicides was prohibited by the Lahontan Wat er Boar d TikaBPE amerdheatn 0O .
included an authorized admi ni strative mechani sm, and criteria
Ex empt i o general mohibitloreon using aquatic herbicides.

In 2017, TKPOA developed an initial project and plan to test the use of aquatic herbicides in the
Keys lagoons for AIP control. This plan was subsequently modified through extensive stakeholder
review and input. However, due to the unique conditions in Lake Tahoe, and the fact that the plan
included a first-time ever use of aquatic herbicides in Lake Tahoe, a full EIR/EIS was prepared in
2019 to assess potential environmental effects of the project. The completed EIR/EIS and further
modified CMT were considered by the Lahontan Water Board and TRPA Governing Board and
approved/permitted in early 2022. (See links to documents in Appendix A.)

The key goals and objectives of the three-y e a r CMT were based on TKPOA
application (TKPOA 2019), mitigation and monitoring conditions of the EIR/EIS, and permit

requirements issued by Lahontan and TRPA for testing AIP management methods. The CMT

project included three key approaches: (1) the single and combined use of multiple non-herbicide

methods; (2) one-time use of two aquatic herbicides, both alone and in conjunction with non-

herbicide methods; and (3) extensive environmental monitoring. The use of multiple methods for

weed contr ol i n gener al, including agqguatic weed
Management,0which can optimize efficacy and cost-effectiveness.

The multiple methods tested for control of AIP in the CMT were deployed in a three-year

sequence. In the first year (2022), fiGroup Adomethods were implemented consisting of UVC light,

Laminar Flow Aeration (LFA), and the one-time use of two aquatic herbicides: Endothall and

Triclopyr. The objective of the Group A methodswast o r educe-doovmof lAh ®clabundar
by 75% compared with untreated areas.

In the second year (2023), non-herbicide Group A methods (UVC and LFA) were continued, and
additional Group B methods were also employed including DASH, BBs , and UVC HfASpc
Tr eat mé&roup B methods were deployed to determine if the 75% reduction achieved by the
herbicide in Year 1 could be sustained where the Group B methods were used within the larger
Group A sites. The locations within the Group A Sites, and types of Group B methods, were
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determined by monitoring the AIP populations using extensive rake sampling. The sizes of Group
B areas were typically a small part of an entire Group A site because the logistics and costs for
deploying DASH and Bottom Barrers weighed against applying these methods at scales
comparable to Group A methods (See Appendix E. Treatment Acreage Tables with Dates).
Nonetheless, several replications of the Group B methods allowed for seasonal and annual
assessments of their effectiveness (See Figure 3-1). As explained later, Group B methods were
also tested in Year 2 and Year 3 in Group A sites where 75% knock-back had not been achieved.

To ensure objectivity in the CMT monitoring, TRPA employed independent contractors to assess

changes in water quality conditions, the effectiveness of treatment methods on AIP, and the fate

and movement of aquatic herbicides. The CMT, EIR/EIS, and agency permits (Lahontan 2022,

TRPA 2022) identified the following criteria for successful outcomes of AIP control methods used:
1 Reduce by 75% and maintaint he t ot al AI P biomass (Abiovol u
1 Increase the occurrence and percent composition of desirable native plants relative to

invasive and nuisance plants.

Achieve and maintain a minimum 3-foot VHC in test sites.

Contain herbicides within the lagoon test areas and prevent herbicide movement into

Lake Tahoe proper.

1 Improve water quality in the test sites, such that water quality objectives set forth in
Lahontands Lake Tahoe Bas i nthddbnimprozimgevatenor e f r ¢
quality and AIP control effectiveness including:

Reduction in suspended nitrogen, phosphorus, and total dissolved solids in
the fall months during aquatic plant senescence;
A Improvement in clarity of the water as measured by turbidity;
A Improved water column pH stability in all test areas to achieve pH values
between 7.0 and 8.4; and,
A Improved recreational and aesthetic values.
1 Submit annual CMT efficacy and monitoring reports by March 1 of each following year
for the length of the Project and submit a Final Report evaluating the results of the
CMT.

T
T

3.1 Summary of CMT Design Objectives

With the above goals and requirements, the CMT was designed to provide sufficient, reliable data
on the potential effectiveness and utility of the Group A and Group B methods and their integrated
use while carefully assessing the effects that these methods may have on water quality, non-
target native plants, and wildlife and benthic-dwelling invertebrates in the lagoon bottom
sediments. The implementation of the test methods and the extensive environmental monitoring
and results are described in the following sections of this report.

The overall strategy, yearly actions, and objectives over the three-year project period are
summarized in Figure 3-1. The CMT was designed to be flexible and adaptable to changes in AIP
populations and hydrologic conditions of the lagoons. The adaptive component of the CMT was
supported by an extensive monitoring program (See Section 4).

The CMT methods and approaches are further described in Sections 3.2 (Group A Methods) and
3.3 (Group B Methods).
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CMT Actions and Objectives

: Year Two Actions Year Three Actions
Year One Actions .
“Group A" Methods: “Group B” Methods: “Group B” Methods: Reports:
3 o DASH, UV-C, Bottom DASH, UV-C, Bottom Conclusions
UV-C, LFA, Herbicides . ) . . :
Barriers, Continue LFA Barriers, Continue LFA Recommendations
Adjust Monitoring Adjust Treatments
[ Environmental Monitoring >
Objectives: Objectives: Objectives:
* Knock down AIP » Select Group B areas + Adjust Group B methods
biomass by 75% + Adjust Monitoring  Adjust Monitoring
» Vessel Hull Clearance = Sustain control of AIP « Sustain control of AIP
* Increase Native plants with Group B methods with Group B methods
* Do this Selectively!
« Adjust Monitoring

Figure 3-1. Summary of the year -by-year actions and objectives of the CMT.

3.2 Group A Methods

The CMT was designed to provide data on the effectiveness of and effects from several non-
herbicide methods, the one time-use of aquatic herbicide applications, and combinations of non-
herbicide methods and herbicides. In Year 1, Group A methods included two types of herbicides:
Endothall (used at 2 parts per million or ppm) and Triclopyr (used at 1 ppm), applied either to
entire sites (1 to 1.5 acres each in the West Lagoon and a 2-acre site in Lake Tallac), or as part
of a ACoMRIrmati dmeimeny(Sae Figuree32(b) and 3-3). For combination sites,
the herbicides were only applied to near-shore zones from the edges of the shore to the ends of
docks. The mid-channel areas of these sites were treated using UVC in Years 2 and 3. (See
Figures 3-2 and 3-3).

Group A methods used in Years 1, 2 and 3 also included use of UVC-only methods in the mid-
channel areas of three sites (Sites 22,23,24; see Figures 3-2(c), 3-5 and 3-6(a). These treatments
continued for three years with the exception of Site 23, which was not treated with UVC in 2023
due to lack of resources. The UVC-only treatments were repeated 3 to 4 times during June to
October in order to sustain control of AIP. The duration of UVC light-array exposure varied from
5 minutes to 15 minutes and included some overlap of exposed areas to ensure complete
coverage of AIP. Note that near-shore zone areas were not treated.

Another Group A method, Laminar Flow Aeration (LFA), was applied over the 3-year CMT in the

West Lagoon (Sites 25 and 26) and in Lake Tallac (Site 27) (Figures 3-5 and 3-2 (d)). In this

method, air is pumped from a land-based compressors to a series of submersed diffusers on the

bottom that produce streams of bubbles. The intent of FLA is to increase the level of DO near

the bottom and in the water column and potentially reduce available nitrogen and phosphorus that

can be released in low DO. LFA also mixes the water column, which can prevent the formation

of a temperature fAbarrierd or boundary between s
forms in mid-summer. The boundary often results in low DO near the bottom. The LFA CMT sites

were monitoring for temperature, DO and nutrients as well as the abundance and type of AIP

present.
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Herbicide - Only Applications
(a) Endothall (2ppm) or Triclopyr (1ppm)
Near-shore Near-shore
Dock Zone Dock Zone

Herbicide Applied to Entire
Area / Volume

VAN

MT Year
AN

"4 A%

Combination Herbicide and UVC Methods

Near-shore Near-shore
Dock Zone Dock Zone
Year 1: No Herbicide Applied in
Mid-channel and No UVC
AL
r N
Endothall or — m?MT ;earh1 . —] Endothall or
Triclopyr Applied — atgrmef’l’l = — Triclopyr Applied
in Near-shore Zone \ i /—/ in Near-shore Zone

UVC Only Method

(C) Near-shore Near-shore
Dock Zone Years 1, 2 and 3: Dock Zone
UVC Treatment in Mid-channel
AL
s M

l,

Treatment Boat

e

Lamp Array
UVC Light T A A e

Laminar Flow Aeration (LFA) Method:

(d)

Near-shore Near-shore
Dock Zone Dock Zone

LFA Applied in Mid-channels
Years 1,2, 3

Clusters of
Small Air Bubbles

Air Diffusers Connected

to On-shore Compressors %
Figure 3-2. Design for implementing CMT Group A methods in West Lagoon CMT sites. (a) Herbicide
applications to entire site (Year 1 only); (b) Combination methods: Herbicide applications in near -
shore zones only in Year 1, and UVC treatmentsin ~ mid -channels Years 2 and 3; (¢) UVC Only in mid -

channels (Years 1, 2 and 3 );(d) LFA in mid -channel sections of sites (Years 1, 2 and 3) (See Figure
3-5 for locations of the Group A methods.)
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Figure 3-3. Example (aerial view) of CMT Combination site: UVC was used in mid -channel area
(Years 2 and 3); Endothall or Triclopyr was applied to the near -shore zone area in 2022.

In CMT Year 2, non-herbicide Group B methods were used in the Group A sites with 75% AIP
reductions to determine if these methods could sustain control of the AIP. For Year 3, Group B
methods were continued, or modified in size or location, to further assess their ability to maintain
75% AIP reduction. Refer to Appendix F. Record of Treatment Intervals for details regarding the
timing of the UVC, DASH, and BB treatments. The Group B site locations are shown in Figures
3-7 and 3-8. Examples of Group B treatments are provided below in Section 3.3.

The herbicides Endothall and Triclopyr were selected for testing because they have been widely
used for several decades in similar mid- to high elevation lakes in the western United States to
manage the target AIP in similar habitats. These herbicides were approved for this type of use by
the U.S. EPA and California Environmental Protection Agency (CalEPA) over 40 years ago and
they have been reviewed and re-registered periodically as required by US EPA.

These herbicides have little to no effect on Elodea (Elodea canadensis), a beneficial native plant

at Lake Tahoe. Triclopyr is highly selective for controlling Eurasian watermilfoil, but does not affect

Coontail. (Note that Curlyleaf pondweed is not listed as a plant controlled by Triclopyr on the

current product labeling. However, the data generated in the CMT strongly suggests that Triclopyr

provided excellent control of Curlyleaf pondweed.) Endothall controls all three target AIP.

Triclopyr was included in the CMT because this herbicide moves from exposed shoots and leaves

of Eurasian watermil foil into the pl atetmcentrol. oot s a |
In contrast, Endothall primarily only affects the above-ground plant parts directly exposed to the

herbicide. The data for these observations are provided in the Annual Efficacy Reports (See

Appendix A).

In addition to the selectivity -loiff ddthe(skeasheed borci pe
records) of a few days for Endothall and 7 to 10 days for Triclopyr suggested that their effective
concentrations (dose) would be limited in time, but with adequate contact time to control the target
AIP. As indicated in this report, the half-life was much longer than the projected half-life. In addition
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to the predicted relatively shorthalf-l i fe of these herbicidesbd
double-curtain barriers at strategic locations were designed to further ensure that the herbicides
would not reach Lake Tahoe (See Section 3.4).

Group A methods (including herbicides, LFA and UVC) have limitations and potential/known
environmental impacts that affect some native plants, release nutrients following degradation of
targeted AIP, and potentially stimulate algal growth, including cyanobacteria, which can result in
HABs (Table 3-1). However, proper use of these methods, and adherence to EPA and Cal/EPA
aquatic herbicide labeling, coupled with proper training of applicators, can minimize the likelihood
of adverse effects.

act

Table 3-1. Summary of Group A Methods Use and Limitations

Habitat

Selectivity

Frequency of Use

Potential Water Quality
Effects

Aesthetic and Social
Acceptance

Monitoring Actions

Permits or Approvals

uvC

Best efficacy and efficiency in
Mid-channel, open areas;
very poor efficiency and lack
of access in near-shore
zones

Non-selective, but some
submersed plants may be
less sensitive to UVC

Three to-four-week intervals
(shorter intervals are better)
Used during entire AIP
growing season.

Nutrient release from
decomposing AlIP. Potential
brief increase in turbidity near
UVC lamp arrays.

Generally good; potential
navigational interference.

Turbidity during operation;
post-treatment nutrient
sampling; dissolved oxygen.
TKPOA, Vessel Registration

LFA

Mid-channel areas; not
suitable for shallow, near-
shore zones due to potential
dislodging by boats and
swimmers

May affect algae but does not
affect or reduce AIP

Continuously in use all year.

Usually improves dissolved
oxygen levels and mixes
water column.

Air compressor noise
requires expensive acoustic
shielding

Maintenance of air
compressor and diffusion
systems.

TKPOA, ACOE

Herbicides

Use in mid-channel or near-
shore zones equally well.

Depends on herbicide used;
Endothall and Triclopyr are
selective for control of AIP in
the Keys lagoons.

One time in spring and
possibly one time in fall.
Each herbicide application
takes 1 to 2 days.

Release of nutrients from
decomposing plants; spills or
potential movement from
treatment areas

May restrain vessel
movement during
applications; may require
closing areas during
applications

Herbicide active ingredient
levels; nutrient sampling post-
application; dissolved oxygen
NPDES (Lahontan), TRPA,

Required Certified Applicator, Certified

analytical laboratory, Vessel
registration.

3.3 Group B (Non -Herbicide) Follow -up Methods

Non-herbicide AIP control methods were incorporated in the CMT to determine if successful
reduction in AIP abundance achieved by the one-time (Year 1) herbicide applications or by UVC
or LFA could be sustained in the following two years. Four Group B methods were chosen to
assess effectiveness and applicability to the scale of the CMT test sites (Table 3-2).

The four Group B methods have limitations and potential or known environmental impacts
including practical scale (infestation size) or area (e.g., below docks) of use, and potential
detrimental effects on water quality, desirable native plants (such as Elodea canadensis), and the
benthic environment (Table 3-2). As with Group A methods, Group B methods were replicated in
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several sites to obtain data on their ability to control targeted AIP in both near-shore zones and
mid-channel areas. As part of the adaptive design of the CMT, Group B methods could be
adjusted in size, type and location based on monitoring of AIP populations. Detailed descriptions
of these methods are described in the Quality Assurance Project Plan (QAPP) (See Appendix A).

Table 3-2. Summary of Group B Methods Use and Limitations

Habitat

Selectivity

Frequency of Use

Potential Water
Quality Effects

Aesthetic and Social
Acceptance

Monitoring Actions

Permitting or
Approval Required

Diver Assisted
Suction Harvesting
(DASH)

Near-shore zones and
some mid-channel
areas

Partially: Best when
visibility is good.

Two-to-four-week
intervals (shorter
intervals are better)

Turbidity, benthic
organisms, AlIP
fragment releases

Generally good;
requires safety
precautions for divers
and signage and
security

Turbidity, capture of
AIP fragment; rake
sampling for efficacy

TKPOA, Divers
Certifications, Vessel
Registration

Bottom Barrier

Near-shore zones and
some mid-channel
areas

No selectivity: Usually
kills plants beneath the
barrier may kill or harm
invertebrates beneath
barrier

Usually, one time
installation in Spring
and removal in fall

Reduced or zero DO
beneath the barrier,
temporarily removes
habitat for benthic
organisms.

Transient interference
with near-shore zone
use during installation
and removal

Integrity of barriers,
post-removal turbidity,
macrophyte efficacy

TKPOA, WDR's; Diver
Certifications;
maximum 5 acres.

Spot-UvC

Mid-Channel areas;
some accessible near-
shore zones

No selectivity: Usually
kill plants that are
exposed to the UVC

Two-to-four-week
intervals

Release of nutrients
from decomposing
plants; detrimental to
desirable native
plants.

May disrupt vessel
access periodically

Turbidity, Nutrients,
macrophyte efficacy

TKPOA, Vessel
Registrations

Sequential (post -
barrier removal
DASH or UVC)

Locations where
Bottom Barrier were
placed and removed

DASH: Yes, if visibility
is good. UVC: No
selectivity.

One or two times after
Bottom Barrier
Removal

DASH: AIP fragment
release; UVC: Release
of nutrients from

decomposing plants

Limited effects due to
short duration of
activity and declining
recreational

DASH: Turbidity and
Macrophyte efficacy
UV: Nutrients and

TKPOA, Diver
Certifications, Vessel
Registration

3.4 Mitigation Designs and Actions

To ensure that no herbicide or herbicide degradant was able to reach Lake Tahoe, strategically
placed double-turbidity curtains were installed to restrict water flow from treated areas toward the
main open water area in the West Lagoon and toward the West Channel (see Figure 3-4). The
curtains effectively partitioned the West
one boating excluded area in the Lake Tallac Lagoon area C (Figure 3-4). The plan was to remove
the curtains about a month after herbicides were applied, depending on monitoring results. For
reasons discussed in the Results (Section 5), curtains remained in place until late September.

In addition to turbidity curtains, and as another precaution to prevent herbicides from entering
Lake Tahoe, applications were only made during net lake level rise with inward flow of water from
Lake Tahoe through the West Channel into the West Lagoon. Snowmelt runoff from streams
feeding Lake Tahoe (CNRFC 2022) and net flow of water from Lake Tahoe into the Keys through
the West Channel was monitored to ensure net flow occurred when herbicides were applied.
(Appendix A)
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During herbicide applications, a Spill Response Team was deployed near each of the application
sites to contain cleanup of any possible spills. Note: No spills occurred during any of the herbicide
applications. To mitigate observed declines in DO, contingency aeration systems were deployed
in each herbicide application site (see Appendix A). As determined from DO monitoring, limited
(transient) instances of depressed DO occurred during the herbicide applications, but substantial
reductions in DO were measured from one to three months following the herbicide applications.
Data suggested that this was the result of limited mixing of the lagoons, increased summer
temperatures, and seasonal plant senescence typical in the lagoons (See Appendix G. Dissolved
Oxygen Evaluation Report). This pattern of mid- to late-season drops in DO in the lagoons was
also documented in the years preceding and following the herbicide applications, as well as in
areas where no herbicide applications or other CMT treatments occurred (See Section 5.2).

Measuring flow in West Channel Spill Contingency Team [l

3.5 Ensuring Objective and Reliable Data Collection and Analysis

Errors in data coll ecti on a nndtrumanmtatibrnyaseinad yncommonii f al s e ¢
in complex, multiyear field projects such as the CMT. However, the CMT design and the permitting

compliance requirements together minimized the potential for these occurrences through careful

instrument calibrations, records of field activity, data recording, reviews of monitoring data and

actions, a Quality Assurance Project Plan (QAPP), and the use of AChain of
forms for all samples sent for laboratory analysis. These actions ensured the integrity of the CMT

monitoring program. Only certified/licensed Laboratories, laboratories approved by the Lahontan

Water Board and TRPA, were contracted to conduct analyses for nutrients, herbicides (and their

degradants), and HAB-forming cyanobacteria and cyanotoxins. The annual reporting was

reviewed by multiple agencies and project partners including TKPOA, TRPA, The League, and

individual contractors.

The CMT also incorporated several actions to help ensure consistent data collection, data
interpretation, and conclusions. With the range of habitats in the Tahoe Keys lagoons, the
variation in AIP populations, and the year-to-year changes in water levels and other environmental
conditions, the CMT was designed as an adaptive test approach to allow for necessary
adjustments over the three-year project (2022-2024). The methods tested were replicated at three
sites for each Group A method and at least 3 areas for each Group B method. Locations were
selected to provide representative conditions of AIP presence and abundance. Replicated
untreated i r e f e rCentral sités were established and monitored to compare untreated AIP
areas with areas treated by CMT methods (see Figure 3-5). The control sites also provided
valuable information on seasonal changes in AIP and on their response to changes in water
depths.
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The emphasis on objectivity in data collection for efficacy, herbicides, nutrients, and water quality
is reflected by the use of independent contractors to monitor the level and movement of herbicides
(and their degradation products), conduct nutrient sampling and the physical rake sampling and
assessments of CMT method efficacy, and collect continuous data on DO and temperature with
data loggers (See Section 4.0).

3.6 Implementation of CMT Methods

The testing of the various methods required a broad range of contractors and logistical
coordination with the monitoring entities. The Lahontan and TRPA EIR/EIS and permits specified
timing and frequencies for mitigation, monitoring, and reporting of each of the test methods.
Presented below are summaries for Group A and Group B methods.

3.6.1 Group A Herbicide Applications and Mitigations

The CMT sites for the one-time herbicide applications, UV Only treatments, and continuous LFA
operations were selected to represent the range of AIP populations and habitat types from open

water ar eaesndtoo chlodveeasd wi t hin the West Lagoon.

site in Lake Tallac within an area excluded by a double turbidity curtain barrier to assess its
effectiveness in this stormwater basin setting. The locations of Group A Endothall and Triclopyr
herbicide application sites are shown in Figure 3-4 and summarized in Table 3-2.

Herbicide applications were made as permitted beginning on May 25, 2022. Applications were
istagger edd ev eengure rogerewater dyjaality and herbicide monitoring was
conducted (i.e., no herbicides were applied on May 26, 28, or 30, 2022).

The key mitigation action for herbicide application was installation of double turbidity curtains to
restrict the potential movement of herbicides from the West Lagoon toward Lake Tahoe and away
from the treatment area in the Lake Tallac Lagoon. The curtains in the West Lagoon were also
delineated with physical barriers (ABoating
4). A temporary boat ramp was installed in
West Lagoon to provide launch points that enabled monitoring crews and their boats safe
unobstructed routes to monitoring locations. Other adjustments were made in response to
extreme winds partially dislodging two sets of double turbidity curtains within a few days after
herbicide applications. An additional set of curtains was installed adjacent to one location, and
reinforcement of the second curtain anchorage was completed. These events are further
described in the CMT Year 1 Annual Report (Appendix A). Appendix D of this report evaluates
the limited transient effects of the herbicide movement that temporarily extended beyond the
curtain boundaries.
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Temporary boat ramp installed for
access to CMT sites behind
turbidity curtains.

CONTROL METHODS
TEST IN PROGRESS

NO BOAT A E N
WATER ACTIVITIES inside
treatment areas

For additional information:

. 530-542-8444 EDTI 0

@www.tkpoa.com ok

Over the course of the CMT, adjustments were made to all methods to accommodate changes in
the conditions of the Tahoe Keys West Lagoon and Lake Tallac Lagoon. Another major
adjustment was extending the deployment of turbidity curtains to over three months due to longer
than expected degradation times for Triclopyr to reach non-detect levels. Typically, Triclopyr has
a half-life of 7 to 10 days and is degraded by light (photodegradation). However, due to increased
turbidity in Triclopyr-treated sites, photodegradation was impeded which prolonged the time
needed to reach non-detect levels (1 part per billion) to over 100 days. In compliance with the
NPDES permit, curtains were left in place until neither Endothall nor Triclopyr were detectable in
the water.

Homeowners were notified of activities through a variety of methods including individual emails,
door hangerd notices, and si gn aThpeplapredsSpileRéspanser o u g h o u
Team completed the Rapid Response preparedness plan and deployed response equipment
during all herbicide applications. No spills occurred. Aeration devices were activated in each

CMT/Herbicide site from June 27" to July 7" in 2022 to mitigate depressed DO in the lagoons.

Table 3-2. Summary of One -time Herbicide Applications (Year 1, 2022).

Site Number Treatment Herbicide (i nZFég:ftlziit?aat:g n) Application Date Application Day
8 Herbicide only Triclopyr 1.0 ppm 5/25/22 1
9 Herbicide only Triclopyr 1.0 ppm 5/25/22 1
15 Combination Endothall 2.0 ppm 5/25/22 1
No Applications 5/26/22
1 Herbicide only Endothall 2.0 ppm 5/27/22 2
2 Herbicide only Endothall 2.0 ppm 5/27/22 2
3 Herbicide only Endothall 2.0 ppm 5/27/22 2
No Applications 5/28/22
5 Herbicide only Triclopyr 1.0 ppm 5/29/22 3
10 Combination Endothall 2.0 ppm 5/29/22 3
11 Combination Endothall 2.0 ppm 5/29/22 3
No Applications 5/30/22
12 Combination Triclopyr 1.0 ppm 5/31/22 4
13 Combination Triclopyr 1.0 ppm 5/31/22 4
14 Combination Triclopyr 1.0 ppm 5/31/22 4
19 (Lake Tallac) Herbicide only Endothall 2.0 ppm 5/31/22 4
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(Source: TKPOA APAP Amendment 2 dated May 24, 2022 and Aquatechnex Report) *Note: All applications were done in concert with the injection of Rhodamine

WT tracer dye (<10 ppb), which was monitored using a flow-through fluorometer to detect potential movement of herbicides. (Appendix A for access to this
report.)
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Figure 3-4. Boating restricted areas (A,

B, C) during deploymenf of turbidity curtains. Note: At Sites
1, 3, 13, and 14, culvert plugs were installed to prevent water movement in or out of the Sites into
untreated areas or toward Lake Tahoe.
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Figre 3-5. Site Locations of Group A Methods: Herbicides, uv
Control sites.

3.6.2 Group A UVC , LFA, and Group B Spot-UV Treatments

Two vessels, equipped with arrays of UVC LED lamps, were used to expose target AIP with UVC
light. One boat was 16 feet wide by 20 feet long and the second was 16 feet wide by 40 feet long.
In Year 1, treatments were applied in 15-minute increments. In Year 2, the duration of UV
treatments varied from 5 to 10 minutes. Year 3 treatments were refined to improve coverage and
treatment efficiencies by increasing the frequency of re-treatments to every 3 to 4 weeks

The lack of access to near-shore zones restricted the UVC treatments to mid-channel areas only
(i.e., for UVC Only Sites 22, 23, and 24, and UVC Combination Sites 10, 11, 12, 13, 14 and 15)
(Figure 3-5). In Years 2 and 3, the duration and overlap coverage of UVC treatments were
improved. For UVC Combination sites and Spot-UV treatments, UVC was used at 3- to 4-week
intervals. The detailed polygons showing all UVC treatments are available in Appendix A (IRl UV
Report). Examples of UVC Only (Site 22), UVC Combination (Site 13), and Spot-UV (Site 1)
treatments are shown in Figure 3-6. The implementation methodologies for UVC treatments
varied as operator experience and results informed future treatments to improve efficacy.
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LFA systems consisted of shore-mounted compressors used to inject air under pressure through
air lines to diffusers anchored to the bottom of the lagoons. The ejected small air bubbles passing
from the diffusers have two main effects on the conditions of the water column: increased DO and
increased vertical mixing. These changes in conditions are thought to substantially facilitate the
degradation of loose, bottom organic material as well as reduce the availability of nutrients in the
water column, which in turn may reduce the production of cyanobacteria that can produce HABS.
Arecord of the cyanotoxins and cyanobacteria detected during the CMT can be found in Appendix
H. Cyanobacteria and Cyanotoxin Record. There have also been claims that LFA, by affecting
nutrient availability, can also lead to the reduction of AIP biomass. LFA systems were installed in
two sites in the West Lagoon (Sites 25 and 26) and one site in Lake Tallac (Site 27) to determine
if they measurably affected organic bottom materials, nutrients or AIP (Figure 3-5). Monitoring for
LFA effects is described in Section 4.3, and in Appendix A (QAPP).
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Flgure 3-6. Example of UV C Treatment areas; (a) UV C Only (Site 22) (b) Spot -UV treatment (Sltel)
(c) UVC Combination (Site 13). Note that the near-shore zone areas did notreceive UVC treatments.

3.6.3 Group B DASH Implementation

This method relies on diversd ability to i
materials and guide the removed plants to a suction hose. The hose draws the plants to an on-
board or floating mesh (net) bag that retains the intact plants and plant fragments. Periodically
the bag is emptied into a large pail and disposed off-site. Since the bottom is disturbed, monitoring
of turbidity is required, and DASH stops if turbidity rises higher than 10% of starting levels.

The efficiency and efficacy of DASH is affected by both water clarity (diver visibility) and density
of the AIP plants: clear water and sparse plant densities are optimal. However, those ideal
conditions are not common in the Tahoe Keys lagoons. For this reason, DASH efficacy may vary
considerably by season (with typical changes in turbidity) and may also be affected by the repeat
frequency. More frequent DASH should result in progressively more efficient AIP removal since
less time is available for plants to re-grow, or for plants from adjacent untreated areas to move
into diver-cleared areas. An advantage of DASH is the removal of reproductive structures such
as the turion produced in spring by Curlyleaf pondweed. For example, counting the DASH-
removed turions in Year 3 showed that Curlyleaf pondweed produces hundreds of thousands of
these reproductive propagules per acre. (See Section 11.2).
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"2 DASH Team

Diver hand-harvesting
AIP

3.6.4 Bottom Barrier Implementation

Bottom Barriers are used to completely block light, oxygen and rooting habitat for AIP such as
Eurasian watermilfoil and Curlyleaf pondweed. Note that Bottom Barriers are not expected to
exclude Coontail because this plant does not have roots and can freely grow and move with wind
and currents in the water above or next to the bottom. Table 3-4 summarizes the deployments of
Bottom Barriers during Years 2 and 3. Details of Bottom Barrier effectiveness are also in prior
annual reports and supplemental reports (Appendix A Bottom Barrier Supplement Reports Year
2 and 3).

The locations of 2022 Group A treatment sites are shown in Figures 3-5, 3-7 and 3-8. Locations
of Group B sites and treatments are shown below in Figures 3-7 and 3-8 for Years 2 and 3,
respectively.
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Figure 3-7. CMT Group B areas in Year 2 (2023). Note the map also shows Year 1 (2022) Herbicide
applications sites and UV  C Only sites
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3.7 Summary of CMT Methods Implementation

Group A methods were used in Year 1 followed by Group B methods in Years 2 and 3, and non-

herbicide Group A methods (LFA and UVC Only) were continued into Years 2 and 3. Originally,

Group A UVC Only treatments (Sites 22, 23 and 24) were limited to the initial year (2022), but

were then added as continuing non-herbicide Group A methods in Years 2 and 3. Table 3-3
provides an overal/l summary of fAas treat €alhl®é Gr oup
3-4 provides details of all the Group A sites, methods employed, and size of each treatment. As

part of the CMT adaptive approach, in Year 3 additional DASH and Spot-UV treatments were

made after the removal of the BBs in some sites (Table 3-3 and Table 3-5). These treatments

were intended to stop the AIP re-infestation of areas previously covered by barriers.

Note that herbicide application areas for Combination sites included only the near-shore zones,
not the entire site. The Group B methods implementation summary in Table 3-5 shows
adjustments to sites and sizes of sites made between Years 2 and 3, and shows that 6 sites were
used for the adaptive management sequential (Post BB removal) DASH or UVC treatments.
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Table 3-3. Summary of CMT Group A and Group B Methods
Group A and B Methods Year 1 Year 2* Year 3
Total Group A Acreage 32.97 16.90 18.37
Total Group B Acreage 0.00 3.43 6.05
Total Sequential Treatment Acreage 0.00 0.00 0.70
Total CMT Treatment Acreage 32.97 20.33 25.12

*Note: Reduction of Group A acreage in Years 2 and 3 is because no Group A herbicide methods were used in Year 2 or Year 3.
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Table 3-4. Summary of CMT Group A methods (Years 1, 2, and 3)

Total CMT Site
CMT Treatments CMT Site | Sq.ft. (APAP | Year1Sq.ft. | Year2 Sq.ft. Year 3 Sq. ft.
1)
Group A Treatments
16 78,408 78,408 78,408 78,408
17 95,832 95,832 95,832 95,832
Control (No treatments) 18 65,340 65,340 65,340 65,340
20 43,560 43,560 43,560 43,560
21* 43,560 43,560 - -
Total Control Square Footage 326,700 326,700 283,140 283,140
Total Control Acreage 7.5 7.5 6.5 6.5
1 65,340 65,340 - -
65,340 65,340 - -
Endothall Only
3 91,476 91,476

19 87,120 87,120 - -
Total Endothall Only Square Footage 309,276 309,276 0 0
Total Endothall Only Acreage 7.1 7.1 0 0
10 87,120 30,492 - -

Endothall Combination
(Shoreline only) 1 69,696 21,780 . -
15 52,272 17,424 - -
Total Endothall Combo Square Footage 209,088 69,696 0 0
Total Endothall Combo Acreage 4.8 1.6 0 0
Total Endothall Treatment Acreage 11.9 8.7 0 0
95,832 95,832 - -
Triclopyr Only 8 69,696 69,696 - -
65,340 65,340 - -
Total Triclopyr Only Square Footage 230,868 230,868 0 0
Total Triclopyr Only Acreage 5.3 5.3 0 0
12 82,764 30,492 - -

Triclopyr Combination
(Shoreline only) 13 43,560 21,780 ' '
14 43,560 13,068 - -
Total Triclopyr Combo Square Footage 169,884 65,340 0 0
Total Triclopyr Combo Acreage 3.9 1.5 0 0
Total Triclopyr Treatment Acreage 9.2 6.8 0 0
10 87,120 39,204 39,204 40,349
11 69,696 29,620 29,620 30,259

UV-C Combination

(Mid-channel only)™* 13 43,560 - 21,780 17,095
14 43,560 - 17,424 20,204
15 52,272 28,255 - 28,255
Total UV-C Combo Square Footage 296,208 97,079 108,028 136,162
Total UV-C Combo Acreage 6.8 2.23 2.48 3.13
22 65,340 32,349 32,349 32,349
UVC Only (Mid-channel Only)*** 23 69,696 35,860 - 35,860
24 78,408 33,992 33,992 33,992
Total UV-C Only Square Footage 213,444 102,201 66,341 102,201
Total UV-C Only Acreage 4.90 2.35 1.52 2.35
25 178,596 178,596 178,596 178,596
LFA 26 265,716 265,716 265,716 265,716
27 117,612 117,612 117,612 117,612
Total LFA Square Footage 561,924 561,924 561,924 561,924
Total LFA Acreage 12.9 12.90 12.90 12.90

*Site 21 was eliminated as a Lake Tallac Control Site due to the movement of Endothall into that site.
*Assumed Years 1 and 2 UVC Only square footage based on calculations in Year 3.
*»**Assumed Year 1 UVC Combination square footage based on calculations in Years 2 and 3.
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Table 3-5. Summary of Group B Treatments and Sites (Years 2 and 3).

Total CMT Site
CMT Treatments CMT Site | Sq.ft. (APAP | Year1Sq.ft. | Year2Sq.ft. | Year3 Sq.ft.
1)
Group B Treatments
3a 91,476 - 4,078 7,439
5a 95,832 - 2,305 -
8a 69,696 - 6,305 6,305
9a 65,340 - - -
10a 87,120 - 3,068 3,067
Bottom Barriers (BB) 10b See above - - 6,006
1la 69,696 - 2,538 2,538
13a 43,560 - 2,489 4,022
14a 43,560 - 2,343 3,018
19a 87,120 - 4,418 -
26a 265,716 - 3,614 3,614
26b See above - 1,770 3,975
Total Bottom Barriers Square Footage 919,116 0 32,928 39,984
Total Bottom Barrier Acreage 21.10 0.00 0.76 0.92
la 65,340 - 3,566 3,566
1b See above - - 2,407
2a 65,340 - 5,770 5,770
3a 91,476 - 2,897 4,844
5a 95,832 - 6,205 8,746
5b See above - - 2,444
8a 69,696 - 1,775 1,247
9a 65,340 - 2,327 1,466
10a 87,120 - 2,259 2,259
DASH 10b See above - 1,995 4,146
1la 69,696 - 2,314 2,314
11b See above - 2,316 4474
13a 43,560 - 1,889 3,473
14a 43,560 - 1,816 2,791
19a 87,120 - 3,048 -
19b See above - 6,100 -
26a 265,716 - 2,171 2,171
26b See above - 2,393 4,420
Total DASH Square Footage 1,049,796 0 48,841 56,538
Total DASH Acreage 24.10 0.00 1.12 1.30
la 65,340 - 8,874 13,702
2a 65,340 - 5,426 39,045
Spot-Uv 3a 91,476 - 10,829 16,475
5a 95,832 - 7,707 29,558
9a 65,340 - 25,560 18,256
26a 265,716 - 9,028 49,851
Total UV-C Spot Square Footage 649,044 0 67,424 166,887
Total UV-C Spot Acreage 14.90 0.00 1.55 3.83
Sequential Group B Treatments
8a 69,696 - - 6,305
BB then SpotUv 10a 87,120 i - 3.067
Total BB then UV Square Footage 156,816 0 0 9,372
Total BB then UV Acreage 3.60 0.00 0.00 0.22
3a 91,476 - - 7,439
10b 87,120 - - 6,006
BE then DASH 26a 265,716 i - 3614
26b See above - - 3,975
Total BB then DASH Square Footage 444,312 0 0 21,034
Total BB then DASH Acreage | 10.20 0.00 0.00 0.48
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4.0 MONITORING PROGRAM

The CMT included extensive environmental monitoring consistent with Lahontan Water Board
and TRPA permits. Details of the monitoring requirements are in the Aquatic Pesticide Application
Plan (APAP), Mitigation Monitoring and Reporting Program (MMRP), and the Monitoring and
Reporting Program (MRP). (See Appendix A). Tables 4-1 and 4-2 summarize the monitoring
methods, what entity was responsible for each monitoring activity, and the number of data points
generated over the CMT project period.

For the CMT, monitoring completeness ranged from 90 to 98% depending on the year. The
reasons for most gaps in monitoring were loss (e.g., boat encounter or dislodging and destructive
bear behavior) or malfunction of the loggers that recorded hourly DO and temperature. In some
instances, gaps in data could be filled by the data from weekly mid-depth water quality monitoring
using a hand-held sonde device. The locations of monitoring stations and types of monitoring are
summarized in Figure 4-1. The following sections briefly describe key monitoring methods.

¢ Contingency Montoring Locations Tahoe\Keys Lagoons Year 1 Control Methods Test o & e Doublo Turbidity Curtain
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Figure 4-1. CMT monitoring station locations for Year 1 Group A Sites (Herbicides, UV C Only and
LFA). Yellow dots indicate water quality monitoring stations. Red dots are nutrient sampling
stations. The double yellow/red line  indicates double turbidity curtains
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4.1 Herbicide and Herbicide Degradants (Endothall and Triclopyr)

High frequency replicated sampling of water inside and adjacent to herbicide applications was
conducted by independent contractors (Table 4-2). Rhodamine Water Tracer (RWT) Dye was
applied with each herbicide application and the dye movement and concentrations could be
monitored in real-time using hand-held meters. Water samples were taken before and after
herbicide applications within each herbicide site (see Table 4-1). In addition, If RWT was detected
outside of an application site, or if RWT was detected outside a containment curtain, then water
samples were taken for laboratory herbicide analysis.

Monitoring for RWT continued for extended time periods when RWT was detected, and further
water samples were then taken for herbicide analysis. Water samples were taken and herbicide

concentrationswereanal yzed udedti dctad filneowmne | resulted from

taken 24 hours apart. A complete report of Year 1 herbicide monitoring is available in Appendix
A (Sediment Monitoring Report).

4.2 Water Quality Monitoring

Standard, calibrated hand-held data sonde
equipment was used to obtain mid-depth water
turbidity, temperature, DO, specific conductivity,
pH, and oxidation reduction potential (ORP).
(See Table 4-1 for frequency of sampling). In
addition to the sonde equipment, TKPOA
deployed anchored, recording DO and
temperature loggers near the surface and bottom
of each CMT site. Loggers were downloaded
weekly by a TRPA contractor, and, from that
data, weekly average DO and temperatures were
generated, stored as Excel files, and used to
develop graphical summaries (Table 4-1).

TKPOA crew conducting water
quality measurements

4.3 LFA/Bottom Organic Materials

Twice annually, the effects of LFA on bottom organic sediment were assessed. Methods to assess
changes in organic sediment were expanded in Year 1 to include mesh bags containing a
blended, measured volume of organic sediment that was then analyzed in Years 2 and 3 for
changes in volume and nutrients based on laboratory analyses. The final sampling of mesh bags
will be in spring, 2025 and a supplemental report will summarize results. The monitoring methods
were as follows:
(a) The depth of organic sediment that accumulated on metal plates fixed to the bottom of the
lagoons was measured by a diver.
(b) Staff gauges attached to dock pylons provided a fixed baseline for divers to measure
changes in the depth of bottom sediments.
(c) Replicated mesh bags filled with uniformly composited and weighed bottom materials
were placed on anchors near the bottom. Replicate bags from each site were removed in
spring and fall of 2023 and 2024 and spring of 2025. Contents of the bags were sent to a
laboratory for analysis of percent organic matter, TN and TP. The intent of this method
was to determine if exposure to LFA conditions affected organic content or nutrient levels.
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4.4 Macrophyte (AIP) Abundance and Species Occurrence Monitoring

Determining the effectiveness of the Group A and Group B methods was one of the most
important monitoring components of the CMT. How these methods affected each AIP species
and desirable native species - and under what conditions - provides critically important information
to support the development of successful lagoon-wide management. Two well-established
methods were used to derive metrics that accounted for both the abundance of AIP and how each
species responded to the Group A and Group B methods: rake sampling and hydroacoustic
scanning.

4.4.1 Rake Sampling

Rake sampling requires a plant survey crew to 1) conduct == =
the sampling, 2) identify and record the species found and _
their relative abundance on the rake, 3) note the condition
of plants (plant f@Ahealnumke) |
of pl ants on t he rake,(See
Appendix |. Macrophyte Sampling Metrics). Each rake
sample location was georeferenced and the water depth
at the sampling point was recorded (Figure 4-2). When
present, in Year 3, the number of Curlyleaf pondweed
turions were counted and the length of shoots from
sprouted turions were also measured and recorded.
Typically, 30 rake samples were taken in each CMT site
every two weeks (about 30 samples per acre).

Approximately 10-12 samples were taken in near-shore
zones, and 16 to 20 samples were taken in mid-channel
CMT areas. For each year of the CMT, over 7,000 rake samples were taken and each sample
produced five data points (Table 4-2). The high frequency and intensity of AIP rake surveys
provided a critically important basis for evaluating effects of Group A and Group B methods and
assisted with selecting locations for the Group B target areas. The rake sampling and counts of
Curlyleaf pondweed turions were critically important because turion production and turion
dispersal drive the reinfestation of CMT treatment areas and continuing expansion of Curlyleaf
pondweed both in the Tahoe Keys lagoons, and in Lake Tahoe. (See Section 10.0)
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Near-shore

Near-shore .
zone sampling

zone sampling Mid-channel sampling

FigL-Jre 4-2. Depiz:tion of macropﬁyte survey rake sampling- in near -shore zone and mid-channel
areas.
4.4.2 Hydroacoustic Scanning
This method relies on the use of a specialized 0fs

frequency sound impulses downward through the water from a boat-mount ed A tor alnhseduc er
returning (reflected) sound is then used to detect the presence of plants and determine, through

software applications, how much space (volume) the plants occupy in the water, termed plant

i Bi ov @Bparseeand low-height AIP populations have low biovolumes; dense and taller AIP

populations have high biovolumes. The system works| i ke a typi cal Afish finc
data generated are more detailed and can be wusec
graphically depict the relative amount (biovolume) of aquatic plants beneath or near the

transponder signals (Sobol et al. 2009).

This method can efficiently survey large areas for aquatic plants. However, these scans cannot
distinguish separate species, nor provide information on reproductive structures, such as the
turions produced by Curlyleaf pondweed, or flowers/seeds produced by both Curlyleaf pondweed
and Eurasian watermilfoil. TKPOA has used this system to track aquatic plants in the Tahoe Keys
for 10 years and scanned the entire West Lagoon and Lake Tallac every two weeks during the
CMT Project. An exampl e of aerafedie thetlatensanpmer ofgYean 1 is shown in
Figure 4-3. The high biovolume areas (red) are easily distinguished from low biovolume areas
(green), and the gradations between these extremes are evident (yellow).

443 Combining Rake Sampling and Hydroacoustic Scans

When the timing of hydroacoustic scans align with rake sampling events, their overlap can be

used to calcul ate an e sdByusiagtee dpedies pceurdanasobthined v ol u me
from the rake data, and the biovolume from scans in the same area and within a few days of rake

sampling, the individual species percent composition of, and volume contribution to, the overall

biovolume can be determined. (See Appendix J. Biovolume Metrics and Calculations).
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This metric is useful in estimating how each species affects the total impact (abundance) of AIP
on native plants, native fish habitat, recreational and aesthetic values, and where to focus
management resources. For a more detailed report on this approach and also to review an
evaluation comparing pre-CMT to post-CMT aquatic plant conditions, see the Biological
Restoration Report located in Appendix A.

Biovolume

E .
R

Data Source: Hydroacoustic
data from BioBase compiled
from 09/27/22 - 10/04/22
scans shown using equal
interval scaling.

g*

Intermediate
Biovolume
(Abundance) of AIP

High Biovolume
(Very Abundant)

‘ R, e S  Low Biovolume (Low

b ¥, 4 .33- <4 Abundance) of AIP

Figure 4-3. Example of heat map generated from hydroacoustic scan in September 2022. Areas
green (large white dashed boundaries) = very low AIP abundance. Areas in Red (small white dashed
boundaries=very high AIP abundance). Yellow areas (black dashed boundary) have intermediate
AIP abundance.
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Moni toring YearFrkquen Year 2 Fr e Year 3 Fr e
Herbicide RqWater Col umiN/ A Sedi m&dnyear
Degradant SgDAT, 1x/ weelk application
(water col unND
Sedi ment sanSedi ment: P
90L20DAT
RWT Dye Monilnside Curt {N/A N/ A
inside curtg3x/ week
receiving wgReceiving W
Contingency |every 48 ho
14DAT or unt
Contingency
detected at
stat i enosur 4
measur ement
N D
Spi |l PrevenStandby wit ][N/ A N/ A
Response equi pdentng
herbicide a
West ChannelEvery 30 miIN/A N/ A
Hydrol ogi¢c Ndurhegbicid
appliti on
Standard WQ |HerbiciCOel y|\|All Preeslixj{All Preesilx
teateas) Combnati €@antjuntil fal/l until fall
Pr e, 3 DAT,
unt il fall
LFA: 2x/ mont
Standard WQ|HerbiciCOrl y|N/A N/ A
test areas) |[Combnati @ant
PreDAB, 3x/ Y
until fall
LFA: 2x/ mon{
Continuous MHourly meas|{Hourly meas|{Hourly meas
(mi ni DOTs) Downl oaded Downl oaded Downl oaded
unt il fall unt il fall unt i | fall
Turbidity MgCurtains: PIBB and DASH|BB and DASH
during inst{3x/workday; |[3x/ wor kda-y;
24rours postlhour post m(hour post
el evated measur ement
Culvert Bladlx/ day insp(N/A N/ A
Turbidity 11
DASH Turion N/ A Coll ected di{Coll ected d
DASH treat m({DASH treatm
counted in counted in
Nutrient GrgHerbicide,- {Combnati @ant/Conbnati ant
Sampling 30 DAT, 1x/ vySpeltv Pre, 1Speatv  Pr e,
uwonl vy, 1x/ week untilx/ week unt
CombnatliZoD AT|UMOnl y: PrelUWOnl! y: Pre
1x/ week, uni{lx/ month, ujllx/ month, wu
LFA: 2x/ yealLFA: 2x/l yeallLFA: 2x/ yea
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Monitor.i

ng

YearFrkquen

Year 2 Fre

Year 3 Fre

Sampling

Cyanobacteri

Daily Obs./
2x/ month uni

Daily Obs./
2x/ mont h

Daily Obs./
2x/ mont h

Macrophy

t e

q

<

Her bi ciCDel vy
Combnati @ant

Her bi ciChel vy
Co nt Spoolt V

Her bi ciCDel vy
Co nt Spoolt V

Sampling

Pr e, 14DAT, DASH: Pr e, DASH: Pr e,
unt il 120DA12x/ month unt2x/ month wun
LFA: 2x/ yeaiBB: P68 BAR1 BB: P86 PAR1
2x/ month unt2x/ month wun
Conmbnati Bne,[Combnati Bne,
DAT, 1x/ mont DAT, 1x/ mont
LFA: 2x/yealLFA: 2x/yea
Hydr oacoustiPre, 2x/ mon{Pr e, 2x/ mon{Pr e, 2x/ mon
BMI Samplinglx/year; Si{tlx/year; Sit{lx/year; Si
sampl ed in sampl ed in sampl ed in
other in th{and fall; alonly; al/l o}
spring only|spring
Wel |l Water 9Pre, 2 -ibAdr [N/ A N/ A
sampling uni
Light | evel |[N/A mi-dune to miN/A
October; 1x
PAR ProfilinN/A mi-dune to mimi-dune to m
October ; 1x/0October; 1x
Muck Depth (N/A St eel Pl at e{St eel Pl at e
Pl ates, St af Staff Gages|Staff Gages
Mesh Bags) Mesh Bags: Mesh Bags:
Percent Orgglx/year 2x/ year N A
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Table 4-2. Summary of CMT Monitoring Data Points  Collected
Year1l | Year2 | Year 3 Tcgzlilnl?sta
Monitoring Activities (Responsible Entities) Dgta Dgta Data Monitoring
Points | Points | Points o
Activity

BMI (ESA) 168 168* 156* 492
Continuous WQ (miniDOTSs) (Stratus) 14,586 | 18,748 | 21,807 | 55,141
Cyanobacteria (TKPOA) 271 135 105 511
DASH Weight and Turions (TKPOA) - 68* 66 134
Herbicide Residue and Degradants and RWT Dye (Blankinship) | 3,600 | - 13** 3,613
Hydroacoustic Scans (TKPOA) 14 13* 13 40
Inspection of Turbidity Curtains/Culvert Plugs (TKPOA) 132 - - 132
Light Level (TKPOA) - 990 - 990
Macrophytes (ESA) 34,068 | 41,590* | 44,615 | 120,273
Muck Depth (TKPOA) - 96 101 197
Nutrients (ESA) 1,088 | 1,168 1,128 | 3,384
PAR Profiling (TKPOA) - 126 1,119 | 1,245
Percent Organic Matter (TKPOA) 8* 16 - 24
Standard WQ- Inside Test Areas (TKPOA) 17,460 | 10,169 | 11,622 | 39,251
Standard WQ- Outside Test Areas (ESA) 3,321 | - - 3,321
Spill Prevention and Response (Stratus) 13 - - 13
Turbidity- Curtains (TKPOA) 227 - - 227
Turbidity- BB (TKPOA) - 100 122 222
Turbidity- DASH (TKPOA) - 155 313 468
Well Water (Stratus) 138 - - 138
West Channel Flow (TKPOA) 90 - - 90
Year-end Completeness Percentage: 90% 98% 98% 95%
Total CMT Data Points: 75,184 | 73,542* | 81,180 | 229,906

*Indicates data point calculation/total was adjusted for comparison across years.

**Herbicide sediment sampling only.
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5.0 RESULTS OF PERMIT COMPLIANCE MONITORING

The Lahontan Water Board National Pollutant Discharge Elimination System Permit (NPDES)-
required monitoring data for all CMT years are included in each annual report (Appendix A). A
summary of those results is provided in the following sections.

5.1 Year 1 Herbicide Levels and Movement

Endothall and Triclopyr applications occurred in late May 2022, and all required follow up water
sampling and laboratory analyses for active ingredients and degradants (decomposition products)
completed. The 2022 annual report, which includes results from herbicide monitoring, water
guality monitoring and efficacy assessment results, was submitted in March 2023 and is
accessible in Appendix A (Year 1 CMT Annual Report). The key results from that report include
the following:

(a) Except for two transient storm events in June that partially dislodged some curtains, the
use of double turbidity curtains contained applied herbicides to the treatment areas. The
brief disruption of some curtains by storm events was quickly remedied within 24 hours,
and containment was sustained.

(b) Triclopyrdegr adati @det ect O n @b toaklosgerthan eppected (months,
not 1 to 2 weeks). This degradation timeline required that the turbidity curtains stay
installed until September per the NPDES Permit. Because Triclopyr degradation is
primarily light dependent, elevated turbidity and resulting in very low light levels likely
contributed to the slower degradation. The low light condition was probably prolonged by
the continued use of the curtains, which likelycr eat ed fAstagnant 0
algae growth.

(c) Endothall degraded to non-detect levels (5 ppb) within 45 days after applications.

(d) Aeration was deployed in herbicide sites to increase DO levels and to help accelerate
herbicide degradation.

(e) The use of both herbicides provided a 75% reduction in AIP abundance during Year 1
(See Section 6.0, and Appendix A (Efficacy Report for Year 1)).

() Monitoring of TKPOA drinking water wells (at 48-hour intervals from May 26, 2022 to June
14, 2022 showed no detection of the RWT Dye or herbicides.

(g) The use of RWT Dye was effective for real-time detection of potential herbicide presence
and movement, although dye concentrations did not always correlate with actual herbicide
concentrations.

(h) Bottom sediment sampling in Endothall sites detected Endothall in 2022 but follow-up
sampling in 2024 showed no detectable Endothall. Triclopyr was non-detect in the
sediment samples collected in 2022.

5.2 Water Quality Response to Herbicide Applications

The main effects of herbicide applications on water quality are summarized below. For a complete
record of all mid-depth sonde and miniDOT logger graphs generated for the project, refer to
Appendix K. Mid-depth Sonde Data Graphs and Appendix L. miniDOT Data Graphs.

(a) Turbidity. In Year 1, Endothall Only sites and Triclopyr Only sites had highly elevated
turbidity by mid-summer. Combination sites also had elevated turbidity, less than the
increases in the Endothall Only sites, but with a greater increase in the Triclopyr-
Combination sites (Figures 5-1 and 5-2). However, three-year synoptic data shows that
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untreated Control sites also showed elevated turbidity in subsequent years, and that
turbidity in sites previously treated with herbicides were similar to the untreated Control
sites in Years 2 and 3 (Figures 5-3 to 5-5). The increased turbidity in herbicide sites may
be attributed to the efficacy of Endothall and Triclopyr and resultant decomposition of AIP,
which releases nutrients and plant contents that drive the growth of algae. The transient
increases in turbidity in all sites, including Control sites in 2023 and 2024, may have
resulted from much higher spring inflows from the lake into the West Lagoon and
stormwater into the Lake Tallac Lagoon.

(b) Conductivity. Increased conductivity is associated with decomposition of submersed

(€)

aquatic plants and can reflect the seasonal release of cell contents during senescence.
Similarly, efficacious applications of aquatic herbicide may also elevate conductivity, which
occurred mainly in the Endothall Only sites and Triclopyr Combination sites (Figures 5-6,
5-7). However, these sites also had higher conductivity before herbicides were applied.
Note that Year 2 and Year 3 increases in conductivity reflected typical late season AlIP
decomposition in all sites. The very low water volume in 2022 likely resulted in overall
increased conductivity due to higher concentrations of released plant tissue constituents
compared with the following high-volume (elevated lagoon water level) conditions in 2023
and 2024).

DO. DO was depressed near the bottom of both the untreated Control sites and herbicide
treated sites (Figures 5-8 to 5-10). The decline in DO is somewhat a transient condition
since the targeted AIP produces oxygen during the day and, with AIP reduced abundance,
would be expected to decrease DO. The DO levels in untreated Control sites by mid-late
summer are a typical pattern when abundant aquatic plants begin to senesce naturally.
The low water volume in Year 1 probably further lowered DO, since the microbial activity
of decomposing of AIP biomass in the smaller volume would reduce DO. Notably, in Years
2 and 3, reduced DO was not observed in sites where herbicides had been applied in Year
1 (Figure 5-9, surface water). The three-month use of turbidity curtains likely exacerbated
and prolonged the degraded water quality conditions in general since normal water mixing
and transport were limited by the curtains (See Appendix G).

(d) Temperature. Besides seasonal day-length, the most consistent pattern in water quality

over the CMT period and between all CMT sites was water temperature. The temperatures
in Control sites are shown in Figure 5-11. By early to mid-May, temperatures are typically
above 15 degrees Celsius, which is sufficient to drive AIP growth, coupled with
lengthening daylight hours (Figure 5-11). However, even though spring temperatures were
nearly the same in all years, the very low water in Year 1 appears to have resulted in
surface water temperatures above 20 degrees Celsius during August compared with
Years 2 and 3 which had late summer temperatures below 20 degrees Celsius beginning
in early August. This pattern was consistent in all West Lagoon CMT sites and may have
also contributed to increased algae-generated turbidity (See Figure 5-3). None of the CMT
treatments affected water temperature except LFA, which reduced lagoon water
thermoclines (See Section 5.6).
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Comparison of Average Turbidity in
Sites 1, 2, 3 (Endothall) and 16, 17, 18 (Control)
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Figure 5-1. Year 1 turbidity in Endothall

sites.
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Comparison of Average Turbidity in
Sites 10, 11, 15 (Endothall + UVC) and 16, 17, 18 (Control)
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Comparison of Average Turbidity in
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Average Mid-depth Sonde Turbidity in CMT Control Sites (2022-

2024)
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Figure 5-3. Turbidity in untreated Control  sites during the CMT.
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Average Mid-depth Sonde Turbidity in CMT Endothall Only

Sites (2022-2024
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Figure 5-4. Turbidity in Endothall  Only sites (left) and Endothall Combination sites (right) during the CMT.
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Average Mid-depth Sonde Turbidity in CMT Triclopyr Only
Sites (2022-2024)
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Average Mid-depth Sonde Turbidity in CMT Triclopyr Combo
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Average Mid-depth Sonde Specific Conductivity in CMT Control
Sites (2022-2024)
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Figure 5-6. Conductivity in untreated Control sites during the CMT.
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Average Mid-depth Sonde Specific Conductivity in CMT Average Mid-depth Sonde Specific Conductivity in CMT
Endothall Only Sites (2022-2024) Triclopyr Combo Sites (2022-2024)
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Figure 5-7. Conductivity in Endothall  Only (left) and Triclopyr Combination site s (right) during the CMT.
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Figure 5-8. DO during the CMT in untreated Control sites: Left= near surface; Right=near bottom. Horizontal black line shows 5 mg/L lev el.
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Average Top Logger DO in CMT Endothall Only Sites
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Figure 5-9. DO during the CMT in Endothall
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Figure 5-10. DO during the CMT in Triclopyr
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Average Bottom Logger DO in CMT Endothall Only Sites
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Only sites: Left=near surface; Right= near bottom. Horizontal black line shows 5 mg/L level.

Average Bottom Logger DO in CMT Triclopyr Only Sites
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Average Top Logger Temperature in CMT Control Sites
(2022-2024)

2
g
2
< —0—2022
E v 2023
L
F -0 - 2024

Nooscc NS QdNog Qg NNST T d
) © S © PN @ D ©® ®© mmm‘—§§§
Week

Tahoe Keys Lagoons Aquatic Weed
Control Methods Test

Average Bottom Logger Temperature in CMT Control Sites
(2022-2024)
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Figure 5-11. Water temperature in untreated Control sites during the CMT: Left= near surface; Right= near bottom. Note sustain

temperatures above 20 Cin  August in Year 1.
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5.3 Nutrient Responses to  Herbicide Applications

In Year 1, the Herbicide-treated sites, especially Endothall Only sites, had elevated TP, TN and
phosphate OP (Figure 5-12). These increases were likely due to decomposition of target plants
during the weeks following herbicide applications. These conditions did not persist in Year 2 and
3 (See Appendix M. Nutrients Data Graphs). UVC treatments also resulted in elevated nutrient
levels in some sites for short periods (weeks) following the treatments. Triclopyr Only sites had a
similar pattern of increased nutrients, but the changes were less pronounced than in Endothall
sites (Figure 5-13). The smaller increases of nutrients in the Triclopyr sites may have been due
to the selectivity of this herbicide, which does not affect Coontail and thus would result in less AIP
biomass decomposing during 2022.
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Figure 5-12. Nutrient Levels during the CMT in Endothall Only sites (red bars) Compared to

Untreated Control sites (blue bars): (a) T P;(b) TN; (c) OP. Arrows show incidences of elevated
nutrient levels.
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Figure 5-13. Nutrient levels during the CMT in Triclopyr Only sites (green bars) Compared to
Untreated Control sites (blue bars): (a) T P;(b) TN; (c) OP. Arrows show incidences of elevated
nutrients levels.

54 Water Quality Responses to UVC Treatments

Sites 22 and 24 represent the longest UVC Only treated sites in the CMT (Years 1, 2, and 3). Site
23 received UVC treatments in Years 1 and 3 only and was not treated in Year 2 due to limited
resources for UVC treatments.

(a) Turbidity. There were no effects from the UVC treatment on turbidity when compared with
untreated Control sites (Figure 5-14 and Figure 5-3).

(b) Conductivity. UVC treatments did not affect conductivity, but these sites showed typical
late summer to fall increases in conductivity similar to untreated Control sites. The
increased conductivity was likely due to seasonal senescence of AIP (See Figure 5-6 for
Control site conductivity).

(c) DO. There were no effects from UVC on DO at the surface or near the bottom of the three
UVC Only sites when compared with untreated Control sites (Figure 5-15).

(d) Temperature. The arrays of UVC lamps have the potential for transferring heat to the water
when operating. However, continuous (hourly) measurements of near surface and near
bottom water temperatures in UVC treatment sites revealed no changes in temperature
compared to untreated Control sites (Figures 5-16 and see Control sites in Figure 5-11)
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Figure 5-14. Turbidity (left graph) and conductivity (right graph) during the CMT in UVC
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Average Mid-depth Sonde Specific Conductivity in CMT
UV-Only Sites (2022-2024)
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Average Bottom Logger DO in CMT UV-Only Sites
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Figure 5-15. DO during the CMT in UVC Only sites: bottom of the water column (left) top of the water column (right).
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Figure 5-16. Water temperatures during the CMT in UVC Only  sites: bottom of the water column (left) and top of the water column (right).
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