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ENDORSEMENT

The Chesapeake Bay Program Monitoring Subcommittee has reviewed the
assumptions and methods of data analysis used in this report and finds them
appropriate for the analysis conduc.:d. The findings of this report are consistent
with and supported by the analytical techniques employed.

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
CSC MN1B.9/92 o B Pagei



COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Pageii W CSC.MN1B.9/82



TABLE OF CONTENTS

EXECUTIVE SUMMARY ...ccciritiiininsnnntinisinitimisssenimmmsiscissassssmrssssssssseieessssstnsssssss Xt
INTRODUGTION ..ccceceemmmiemsiimnisisssstsemsesssssssssenssnarsrsimesssssssstaststsssssssssssnsssssss sassssnssssnsnsanssansesss 1
METHODS ....coeiierttcrennineenettetenisssassnssarstsessssssosssnssasntssmssssssssasassssssnasnetarteessesseseriasssassassssesass 1
A. Selection of transects, parameters, time periods, and sampling depths ............... 1
B. Summary statistics and graphical analyses .................. e 3
C. Choice of statistical test: Wilcoxon matched-pairs test .........ccccccevevrevevivvrceecnnnne 3
D. Correlation COBHICIENTS ....coc et 4
RESULTS AND DISCUSSION ..cicomeminnetseinencsisansississanantimiissssssssessssssssasessesesssssssssanssssassasss 5
A. Annual seasonal medians and plots of mid-Bay and lateral station data .............. 5
1. Medians and scatter PlOtS .......ociiiiiiiiiiiiiir e e 5
2. Time PlOtS Of QIfTEIENCES .eeneee e e 5
B. Statistical comparisons between annual seasonal medians of
mid-Bay and lateral station data ..........cccoceereiii i 6
1. Central-western differ@NCeS ....coiviiiiiiiiiiiee e 6
2. Central-eastern differeNCEeS ......ovvviiiiiiiiiiiii et ae e e 8
3. Synthesis of results from different analyses .........coccoeveeeeiievee e 9
C. Correiations between mid-Bay and lateral station data..........ccccoeeeeviviinnneinn, 10
D. Attainment of Submerged Aquatic Vegetation (SAV) habitat requirements ........ 11
CONCLUSIONS .oeeeiettinecsiincinsisennttnetiieessesssssasnsannsseessssessssssasssssnassatonsenessttnessnsraserrasssssns 11
REFERENGCES ... cccecinccttneniniinnnssccsesssnnesissnints i ssstanasensssssesssnsssesesssnasnsnsseesesennnnens 13
LIST OF TABLES

TABLE 1. Median bottom sampling depths for the seven transects studied,
with the percentage of cruises in which the transect was sampled
ON e SAME AAY. ...eviiiiiiiiiiiiieicteee et e e e s e s 15

TABELE 2. Statistically significant median differences (p < 0.05) between
1985-1991 Central and Westem station medians. Exact p in
parentheses, 95% confidence interval is below the difference,
differences are Central = WeSternN. ........evveviviiriviiiiiinieineeeeeeieveeeenenvveaeen, 16

TABLE 3. Siatistically significant median differences (p < 0.05) between
1985-1991 Central and Eastern station medians. Exact p in
parentheses, 95% confidence interval is below the difference,
differences are Central — Eastern. ........cccoccvveveveievreeeineeeesreeereeennnn, 18

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
CST 1 113.9/92 B Page iii



TABLE 4.

TABLE 5.

TABLE €.

Comparison of the magnitudes of statistically significant median
differences, uncentainty estimates (MDLs), and
SAV habitat reqQUIremMEeNtS. ...ccouuiriiiiecieieiee e ee e eeeserreaeeese e e 20

Pearson cross-correlation coefficients for Chesapeake Bay
mainstem data, center and lateral Stations, using raw
concentration data from 1985-1991 for the seasons shown. ................. 21

Correspondence of attainment rates for SAV habitat requirements for
pairs of central and lateral stations, using annual growing season medi-
ans from all seven transects, 1985-1991. ...........ccceviiieniece e 22

LIST OF FIGURES

Figure 1.
Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Locator map showing the seven-transects studied. ...........ccccvvveeuvenenee. 23

Detail map of transect CB3.3. Hatched areas
are 1990 SAV coverage ............ U P PO PP PP OPPPPPP 24

Detail map of transect CB4.1 Hatched areas
are 1990 SAV COVEIAQR ......cooviiririiriieiiree st sre st e s s 25

Detail map of transect CB4.2 and 4.3 Hatched areas
are 1990 SAV COVEIAQR .....ccormiirrieiritie ettt ettt e 26

Detail map of transect CB5.1.
Hatched areas are 1990 SAV COVEIAQe ...ccvviiviiirrieeeeerieiiinrniirreeeeee e 27

Detail map of transect CB5.4.
Hatched areas are 1990 SAV COVEIage .....uuumrivireieeeeiiiieeiieeeeeeeeeeeeceenn, 28

Detail map of transect CB7.2.
Hatched areas are 1990 SAV COVEIage .......cccovvreeirivrrerceeesieensenssnnnnnens 29

Scatter plot of annual seasonal medians of Total Phosphorus,
1985-1991, for western and central stations. ..........cccccovviiiiciinnninnnnn. 32

Scatter plot of annual seasonal medians of Total Phosphorus,
1985-1991, for eastern and central stations. ...cccceeeviivieeerieniciriireeinncens 32

Scatter plot of annual seasonal medians of Orthophosphate,|
1885-1991, for western and central stations. ........cooeveeivevivricencenen, 32

Scatter plot of annual seasonal medians of Orthophosphate,
1985-1991, for eastern and central stations. .........ccoccviveeeennininiecicnnnnn. 32

Scatter plot of annual seasonal medians of Total Nitrogen,
1985-1991, for western and central stations. .....oovveeveieieiviiecenicceicinienenns 33

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Pageiv R

CSC.MN1B.9/92



Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Figure 18.

Figure 20.

Figure 21.

Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Scatter plot of annual seasonal medians of Total Nitrogen,
1985-1991, for eastern and central stations. ........cceeevviiiiniiiiniininnnnne. 33

Scatter plot of annual seasonal medians of Dissolved inorganic
Nitrogen, 1985-1991, for western and central stations. ..........ccooeennnnenes 33

Scatter plot ot annual seasonal medians of Dissolved Inorganic
Nitrogen, 1985 1991, for eastern and central stations. ...........cccccevnuneen. 33

Scatter plot of annual seasonal medians of Total Suspended Solids,
1985-1991, for western and central stations. ........ccccccvvvrrerrrrcvveveevennnnnn. 34

Scatter plot of annual seasonal medians of Total Suspended Solids,
1985-1991, for eastern and central stations. .........cccciiiiici e, 34

Scatter plot of annual seasonal medians of Chlorophyl! a,
1985-1991, for western and central stations. ......ccccceevereiiiiiiiciniecn s 34

Scatter plot of annual seasonal medians of Chlorophyll a,
1985-1991, for eastern and central stations. .......cccvviviiiiciiicnienen, 34

Scatter plot of annual seasonal medians of Secchi depth,
1985-1991, for western and central stations. ..o, 35

Scatter plot of annual seasonal medians of Secchi depth,
1985-1991, for eastern and central stations. ...ccc.ccvevviciiiiiniiniien, 35

Scatter plot of annual seasonal medians of Surface Salinity,
1985-1991, for western and central stations. ......ccveveviiienriieeriniiieen, 35

Scatter plot of annual seasonal medians of Surface Salinity,
1985-1991, for eastern and central stations. ........cccoveiciiieiiiciiiiiiienns, 35

Scatter plot of annual seasonal medians of spring Surface Salinity,
1985-1991, for western and central stations. ..........ccccvieecciiiiiiiiinn e, 36

Scatter plot of annual seasonal medians of summer Surface Salinity,
1985-1991, for western and central stations. ......eoceveeeneeveeciinciiiiicene 36

Scatter plot of annual seasonal medians of spring Surface Salinity,
1985-1991, for eastern and central stations. .......cccccveevvecrrrnerrinirieennnn.. 36

Scatter plot of annual seasonal medians of summer Surface Salinity,
1985-1991, for eastern and central stations. ....ccceeereeeriieecviiiircieeenn, 36

Scatter plot of annual seasonal medians of spring B1 Salinity,
1985-1991, for western and central stations. ......cccocovienemeeennneneennennn. 37

Scatter plot of annual seasonal medians of summer B1 Salinity,
1985-1991, for western and central stations. .......cccocccveevcieeiniiinnnceane, 37

CSC.MN1B.9/92

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

R Pagev



Figure 30.
Figure 31.
Figure 32.

Figure 33.

Figure 34.
-ﬁgure 35
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.

Figure 44.

Scatter plot of annual seasonal medians of spring B1 Salinity,
1985-1991, for eastern and central stations. ........cccccceevvvveereieeereeeneen. 37

Scatter plot of annual seasonal medians of summer B1 Salinity,
1985-1991, for eastern and central stations. .........c.ccceevvvveeeecieieecnnnen. 37

Scatter plot of annual seasonal medians of spring B2 Salinity,
1985-1991, for western and central stations. .....ccccvvveeeeiiiiiiccccivieeeeenn, 38

Scatter plot of annual seasonal medians of summer B2 Salinity,
1985-1991, for western and central stations. ..........cceveveeiveeveieeveeereeneeen. 38

Scatter piot of annual seasonal medians of spring B2 Salinity, _
1985-1991, for eastern and central stations. ....................... s 38

Scatter plot of annual seasonal medians of summer B2 Salinity,
1985-1991, for eastern and central stations. ..........ccoccvvviiviriiriinieeniines 38

Scatter plot of annual seasonal medians of spring S_Disoxy,
1985-1991, for western and central stations. .......ccccceveveiiivieinincnnnnn, 39

Scatter plot of annual seasonal medians of summer S_Disoxy,
1985-1991, for western and central stations. .....cooovvveeeiiivieeiiier i, 39

Scatter plot of annual seasonal medians of spring S_Disoxy,
1985-1991, for eastern and central stations. ....oocceevivevieiieii e, 39

Scatter plot of annual seasonal medians of summer S_Disoxy,
1985-1991, for eastern and central stations. ......cc.ccooviiiinn, 39

Scatter plot of annual seasonal medians of spring B1_Disoxy,
1985-1981, for western and central stations. .......ccccceievieiriiiiiviiiieennnne, 40

Scatter plot of annual seasonal medians of summer B1_Disoxy,
1985-1991, for western and central stations. ... 40

Scatter plot of annual seasonal medians of spring B1_Disoxy,
1985-1991, for eastern and central stations. ....ccccoeveviiviiiicieiiiecirc, 40

Scatter plot of annual seasonal medians of summer B1_Disoxy,
1985-1991, for eastern and central stations. ...........ccccceeeiiiiciiiiinennnnnn. 40

Scatter plot of annual seasonal medians of spring B2_Disoxy,
1985-1991, for western and central stations. .......c..ccccvvveericeviriivcennnn. 41

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Pagevi W

CSC.MN1B.9/92



Figure 45.
Figure 46.
Figure 47.

Figure 48.
“Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.

Figure 56.

Scatter plot of annual seasonal medians of summer B2_Disoxy,
1985-1991, for western and central stations. ......ccevveveeeiiiiviiiniieieeneenes 41

Scatter plot of annual seasonal medians of spring B2_Disoxy,
1985-1991, for eastern and central stations. ........cccccvvevieieriveeeeenieneenen, 41

Scatter plot of annual seasonal medians of summer B2_Disoxy,
1985-1991, for eastern and central stations. .........cccceevmrevecieeceiinnnnn, 41

Time plot of differences between central and lateral stations for Total
Phosphorus in CB3.3, 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 0r 3)......c.ccccveevnee. 42

Time plot of difterences between central and lateral stations for Total
Phosphorus in CB4.1, 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3).......cc.ccccuuene. 42

Time plot of differences between central and lateral stations for Total
Phosphorus in CB4.2, 1985-1991. Ali parameters and transects shown
had statistically significant differences (see Table 20r 3)....ccccvvvvveeeennn. 43

Time plot of differences between central and lateral stations for Total
Phosphorus in CB4.3, 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 0r 3)......cc.coveenneee. 43

Time plot of differences between central and lateral stations for Total
Phosphorus in CB5.4, 1985-1991. Ali parameters and transects shown
had statistically significant differences (see Table 2 or 3).....ccccceeeeuneee. 44

Time plot of differences between central and lateral stations for Ortho-
phospnate in CB4.1, 1985-1891. All parameters and transects shown
had statistically significart differences (see Table 20r 3)...........cc.u.ee. 44

Time plot of differences between central and lateral stations for Ortho-
phosphate in CB4.2 1985-19391. All parameters and transects shown
had statistically significant differences (see Table 2 0r 3).........cccvuvenee. 45

Time plot of differences between central and lateral stations for Ortho-
phosphate in CB4.3, 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3)..........c.c..ece. 45

Time plot of differences between central and latera! stations for Total
Nitrogen in CB4.1 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 20r 3)......cccccocevirinineeennn, 46

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

CSC.MN1B.9/92 B Page vii



Figure 57.

Figure 58.

Figure 59.

Figure 60.

Figure 61.

Figure 62.

Figure 63.

Figure 65.

Figure 64.

Figure 66.

Figure 67.

Time plot of differences between central and lateral stations for Total
Nitrogen in CB4.2 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 20r 3)......cccccccevvvvvveeenenne 46

Time plot of differences between central and lateral stations for Total
Nitrogen in CB4.3 1985-1991. All parameters and tiansects shown had
statistically significant differences (see Table 2 0r 3)......ccccevvvverecireenern. 47

Time plot of differences between central and lateral stations for Total
Nitrogen in CB7.2 1985-1891. All parameters and transects shown had
statistically significant differences (see Table 2 0r 3).....cccccevevrecvvnenennn. 47

Time plot of ditferences between central and lateral stations for Total
Suspended Solids in CB3.3 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 48

Time plot of differences between central and lateral stations for Total
Suspended Solids in CB4.1 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 48

Time plot of differences between central and lateral stations for Total
Suspended Solids in CB4.2 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 49

Time plot of differences between central and lateral stations for Total
Suspended Solids in CB4.3 1985-1991. All parameters and transects
shown had statistically significant ditterences (see Table 2 or 3). ......... 49

Time plot of differences between central and lateral stations for Total
Suspended Solids in CB7.2 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 50

Time plot of differences between central and lateral stations for Total
Suspended Solids in CB5.4 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 50

Time plot of differences between central and lateral stations for Chloro-
phyll a in CB3.3 1985-1991. Ali parameters and transects shown had
statistically significant differences (see Table 20r 3).....ccccceevenevicennne. 51

Time plot of differences between central and lateral stations for Chloro-
phyll a in CB4.1 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 2 0r 3).....c.cceevvnrriireennnns 51

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Page viii B

CSC.MN18B.9/92



Figure 69.

Figure 68.

Figure 70.

Figure 71.

Figure 72.

Figure 73.

Figure 74.

Figure 75.

Figure 76.

Figure 77.

Figure 7B.

Time plot of differences between central and lateral stations for Chloro-
phyli a in CB4.3 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 2 0r 3).....ccocccveeviricennnnen 52

Time plot of differences between central and lateral stations for Chloro-
phyll ain CB4.2 1985-1991. All parameters and transect: shown had
statistically significant differences (see Table 2 0r 3).....ccccoevrveeiriinnnnns 52

Time plot of differences between central and lateral stations for Chloro-
phyll ain CB7.2 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 2 0r 3)......ccoeccieeieiiiiiinnes 53

Time plot of differences between central and lateral stations for Secchi in

"CB4.1 1985-1991. All parameters and transects shown had statistically

significant differences {see Table 2 07 3). ... 53

Time plot of differences between central and lateral stations for Secchi in
CB4.2 1985-1991. All parameters and transects shown had statistically
significant differences (see Table 2 0r 3). ....ccccveeiiiiiiiiicis 54

Time plot of differences between central and lateral stations for Secchi in
CB4.3 1985-1991. All parameters and transects shown had statistically
significant differences (see Table 2 6r 3). ..ccooeiiiiis 54

Time plot of differences between central and lateral stations for Secchi in
CB5.1 1985-1991. All parameters and transects shown had statistically
significant differences (see Table 20r 3). ... 55

Time plot of differences between central and lateral stations for Secchi in
CB5.4 1985-1991. All parameters and transects shown had statistically
significant differences (see Table 20r 3). ....cooovvviieiiii, 55

Time plot of differences between central and lateral stations for Secchi in
CB7.2 1985-1991. All parameters and tiansects shown had statistically
significant differences (see Table 2 0r 3). ....ccciieiiiiiiicnes e, 56

Time plot of differences between central and lateral stations for Surface
Salinity in CB4.1 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 2 or 3).......cccovivvenennnes 56

Time plot of differences between central and lateral stations for Surface
Salinity in CB4.3 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 2 or 3)......ccoevevvrniinenee. 57

CSC.MN1B.9/92

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

B Page ix



Figure 79.

Figure 80.

Figure 81.

Figure 82.

Figure 83.

Figure 84.

Figure 85.

Figure 86.

Figure 87.

Figure 88.

Figure 89.

Time plot of differences between central and lateral stations for Surface
Salinity in CB5.4 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 2 or 3)......cccccuvvevevvveernnne 57

Time plot of differences between central and lateral stations for Surface
Salinity in CB7.2 1985-1991. All parameters and transects shown had
statistically significant differences (see Table 2 0r 3).....cc.ceeovveeiveineeenn. 58

Time plot of differences between central and lateral stations for Bottom
Layer Salinity in CB3.3 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3)........ccoceveuneneee 58

Time plot of differences between central and lateral stations for Bottom
Layer Salinity in CB4.1 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3)...................... 59

Time plot of differences between central and lateral stations for Bottom
Layer Salinity in CB4.2 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3).......ccccceeuee. 59

Time plot of differences between centrai and lateral stations for Bottom
Layer Salinity in CB4.3 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3)......cccccceeeene. 60

Time plot of differences between central and lateral stations for Bottom
Layer Salinity in CB5.1 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3).......ccccveevennne 60

Time plot of differences between central and lateral stations for Bottom
Layer Salinity in CB5.4 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3)......cccccevevenne 61

Time plot of differences between central and lateral stations for Bottom
Layer Salinity in CB7.2 1985-1991. All parameters and transects shown
had statistically significant differences (see Table 2 or 3)...........cc......... 61

Time plot of differences between central and lateral stations for Bottom
same-depth Salinity in CB4.1 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 62

Time plot of differences between central and lateral stations for Bottom
same-depth Salinity in CB4.2 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 62

COMPARISON OF MID-BAY AND L... _RAL STATION WATER QUALITY DATA
CSC.MN1B.9/g2 -



Figure 90.

Figure 91.

Figure 92.

Figure 93.

Figure 95.

Figure 94.

Figure 96.

Figure 97.

Figure 99.

Figure 98.

Time plot of differences between central and lateral stations for Bottom
same-depth Salinity in CB4.3 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 63

Time plot of differences between central and lateral stations for Bottom
same-depth Salinity in CB5.1 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 63

Time plot of differences between central and lateral stations for Bottom
same-depth Salinity in CB7.2 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 64

Time plot of differences between central and lateral stations for Surface
Dissolved Oxygen in CB4.2 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 64

Time plot of differences between central and lateral stations for Bottom
Layer Dissolved Oxygen in CB3.3 1985-1991. All parameters and
transects shown had statistically significant differences

(SEE TabIE 2 08 B). it eere e e et ar e e e e s 65

Time plot of differences between central and lateral stations for Surface
Dissolved Oxygen in CB7.2 1985-1991. All parameters and transects
shown had statistically significant differences (see Table 2 or 3). ......... 65

Time plot of differences between central and lateral stations for Bottom
Layer Dissolved Oxygen in CB4.1 1985-1991. All parameters and
transects shown had statistically significant differences

(SEE TaADIE 2 OF 3).eeriiiiiiiieriiiireree e seerere e s e re e s s e s nesn s e aeens 66

Time plot of differences between central and lateral stations for Bottom
Layer Dissolved Oxygen in CB4.2 1385-1991. All parameters and
transects shown had statistically significant differences o

(566 Table 2 OF 3)..eeiiiiii ettt rere s e s e s sa e aanas e 66

Tirne plot of differences between central and lateral stitions for Bottom
Layer Dissolved Oxygen in CB5.1 1985-1991. Ali parameters and
transects shown had statistically significant differences

(SEE TADIE 2 0F 3). .eeiriiicccrierieeit ettt seesssmsa s ee s tes e s sne e e san s saae s 67

Time plot of differences between central and lateral stations for Bottom
Layer Dissolved Oxygen in CB4.3 1985-1991. All parameters and
transects shown had statistically significant differences

(S8 TADIE 2 OF B).c.eeiiiie ettt e e vt 67

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

CSC.MN1B.9/92

B Page xi



Figure 101.

Figure 100.

Figure 102.

Figure 103.

Figure 104.

Time plot of differences between central and lateral stations for Bottom
Layer Dissolved Oxygen in CB7.2 1985-1991. All parameters and
transects shown had statistically significant differences

(588 TabI& 2 OF B). uevieiiicceieiriicertie ettt srtr e s s e srre e e s e e e s seareaaaeee e een 68

Time plot of differences between central and lateral stations for Bottom
Layer Dissolved Oxygen in CB5.4 1985-1991. All parameters and
transects shown had statistically Stgmﬂcant differences

(S€€ TabIE 2 0r B). ..ot e e e 68

Time plot of differences between central and lateral stations for Bottom
same-depth Dissolved Oxygen in CB4.2 1985-1991. All parameters -
and transects shown had statistically significant differences

(SEE TADIB 2 OF 3). ettt eeeve e e e e e e e e e e aaannes 69

Time plot of differences between central and lateral stations for Bottom
same-depth Dissolved Oxygen in CB4.3 1985-1991. All parameters
and transects shown had statistically significant differences

(SEE TADIE 2 OF 3. i et et eer e e et e rae e e easannnns 69

Time plot of differences between central and lateral stations for Bottom
same-depth Dissolved Oxygen in CB5.4 1985-1991. All parameters
and transects shown had statistically significant differences

(SEE TaADIE 2 OF B). i e s 70

Figure 105. Time plot of differences between central and lateral stations for Bottom

APPENDIX I ........

same-depth Dissolved Oxygen in CB7.2 1985-1991. All parameters
and transects shown had statistically significant differences
(SEE TabI® 2 OF 3). it e 70

TABLE A1-1.  Annual seasonal medians by station for all variables

and time periods analyzed. ......ccccccvierierin e 72

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Page xii B

CSC.MN1B.9/92



EXECUTIVE SUMMARY

Seasonal median water quality values were compared between stations in mid-
Bay and lateral regions in seven east-west transects in the mainstem Chesapeake
Bay. Comparisoi.s were made over seven years, 1985-1991, for April-October
surface layer medians of total phosphorus, total nitrogen, dissolved orthophos-
phate, dissolved inorganic nitrogen, total suspended solids, chlorophyll a,
Secchi depth, and salinity. Comparisons were also made using spring (March-
May) and summer (June-September) medians of surface and bottom salinity
and dissolved oxygen. Comparisons were made using difference plots of raw
data, scatter plots of annual seasonal medians, and the Wilcoxon matched-pairs
test on annual seasonal medians. The graphical and statistical analyses con-
firmed each other. Correlation coefficients were also calculated between
mid-Bay and lateral data series to estimate their degree of similarity over time,
but could not be tested for statistical significance.

The results of the median comparisons show that in most cases, mid-Bay data
can be used to characterize median water quality in nearby lateral areas. There
were three categories of results for the nine parameters analyzed.

In the first category, one parameter, dissolved inorganic nitrogen, had no
statistically significant differences between mid-Bay and lateral station medi-
ans.

In the second category, five parameters, total phosphorus, orthophosphate, total
nitrogen, total suspended solids, and chlorophyll a, had statistically significant
differences between mid-Bay and lateral station medians. However, the
differences were smaller than the analytical uncertainty for that parameter, as
estimated by the method detection limit. Thus, the differences were small
enough to permit the application of mid-Bay median water quality to lateral
areas. Almost all of the differences found for these five parameters were
between mid-Bay and western stations, which were located farther from the
mid-Bay station than eastern stations.

In the third category, three parameters (Secchi depth, salinity, and dissolved
oxygen) had statistically significant differences that were usually larger than
the uncertainty level for those parameters. All of the significant differences
in Secchi depth were between central and western stations, and for salinity and
dissolved oxygen, the differences were largest when comparing summer me-
dians from 1 meter above the bottom. In most cases, mid-Bay data for these
three parameters should not be used to characterize seasonally averaged water
quality in nearby lateral areas. However, salinity and dissolved oxygen medians
were quite similar at mid-Bay and lateral stations at the surface, and for bottom
comparisons at the same depth.

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
CSC.MN1B.9/92 B Page xiii



COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Page xiv B ‘ CSC.MN1B.9/82



INTRODUCTION

One of the main goals of the Chesapeake Bay Program is the restoration of the
Bay'’s living resources, primarily by improving the water quality in the Bay.
To do this effectively, scientists and manz ers need water quality monitoring
data from living resource habitats. However, many living resources are most
common in shallow water nearshore habitats, where it is difficult to collect
water samples via ship-based monitoring. Also, the three-dimensional com-
puter model that is being used to project water quality responses to nutrient
reductions produces estimates for mid-Bay areas only (Nutrient Reevaluation
Workgroup 1992). Thus, scientists and managers need information on the
comparability of water quality in mid-channel and mid-Bay areas to water
quality in shallower nearshore areas. Previous analyses assessed this compa-
rability for mid-channel and nearshore stations in selected tributaries of the
Chesapeake Bay (Eliett et al. 1989, Batiuk et al. 1993), but not for areas in the
mainstem of the Bay.

The primary purpose of this analysis is to determine whether selected lateral
and mid-Bay stations in the Chesapeake Bay mainstem have the same overall
levels of certain water quality parameters. For several transects in the Chesa-
peake Bay mainstem, sampling has occurred at a mid-Bay location and at
corresponding eastern and/or western lateral locations with similar latitude.
Although these lateral stations are too deep to support all of the living resources
that live near the shore, they are closer to many living resource habitats than
the mid-Bay stations. The question of whether or not the center and lateral
stations behave similarly throughout the period of record is also examined
through time series plots and cross-correlation coefficients. The advantages
of developing actual predictive models that relate the mid-Bay and lateral
station data are discussed. Such predictive models would be particularly useful
when one location is not sampled (e.g. lateral stations during the winter) or when
data is missing for any reason.

METHODS

A. SELECTION OF TRANSECTS, PARAMETERS, TIME PERIODS, AND
SAMPLING DEPTHS

The data used for this analysis were collected under the Chesapeake Bay
Mainstem Monitoring Program and the Maryland Tributary Monitoring Pro-
gram. When the current monitoring program was established in 1984, eastern
and western lateral stations were added near historical mid-Bay stations that
had been monitored by the Chesapeake Bay Institute. The lateral stations
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were added primarily to assess the extent that wind and tidal events moved
oxygen-poor mid-Bay waters into shallower lateral areas (CBP 1985).

The lateral and mid-Bay data which were selected for analysis consisted of all
available cruises from March 1985 through October 1991 for the following
transects: CB3.3 (CB3.3C, CB3.3E and CB3.3W); CB4.1 (CB4.1C, CB4.1E,
CB4.1W); CB4.2 (CB4.2C, CB4.2E, CB4.2W); CB4.3 (CB4.3C, CB4.3E,
CB4.3W); CB5.1 (CB5.1, CBS.1W); CBS.4 (CBS.4, CB5.4W); and CB7.2
(CB7.2,CB7.2E, and CB6.3). Data for the months November through February
were not available for transects CB3.3 through CB4.3 after 1988, because the
lateral stations were not sampled during these months. Data from 1984 were
not available for all months used, because sampling started in June.

The three criteria for selecting transects were:
1. Stations at approximately the same latitude.

2. Atleast one of the lateral stations in relatively shallow water (8-12 meters
median bottom depth to approximate “nearshore” habitat) with the mid-Bay
station in deeper water (16-31 meters median bottom depth).

3. All stations in each transect usually sampled on the same day, to reduce
variability due to sampling time.

Transect locations, bottom sampling depths, and the percentage of cruises in
which the stations were sampled on the same day is provided for each transect
in Table 1. A summary map of all the transects and detailed maps of each
transect are also provided, including 1990 Submerged Aquatic Vegetation
(SAV) beds (Figures 1-7). SAV beds are included because several of the
parameters analyzed are important to SAV growth, and have been used to
develop water quality habitat requirements for SAV growth (Batiuk etal. 1993).
Note that transects were not selected for their proximity to SAV beds; some
transects, such as CB3.3, are not close to any current SAV beds. In transects
CB4.1 through CB4.3, the western stations are not near any potential SAV
habitat, due to high wave action in nearby shallows (Batiuk et al. 1993).

The parameters examined included surface concentrations (layer = ‘S’) of total
phosphorus (TP), total nitrogen (TN), dissolved orthophosphate (PO4F), dis-
solved inorganic nitrogen (DIN), total suspended solids (TSS), chlorophyll a
(CHLA), Secchi depth (SECCHI), and salinity (SALIN). These parameters
include all five Submerged Aquatic Vegetation (SAV) habitat requirements
(Batiuk et al. 1993), plus total nitrogen, total phosphorus, and salinity. The
surface layer is at 0.5 m depth in Maryland and 1.0 m in Virginia. The time
period used for these parameters was the same April-October time period used
for SAV habitat requirements (Batiuk et al. 1993). The data used had all current
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data corrections, including an adjustment to early total nitrogen data for stations
sampled by Maryland Department of the Environment (MDE) (Bergstrom
1992). In all cases, data from stations in the same transect came from the same
laboratory, with the same analytical methods and detection limits.

Surface and near bottom concentrations of dissolved oxygen (D!"OXY) and
salinity (SALIN) were compared over the spring (March-May) and summer
(June-September) periods used for the three-dimensional computer model of
Chesapeake Bay water quality. Surface dissolved oxygen (S_DISOXY) and
salinity (S_SALIN) used the samples with layer = ‘S’ at each station. In all
cases, the mid-Bay stations were in deeper water than the lateral stations, so
bottom dissolved oxygen and salinity were each compared two different ways.
The first compared mid-Bay and lateral bottom layer (layer = ‘B’) samples
(B1_DISOXY and B1_SALIN), which had greater sampling depth at the mid-
Bay station. The bottom layer sample is taken 1 m above the bottom. The second
compared dissolved oxygen and salinity values from the same depth (B2_DISOXY
and B2_SALIN), usually at the minimum bottom sampling depth for the lateral
station (Table 1). This sampling depth was always above the bottom at the
central station, and could be above the pycnocline.

B. SUMMARY STATISTICS AND GRAPHICAL ANALYSES

Because the habitatrestoration goals for Submerged Aquatic Vegetation (SAV)

and three-dimensional model output are stated in terms of seasonal averages,
annual seasonal median concentrations are provided for all parameters. Me-
dians are less sensitive than means to the distribution of the data, and the
Wilcoxon matched-pairs test compares medians (see next section). The me-
dians were graphed in scatter plots with lateral station data on the vertical axis
and central station data on the horizontal axis. In these plots, differences
between lateral and central station data appear as deviations from the diagonal
line of equality. To show the magnitudes of differences between the raw data,
time series plots of differences between the raw concer tration data from mid-
Bay and both lateral stations were produced for each transect/variable combination

that had statistically significant differences.

C. CHOICE OF STATISTICAL (EST: WILCOXON MATCHED-PAIRS
TEST

A nonparametric test was chosen for two reasons. First, nonparametric tests
are less sensitive to the distribution of the data, and second, they are less affected
by below detection limit data when compared to a parametric test (Gilbert 1987).
The Wilcoxon matched-pairs test was used because it assumes positively
correlated (paired) samples (Siegel 1956, Marascuilo and McSweeney 1977).

Stations within a transect were paired in space, since all were at similar latitudes
and within 7-9 km or less of each other (Figures 1-7). Stations were also paired
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in time of sampling. In almost all cases stations within a transect were sampled
on the same day (Table 1).

The Wilcoxon matched-pairs test was performed on annual seasonal median
values for two reasons. In statistical terms, the main management question of
interest was whether the seasonal medians differed between central and lateral
stations, not whether the median of the central-lateral differences on each
sampling date was zero. Also, using annual seasonal medians reduced the serial
correlation in the data. The Wilcoxon test assumes that sequential data points
atthe same station are independent, which is not true of semimonthly or monthly
nutrient concentrations in the Chesapeake Bay.

Calculations were done using a custom SAS program (SAS Institute 1990) using
the formulas in Siegel (1956) and a two-tailed alpha level of 0.05. Because
annual seasonal medians were used, tests could not be done on a year-by-year
basis, but the consistency and magnitude of the annual differences were
assessed graphically (see previous section).

For each variable, the proportion of observations below the detection limit was
examined to ensure that there were sufficient uncensored observations for
analysis. Comparisons were not made if more than S0% of the observations
were censored at either station.

For those pairs of stations exhibiting statistically significant differences with
the Wilcoxon matched-pairs test, stem and leaf and box plots were examined
to ensure that the observed differences were in fact due to location shifts rather
than distributional differences. Also, median differences and 95% confidence
intervals were calculated for those pairs of stations with a custom SAS program,
using the methods in Conover (1980, p. 288).

D. CORRELATION COEFFICIENTS

An issue which remains unanswered in the comparison of medians is how
reliably we can predict the lateral station observations from the mid-Bay station
observations when data are missing or lateral areas are not sampled. In order
to examine this question in detail, the time series should be carefully modeled
to account for serial correlation and other factors. Whereas the Wilcoxon
matched-pairs test provides only a coarse comparison, developing a predictive
model would enable us to define systematic differences and to extrapolate
individual values as well as means or medians. The correlation coefficients
described below are intended to provide a rough indication of how good our
predictions might be if we carried out this modeling effort. They are called
cross-correlation coefficients because they involve parallel time series.

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Page4 N CSC.MN1B.9/92



The cross-correlation coefficients between the parallel time series (west and
center; east and center) were computed to obtain an estimate of the strength
of the relationship between the mid-Bay and corresponding lateral station data
for each parameter. Raw concentration data from the same seasons used for
the Wilcoxon matched-pairs tests, March 1985 through October 1991, were
used to calculate the coefficients. Any pairs of data which were identical
because they were both below the detection limit were deleted before the
coefficients were calculated. These cross-correlation coefficients are identical
to the Pearson product moment correlations, and thus are constrained between
-1 and +1. For those stations and parameters exhibiting higher cross-correla-
tions, we would expect to be better able to predict the lateral station levels from
the mid-Bay station levels. Nonparametric correlation was not used because
it only indicates how closely the ranks of the two data series corresponded.
Since the time series are serially correlated, probability estimates for the cross-
correlation coefficients are not readily obtainable.

RESULTS AND DISCUSSION

A. ANNUAL SEASONAL MEDIANS AND PLOTS OF MID-BAY AND
LATERAL STATION DATA

1. Medians and scatter plots

The annual seasonal medians for all transect/parameter combinations, using the
same seasons used for the Wilcoxon matched-pairs tests, are shown in Appendix
1, Table Al-1. The same medians for each year, season and parameter are
shown in scatter plots of mid-Bay and lateral station data (Figures 8-47). If
mid-Bay and lateral station medians were identical they would fall on the
diagonal in each graph; symbols above the diagonal indicate higher medians
at lateral stations, while those below indicate higher medians at mid-Bay
stations. An examination of these graphs shows the same general differences
found with the Wilcoxon matched-pairs tests (next section), with relatively
consistent differences from year to year.

2. Time plots of differences

Time plots of differences between central and lateral station data are also shown
for all parameters and pairs of stations with statistically significant differences
(Figures 48-105). Note that there were no winter data after 1988 from the lateral
stations in transects CB3.3 through CB4.3, because winter sampling was
discontinued at those stations.
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These difference plots show a seasonal pattern in many of the differences, since
they include winter data that were not included in the other analyses. For

example, total phosphorus, orthophosphate, total nitrogen, chlorophyll @, and
bottom salinity (B1_SALIN) and dissolved oxygen (B1_DISOXY) differences
tended to be larger in the summe. (April-October) than in the winter. Other
parameters, such as total suspended solids, Secchi depth, and surface salinity
and dissolved oxygen, had central-lateral differences of similar magnitudes in
the summer and winter. Most of the differences shown were relatively
consistent in magnitude and direction from year to year. There were four
exceptions to this consistency in 1989: summer bottom salinity (B1_SALIN)
differences in transect CB7.2 were smaller than usual in 1989, and summer
bottom dissolved oxygen (B1_DISOXY)differencesin transects CB4.1 through
CB4.3 were smaller than usual in 1989. These departures from the normal
pattern of differences in 1989 may be due to the relatively high rainfall during
the late spring of that year.

B. STATISTICAL COMPARISONS BETWEEN ANNUAL SEASONAL
MEDIANS OF MID-BAY AND LATERAL STATION DATA

In general, there were more significant differences between central and western
stations than between central and eastern stations. This was probably because
central and western stations were usually located farther apart than central and
eastern stations.

1. Central-western differences

The results of the Wilcoxon matched-pairs tests for mid-Bay and western
stations are shown in Table 2 over all seven years. There were several
parameters and transects with statistically significant differences over this
period. Secchi depth medians verc significantly greater at the mid-Bay station
than at the western station in all transects except CB3.3. Surface total suspended
solids medians were significantly higher at the western station in all transects
except CB5.1, and surface total phosphorus were significantly higher at the
western station in all transects except CB5.1 and CB7.2. Surface total nitrogen
and chlorophyll a medians were significantly higher at the western station in
transects CB4.1, CB4.2, CB4.3, and CB7.2. Surface orthophosphate medians
were significantly higher at the western station in transects CB4.1, CB4.2, and
CB4.3. Dissolved inorganic nitrogen had no significant differences. Inall cases
of significant differences, water quality was lower at the western stations.
Secchi depth was less at western stations (more turbidity), and the median
concentrations of total phosphorus, orthophosphate, total nitrogen, total sus-
pended solids, and chlorophyll a were higher for the western (lateral) station
than the corresponding mid-Bay station (shown by negative differences).
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Median April-October surface salinity was significantly higher at the central
station in transects CB4.1 and CB7.2, although the difference was small in

transect CB4.1. Median spring surface salinity showed significant differences
between mid-Bay and western stations in one transect, CB7.2, and summer
surface salinity had significant differences in three transects: CB4.1, CB5.4,
and CB7.2 (Table 2). Surface salinity was alw~ys higher at the central station
(positive differences) except in transect CBS5.4, where the summer difference
was very small (0.16 ppt). The lower surface salinity at western stations was
presumably due to flow from western shore tributaries. Nearby rivers include
the South, Rhode and West rivers for CB4.1W, and the Piankatank River for
CB5.4W. The western station in transect CB7.2, station CB6.3, is over 20 km
south of the mouth of the Rappahannock River (Figure 1), so the surface salinity
differences there may reflect the general east-west surface salinity differences
found in the lower Bay (EPA 1989). There were no surface salinity differences
in the CB5.1 transect, near the mouth of the Patuxent River, possibly because
the CB5.1W station is farther from the mouth of the river (Figure 5) compared
. to station CB5.4W (Figure 6).

Spring and summer bottom salinity at the same layer (B1_SALIN) was signifi-
cantly higher at the mid-Bay station in spring and summer in all transects, with
some differences exceeding 6 ppt. This reflects normal estuarine stratification,
with denser, more saline water in deeper areas (EPA 1989). Bottom salinity
at the same sampling depth (B2_SALIN) showed far fewer and smaller signifi-
cant differences, in three transects in the spring and one in the summer, all with
higher salinity at the central station.

Surface dissolved oxygen medians showed a small but statistically significant
central-western differences in one transect, CB4.2, in the spring. Bottom
dissolved oxygen medians at the same layer (B1_DISOXY) were significantly
lower at the mid-Bay station in both seasons in all transects, by 2.6 to 4.7
mg/l, except for CB7.2. The median differences were always larger in the
summer than in the spring (Table 2). These differences in B1_DISOXY reflect
the tendency for sub-pycnocline areas of the Bay, especially deeper mid-Bay
areas north of the Rappahannock River, to undergo oxygen depletion in the
summer (CSC 1991, Nutrient Reevaluatior Workgroup 1992). In t-ansect
CB7.2, B1_DISOXY was slightly but significantly higher at the mid-Bay
station in the summer, but an examination of the annual seasonal medians
(Appendix 1 and Figure 41) shows that low dissolved oxygen levels are not
a problem in this transect.

As with salinity, bottom dissolved oxygen at the same sampling depth
(B2_DISOXY) showed far fewer significant differences: it was significantly
higher at the central station in transects CB4.2 and CB4.3 in the spring, and
in transects CB5.4 and CB7.2 in the summer, although the differences were
small (1.1 mg/l or less). The slightly higher median levels of B2_DISOXY at
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the central station may be due to occasional sampling above the pycnocline at

the central station in these same-depth comparisons. Dissolved oxygen levels
tend to be higher above the pycnocline than below the pycnocline.

2. Central-eastern differences

The results of the Wilcoxon matched-pairs tests for mid-Bay and eastern
stations are shown in Table 3 over all seven years. The only statistically
significant differences between medians from mid-Bay and the corresponding
eastern stations were for chlorophyll a, salinity and dissolved oxygen.

Chlorophyll a medians were slightly but significantly higher at station CB3.3C
compared to CB3.3E. Since these two stations are less than 2 km apart and
are a similar distance from shore (Figure 2), reasons for these consistent
differences in median chlorophyll a levels are unclear.

Surface salinity medians were significantly higher at the eastern stations in
transects CB4.1 and CB7.2 over all seasons, and in transect CB4.3 in the spring,
but the magnitude of the differences was very small (0.2-0.6 ppt) in the CB4.1
and CB4.3 transects (Table 3). The larger surface salinity differences in transect
CB7.2 (1.2-1.6 ppt) are presumably due to the tendency for east-west salinity
differences in the lower Bay (EPA 1989). Bottom salinity at the same layer
(B1_SALIN) was significantly higher in both spring and summer at the mid-
Bay stations in all transects. This same pattern was found in central-western
comparisons, and here the difference is presumably also due to the greater
sampling depth at mid-Bay stations. The two transects with relatively deep
eastern stations, CB4.1 and CB4.3, generally had the smallest median differ-
ences in BI_SALIN (Table 3). “Bottom” salinity at the same sampling depth
(B2_SALIN) was usually higher at the mid-Bay station (positive differences),
but there were fewer significant differences, and smaller median differences,
compared to results for B1_SALIN.

Surface dissolved oxygen medians were slightly but statistically significantly
lower at the eastern station in transect CB7.2 in both spring and summer (Table
3). Reasons for these differences are unclear. Bottom dissolved oxygen at the
same layer (B1_DISOXY) was significantly lower at the mid-Bay station for
both seasons for all transects but CB4.1 and CB4.3. Transect CB4.1 had a
significant summer median difference, but the magnitude was very small (0.05
mg/l). “Bottom” dissolved oxygen at the same sampling depth (B2_DISOXY)
had only one statistically significant difference, with slightly higher

(0.24 mg/1) summer median levels at the eastern station in the CB7.2 transect.

The lack of significant differences between bottom dissolved oxygen at the
same layer (B1_DISOXY) at mid-Bay and eastern stations in transects CB4.1]
and CB4.3 (Table 3) is probably due to the depth f the eastern stations in those
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transects. Stations CB3.3E and CB4.2E, which had significant differences in
bottom dissolved oxygen, were much shallower than stations CB4.1E and
CB4.3E, whichdid not(Table 1). The deep eastern stations CB4.1Eand CB4.3E
had B1_DISOXY medians as low or lower than medians at the corresponding
mid-Bay station (Appendix 1 and Figure 43). In contrast, the western stations
were all relatively shallow (Table 1), and all western stations had significantly
higher summer median bottom dissolved oxygen (B1_DISOXY) ihan the
corresponding mid-Bay stations (Table 2).

3. Synthesis of results from different analyses

Comparison of the annual seasonal medians (Appendix 1, Table Al-1, and
Figures 8-47) to the results over seven years in Tables 2 and 3 shows that all
of the differences that were statistically significant over seven years also
showed consistent differences in the same direction on an annual basis. Thus,
although the concentration levels often varied from year to year, the differences
between stations were consistent over the seven years studied. This same
consistency of differences is evident in plots of the raw differences (Figures
48-105), although most of the differences were less consistent when using raw
data rather than medians.

However, {ur nutrients and most other SAV-related parameters, these signifi-
cant differences were smaller than or similar in magnitude to estimates of
analytical uncertainty and the habitat requirements for SAV growth (Batiuk et
al. 1993). The magnitudes are compared in Table 4, using the method detection
limits at the laboratories involved to estimate analytical uncertainty. All of the
significant differences were smaller than or similar to the maximum MDL and
the SAV habitat requirement (if available), except for Secchi depth, salinity,
and dissolved oxygen. Thus, the differences in total phosphorus, orthophos-
phate, total nitrogen, total suspended solids, and chlorophyll a, although
statistically significant, were small enough to permit the application of mid-
Bay data to lateral arzas, given the uncertainty in the data. However, the
significant differences in Secchi depth, salinity, and dissolved oxygen were
consistently larger than the detection limit for those parameters (T able 4). Thus,
mid-Bay data for these three parameters should not be used to characterize
seasonally ave: aged water quality in nearby lateral areas for those transects and
seasons with significant differences. Note that when “bottom” salinity and
dissolved oxygen are compared at the same sampling depth (B2_SALIN and
B2_DISOXY) there are few significant differences with relatively small mag-
nitudes, but there are consistent and large differences in most transects when
comparing bottom layer salinity and dissolved oxygen at different depths (B1
parameters).

The differences that were significant showed generally reduced surface water
quality at the western station compared to the mid-Bay station. This was shown
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by higher nutrients, total suspended solids, and chlorophyll a, and lower Secchi
depths at the western stations. This could be due either to localized effects such
as bottom re-suspension or shoreline erosion, or to more distant effects such
as flow from western shore tributaries. The same tendency for lower Secchi
depths (and correspondingly higher light attenuation) at nearshore sites was also
found in two comparisons of tributary nearshore and mid-channel data (Ellett
et al. 1989, Batiuk et al. 1993). One of these studies also found significantly
higher total suspended solids medians at several nearshore sites (Batiuk et al.
1992).

C. CORRELATIONS BETWEEN MID-BAY AND LATERAL STATION
DATA

Correlations between mid-Bay and lateral station data were calculated to
estimate how well water quality at lateral stations could be predicted from mid-
Bay water quality. The cross-correlation coefficients between data from central
and lateral stations for all parameters analyzed are shown in Table 5. Not
surprisingly, the cross-correlation coefficients are larger for those stations
which are physically closer together. For all the three-station transects exam-
ined, the eastern stations are closer to the central station than are the western
stations (Figures 1-7), and this is reflected in the generally larger coefficients
for the center and east than the center and west. This may be a result of
differences in time as well as distance, since intervals between sampling times
are greater when the stations are farther apart.

Even after considering the time/distance issue, certain parameters appear to be
more readily extrapolated from the central stations to the lateral stations than
others. The cross-correlations for nitrogen (total nitrogen and dissolved
inorganic nitrogen) and surface dissolved oxygen and salinity (S_DISOXY and
S_SALIN) are frequently larger for all transects than cross-correlations for
phosphorus (total phosphorus and orthophosphate), chlorophyll 4, total sus-
pended solids o1 bottom dissolved oxygen and salinity. Bottom salinity and
dissolved oxygen at the same layer (B1_SALIN and B1_DISOXY) tended to
have smaller correlations than the same parameters compared near the bottom
with the same depth (B2_SALIN and B2_DISOXY), although the pattern was
occasionally reversed. Spring salinity correlations were usually smaller than
those in the summer, but spring dissolved oxygen correlations were usually
larger than those in the summer. For salinity, this may reflect higher flow levels
in the spring, which would tend to make salinities less similar at different
stations. The occurrence of low dissolved oxygen values in the summer, which
tend to be somewhat localized, probably led to smaller dissolved oxygen
correlations in the summer.
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D. ATTAINMENT OF SUBMERGED AQUATIC VEGETATION (SAV)
HABITAT REQUIREMENTS

The frequency of attainment of Submerged Aquatic Vegetation (SAV) habitat
requirements was compared for mid-Bay and lateral stations, and the number
of years and pairs of stations for which attainment wa< the same or different
was tabulated (Table 6). This was done to show how accurately mid-Bay data
could be used to predict habitat requirement attainment in lateral areas. The
medians used are in Appendix 1, and the habitat requirements are in Table 4.
The attainment was the same in most comparisons, with 88-100% of the pairs
of stations (central-western and central-eastern pairs) with the same attainment
of habitat requirements. -

This frequency of identical attainment was higher than the corresponding values
for tributary nearshore to mid-channel comparisons in four tributary study
areas, which ranged from 66-88% of pairs and years with the same attainment
(Batiuk et al. 1993). Those lower frequencies of similarity were probably due
to two factors: the use of true “nearshore” stations in 1-2 m of water, as well
as to station location relative to water quality gradients. The nearshore stations
analyzed in the SAV study were chosen to include gradients of SAV growth,
so many of the median water quality values for nearshore stations were near
the habitat requirements for SAV. This made it more likely to find differences
in habitat requirement attainment between nearshore and mid-channel stations.
The mid-Bay and lateral stations in the mainstem were not Jocated with respect
to SAV gradients, and their water quality medians were usually both above or
both below the SAV habitat requirements.

CONCLUSIONS

In summary, some aspects of the mid-Bay to lateral station comparisons are
site-specific, but median water quality at .he lateral station can often be
characterized by the median at the mid-Bay station. In this analysis, sets of
two different lateral stations were compared to the same mid-Bay station and
itis evident that water quality at some lateral stations is nearly identical to water
quality at the mid-Bay station, while uther pairs of stations show differences
in water quality. Central and western stations, which are located farther apart,
showed many more differences than central and eastern stations. Also, some
parameters showed more differences than others, and many of the significant
differences were small. There were no significant differences for one param-
eter, dissolved inorganic nitrogen. The statistically significant differences in
total phosphorus, orthophosphate, total nitrogen, total suspended solids, and
chlorophyll a, although consistent over 7 years, were small enough to permit
the use of mid-Bay data to characterize median water quality in lateral areas,
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given the uncertainty in the data. However, the significant differences in Secchi

depth, bottom layer salinity, and bottom layer dissolved oxygen were consis-
tently larger than the detection limit for those parameters and (for Secchi depth)
the habitat requirement for SAV growth. Thus, in most cases mid-Bay data
for these parameters should not be used to characterize median water quality
in nearby lateral areas. However, salinity and dissolved oxygen medians for
the surface layer, and for “bottom” comparisons at the same depth (B2_SALIN
and B2_DISOXY), were quite similar at mid-Bay and lateral stations.

Clearly, factors such as distance between sites, difference in sampling depth,
and proximity of a lateral station to the shore influence the relationship between
mid-Bay and lateral water quality. There is evidence that additional physical
variations may influence trends in some parameters, such as total phosphorus
(Nagaraj and Brunenmeister 1991).

It should be noted that all the mainstem lateral stations except CB5.4W are in
fairly deep water (7 to 23 m bottom sampling depth, Table 1), so it is uncertain
how mid-channel data might relate to “very nearshore” data which is of
particular interest in terms of living resources. For example, most SAV species
growing in the Chesapeake Bay are limited to areas 2 m deep or less, with the
largest populations found in water 1 m deep or less (Batiuk et al. 1993).
Analyses underway using Citizen Monitoring data from the Patuxent River,
which is usually measured from water samples collected from a dock or pier
in 1-2 m of water, will provide more information about how well mid-channel
data can reflect conditions in true nearshore areas in the tributaries.
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Figure 1. Locator map showing the seven transects studied.
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Figure 2. Detail map of transect CB3.3. Hatched areas are 1980 SAV
coverage.
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Figure 3. Detail map of transect CB4.1. Hatched areas are 1990 SAV
coverage.
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Figure 4. Detail map of transects CB4.2 and 4.3. Hatched areas
are 1990 SAV coveraae.
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Figure 5. Detail map of transect CB5.1. Hatched areas are 1990 SAV
coverage.:
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Figure 6. Detail map of transect CB5.4. Hatched areas are 1990 SAV
coverage. '
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Figure 7. Detail map of transect CB7.2. Hatched areas are 1990 SAV
coverage.
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Figure 48. Time plot of differences between central and lateral stations for Total Phosphorus in
CB3.3, 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).

o
-

o

S
i lllTll i

Total Phosphorus Difference (mgf)

-0.2-
) — C-W
.0.3 TITTPIrYoT 0y FreTT TTTEr Trrry LER LS LA NI Y1Vl'T1TTT“ITTTT‘11‘IﬁT'TTTﬁI '11!'
Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct
L : | L T Jd L — | L — ] [ T i L : ] [ r 1
1985 1986 1987 1988 1989 1990 1991

Figure 49. Time plot of differences between central and lateral stations for Total Phosphorus in
CB4.1, 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 50. Time piot of differences between central and lateral stations for Total Phosphorus in
CB4.2,1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 51. Time piol of ditferences between central and lateral stations for Tota! Phosphorus in
CB4.3, 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 52. Time plot of differences between central and lateral stations for Total Phosphorus in
CB5.4, 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 53. Time plot of differences between central and lateral stations for Orthophosphate in CB4.1,
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2
or 3).
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Figure 54. Time plot of differences between central and lateral stations for Orthophosphate in CB4.2
1985-1991. All parameters and transects shown had statistically significant ditferences (see Table 2

or 3).
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Figure 55. Time plot of ditferences between central and lateral stations for Orthophosphate in CB4.3,
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2
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Figure 56. Time plot of differences between central and lateral stations for Total Nitrogen in CB4.1
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).
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Figure 57. Time plot of differences between central and lateral stations for Total Nitrogen in CB4.2
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).

1 .
=
g 0.5
8 ok A JHA
§ mr F} F’iaa
Q
£ -0.5
o
& -1
o
2
-2-1.5
®
? -2
2 — C-W
-25I'77*" Y YT ﬁ ﬁ'r T -.quﬁr
Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct
l_‘l"—l l_ﬁ"_l ;I"—"l L lg L T | L T y L lJ
1986 1987 1988 1989 1990 1991

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Figure B Page F-46

CSC.MN1B.9/32



Figure 58. Time plot of differences between central and lateral stations for Total Nitrogen in CB4.3
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).
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Figure 59. Time piot of differences between central and lateral stations for Total Nitrogen in CB7.2
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).

1 .
£ 05
©
g o0
g
£ 05
jo]
g -1
=2]
e
£-15
®
5 2
ot

a

vf"‘a-

AT

C-w

2.5+
Apr Cct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct

l

1

BB §

|

lllll

J

LI

L

TITY Y

lllllll

] L

LEELE LI

TYTT Y

L —J
L)

)| b i
71|III]I1TT1] TYT ] TYTrTY

1985

1986

1987

J
T

1988

1989

1990

1991

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

CSC.MN1B.9/92

Figure W

Page F-47



Figure 60. Timé plot of differences between central and lateral stations for Total Suspended Solids in
CB3.3 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 61. Time plot of ditferences between central and lateral stations for Total Suspended Solids in
CB4.1 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 62. Time plot of differences between central and lateral stations for Total Suspended Solids in
CB4.2 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 63. Time plot of differences between central and lateral stations for Total Suspended Solids in
CB4.3 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 64. Time plot of differences between central and lateral stations for Total Suspended Solids in
CB5.4 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).

S

E 40-:

0 -

[$) o

c

S 20-

£

a

v

-

-_—— o“

a  {\M

v -

Q .

5]

g -20-

@ 1

= .

w J

s

0'40 T Y rr [Ty rryyyrrry

F  Apr Oct Apr Oc
{ } L T J ] - J bl J L T J I;] ] L : i
1985 1986 1987 1988 1989 1990 1991

Figure €5. Time plot of differences between central and lateral stations for Total Suspended Solids in
CB7.2 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 66. Time plot of differences between central and lateral stations for Chlorophyli ain CB3.3
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).
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Figure 67. Time plot of differences between central and lateral stations for Chlorophyll ain CB4.1
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2
or 3).
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Figure 68. Time plot of differences between central and lateral stations for Chlorophyll ain CB4.2
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).
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Figure 69. Time plot of differences between central and lateral stations for Chlorophyll ain CB4.3
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).
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Figure 70. Time plot of differences between central and lateral stations for Chiorophyll ain CB7.2
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2

or 3).

=80
-100
-120
-140

Chlorophyll a Difference (ugfl)

*

Wy

M‘rﬁ

— C-W

'160 TYreTy T TIrrTYJvrrr? LR RO S S B BN B S BB 0B A e I I S B BB 2 4 l!lr‘lj“lﬁri]’1!ﬁ T)’TTﬁlT1YTI’1’]

Apr Oct' Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct

{

} L '] L - (- 3
T T T T

1985 1986 1987 1988

‘—‘I"J L IJ l T J
1989 1990 1991

Figure 71. Time plo: of ditferences between central and lateral stations for Secchi in CB4.1 1985-1991.
All pararneters and transects shown had statistically significant differences (see Table 2 or 3).
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Figure 72. Time plot of differences between central and lateral stations for Secchi in CB4.2 1985-1991.
All parameters and transects shown had statistically significant differences (see Table 2 or 3).
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Figure 73. Time plot of differences between central and lateral stations for Secchi in CB4.3 1985-1991.
All parameters and transects shown had statistically significant differences (see Table 2 or 3).
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Figure 74. Time plot of differences between central and lateral stations for Secchi in CB5.1 1985-1991.
All parameters and transects shown had statistically significant differences (see Table 2 or 3).
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Figure 75. Time plot of ditferences between central and lateral stations for Secchi in CB5.4 1985-1991.
All parameters and transects shown had statistically significant differences (see Table 2 or 3).
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Figure 76. Time plot of differences between central and lateral stations for Secchi in CB7.2 1985-1991.
All parameters and transects shown had statistically significant differences (see Table 2 or 3).
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Figure 77. Time plot of differences between central and lateral stations for Surface Salinity in CB4.1
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2
or 3).
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Figure 78. Time plot of differences between central and lateral stations for Surface Salinity in CB4.3 1985-1991.
All parameters and transects shown had statistically significant differences (see Table 2 or 3).
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Figure 79. Time plot cof ditferences between central and jateral stations for Surface Salinity in CB5.4
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2
or 3).
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Figure 80. Time plot of differences between central and lateral stations for Surface Salinity in CB7.2
1985-1991. All parameters and transects shown had statistically significant differences (see Table 2
or 3).
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Figure 81. Time plot of differences between central and lateral stations for Bottom Layer Salinity in
CB3.3 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 82. Time plot of differences between central and lateral stations for Bottom Layer Salinity in
CB4.1 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 83. Time plot of differences between central and lateral stations for Bottom Layer Salinity in
CB4.2 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).

124

s
o

o o

H

N

Salinity Ditference (ppt)
o

'
N

A

uJ:JnAul YWY IYUTI FYITE e

— CW — CE

)
N

I I
lllllllllllll TYTTIYT Tty {rTITY TTT V7T TTT] T‘I!TrrT l'l’rerrlrttTr

Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct
i T J i - ) 1 IJ L T ) { T ] L 2 Lj_j
1985 1986 1987 1988 1989 1990 1991

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
CSC.MN1B.9/9z . Figure ® Page F-59



Figure 84. Time plot of differences between central and lateral stations for Bottom Layer Salinity in
CB4.3 1985-1991. All parameters and transects shown had statistically significant differences (see

Table 2 or 3).
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Figure 85. Time plot of differences between central and lateral stations for Bottom Layer Salinity in
CB5.1 1985-1891. All parameters and transects shown had statistically significant differences (see

Table 2 or 3).
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Figure 86.
CB5.4 198

-

Salinity Difference (ppt)

Time plot of differences between central and lateral stations for Bottom Layer Salinity in
5-1991. All parameters and transects shown had statistically significant differences (see

Table 2 or 3).
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Figure 87. Time plot of differences between central and lateral stations for Bottom Layer Salinity in
CB7.2 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 88. Time plot of differences between central and lateral stations for Bottom same-depth
Salinity in CB4.1 1985-1991. All parameters and transects shown had statistically significant ditfer-
ences (see Table 2 or 3).
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Figure 89. Time plot of differences between central and lateral stations for Bottom same-depth
Salinity in CB4.2 1985-1991. All parameters and transects shown had statistically significant differ-
ences (see Table 2 or 3).
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Figure 90. Time plot of differences between central and lateral stations for Bottom same-depth
Salinity in CB4.3 1985-1991. All parameters and transects shown had statistically significant differ-
ences (see Table 2 or 3).
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Figure 91. Time plot of differences between central and lateral stations for Bottom same-depth
Salinity in CB5.1 1985-1991. All parameters and transects shown had statistically significant differ-
ences (see Tablie 2 or 3).
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Figure 92. Time plot of differences between central and lateral stations for Bottom same-depth

Salinity in CB7.2 1985-1991. All parameters and transects shown had statistically significant differ-
ences (see Table 2 or 3).
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Figure 93. Time plot of differences between central and lateral stations for Surface Dissolved Oxygen

in CB4.2 1985-1991. All parameters and transects shown had statistically significant differences (see
Table 2 or 3).
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Figure 94. Time plot of differences between central and lateral stations for Surface Dissolved Oxygen

in CB7.2 1985-1991.
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Figure 95. Time plot of differences between central and lateral stations for Bottom Layer Dissolved
Oxygen in CB3.3 1985-1981. All parameters and transects shown had statistically significant
differences (see Table 2 or 3).
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Figure 96. Time plot of differences between central and lateral stations for Bottom Layer Dissolved
Oxygen in CB4.1 1985-1991. All parameters and transects shown had statistically significant differ-
ences (see Table 2 or 3).
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Figure 97. Time plot of ditferences between central and lateral stations forBottom Layer Dissolved
Oxygen in CB4.2 1885-1991. All parameters and transects shown had statistically significant differ-
ences (see Table 2 or 3).
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Figure 98. Time plot of differences between central and lateral stations for Bottom Layer Dissolved
Oxygen in CB4.3 1985-1991. All parameters and transects shown had statistically significant differ-
ences (see Table 2 or 3).

aaalaaalasa

- O =N

N

ETINTTLETI

)
w

Dissolved Oxygen Difference (mg/)

-10 Frrrrrfrrrer . e A

Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct
{ ) { ] lj J ! - J L T J | 'g L 17]
1985 1986 1987 1988 1989 1990 1991

Figure 99. Time plot of differences between central and lateral stations for Bottom Layer Dissolved
Oxygen in CB5.1 1985-1991, All parameters and transects shown had statistically significant ditfer-
ences (see Table 2 or 3).
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Figure 100. Time plot of differences between central and lateral stations for Bottom Layer Dissolved
7.xygen in CB5.4 1985-1991. All parameters and transects shown had statistically significant ditfer-
ences (see Table 2 or 3).
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Figure 101. Time plot of differences between central and lateral stations for Bottom Layer Dissolved
Oxygen in CB7.2 1985-1991. All parameters and transects shown had statistically significant differ-
ences (see Table 2 or 3).
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Figure 102. Time plot of differences between central and lateral stations for Bottom same-depth
Dissolved Oxygen in CB4.2 1985-1991. All parameters and transects shown had statistically signifi-
cant differences (see Table 2 or 3).
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Figure 103. Time plot of differences between central and laterai stations for Botiom same-depth
Dissolved Oxygen in CB4.3 1985-1991. All parameters and transects shown had statistically signifi-
cant differences (see Table 2 or 3).
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Figure 104. Timc plot of differences between central and lateral stations for Bottom same-depth
Dissolved Oxygen in CB5.4 1985-1991. All parameters and transects shown had statistically signifi-
cant differences (see Table 2 or 3).
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Figure 105. Time plot of differences between central and lateral stations for Bottom same-depth
Dissolved Oxygen in CB7.2 1985-1991. Ali parameters and transects shown had statistically signifi-
cant differences (see Table 2 or 3).

-t
o

H O

L3

]
N

b & b

e C-W —— C-E

" l I
rrrrrrrrrr T TIT Vv T vfrrIrrrrryrrsrrgrrvyvyrrrroy TI'T1 T]’l'l'lllllll TYVLY

Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct Apr Oct

LT_—’I Lﬂ_' %——" L—T—' L"'T_' L T J L 4
1985 1986 1987 1988 1989 1990 1991

Bz Dissolved Oxygen Difference (mg/l)
o N
lllllllllllllllllllllllIlllllllllllllllllllllllll
)

-
o

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Figure WM Page F-70 CSC.MN1B.9/92



APPENDIX |

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
Aroendix | ® Page A-71 CSC.MN1B.9/92






39000
12100
1910°G

1500
SY60°0
100
ey

L150
8050
90
vIsO
$L0S0
tLyo
veso
ey

1000

$0100
§0100
100
M9

00
9200
te00
00
SLT00
8200
§20°0
M9

9000
12100
g
900°C
880°C
S9r0°0
LAY

81570
8610
§L5Q
STHY'Q
S991°0
Sviv'o
wro

1£00°0
£000
£000
2000
S0I0°0
$0100
100
TL

t0'0
§20°0
$L0°0
w00
t200
1200
1200
TL

9000
6100
66900
1£0°0
$690°0
w00
00
U

8890
I85°0
viLo
£89°0
SLE9 O
L6t 0
Yo
Mrs

P00
62000
$1000
51000
100
100
100
My'S

#t00
£t (o
$e20°0
t0'0
$L20°0
200
s200
MPS

wWioo
$1900
$960°0
L20Q
7900
7900
$2500
v's

£950
1540
LYo
50
$LSS0
9150
SLYS0
vs

L0
£1000
1000
1000
100
100
100
4]

S20°0
1£0°0
9700
$570°0
9700
t200
00
Vs

IvL0'0
8110
%670
8600

80°0
L0
Y10
M1'S

S0L°0
$28°0
t8°0
90
L90
90
MIS

SYIsO0
sitro
vLTO
(4441}
$90°0
9L00
600

I'S

V90
160
Lo
90
650

$89°0

| &

$8C000
000
9000
8000
L0000
3000
100

s

L2yo
Iv0 0
90°0
90°0
Y00
$500
Y00
1's

SIp0 O
9210

O8L°0
SRE1°0
S¥60°0
9890°0
1921°0

MEY

1§90
£648°0
2960
1280
Lr9o
81¥9°0
S0SL°0
MEY

S9t00 0
6V00'0
89000

SOv00'0
£9000

S8Y00 0

$8900 ¢

MY

6t200
§2e0°0
£0t0 0
000
pe0 0
P00
6v50°0
MY

61800 6tLOO £850°0 190°0 4300 0110 9990°0 1661
LLIO SLS0 $661°0 £eC0 974 $99¢€°0 SE8L0 0661
L9870 Stv () SLEED 990 9y 0 L6SD 0090 6361

S160°0 $TS10 L601°0 $861°0 H7Al] PA%Y(] $SST0 8361

STLO0 950°0 65210 60810 £21°0 9z0 YA 1861

90L0°0 $950°0 PELOQ) 95110 610 $SIT0 Pra N} 9861

L1600 68010 L0800 SEEi0 e §8L1G tovie $861

N84 MTY 44 My B18 MEE Y AVIAA
YAGO.LDO-TIUAY ‘NADOALIN DINVOYONI GAAJOSSIA OVAUNS

S085°0 o0L’0 ¥85°0 $86L°0 590 9¢8'0 SpIs0 166]
vi9'0 8L8°0 SYOL() S0L0'1 Si9L'0 6E0l 61071 0661

$876 0 #0'l $068'0 90°1 6610’1 wi'l £l 6861
0650 66L°0 S0r9°0 Lo’ $E9L°Q £900°1 SI't 8861

16190 YOTLO £8190 16L°0 T S0S6°0 898°0 L8361

IS0 £ 0 ¥19°0 Lo 61vL0 906°0 ¥198°0 9861

S1090 SOILO §L09°0 Lo 99 0 £L8°0 SPLO $361

10 1% / MTY Ty MY oy MEE oIy AVAR
YAFO.LDO0INIAYV ‘NADOILIN TVLOL ADVAINS

S0L0 0 SLFO00 LTOU0 SYO0'0 SEEO00  $1L000 6000 1661
P00 0 L9000 SLEO00  STEO00 SLYOOO 9L00°0 LLO00 0661
15000 SY00°0 SEP00'0 19000  $8%00°0 69000 $SLOO0 6861
SLEOO O 6V 0 9£00°0 $Y00°0 $£000  $9800°0 $6L00°0 8861
OO0 9100'0 TL00°0 S9000  SYP000 6000 $9L000 L3861
SYPO0 0 SLVOU0 £00°0 95000 §9500°0 $900°0 £900°0 9861
§9¥00 0 SE900 0 SLPO00  STLOO0 LrOO0 8L00°0 SE900°0 5861
oY MY Ty M1y o1 MEE oIy AVIX
YIHOLIO-11HdYV ‘ULVHISOHdOH.LYO ADVIUNS

$20°0 9100 6LT0°0 9EP0'0 ££0°0 yIS0°0 LIY00O 1661

1L20°0 LOVOO LOt0°0 L9900 ££0°0 65100 £I0°0 066}

99200 W00 $820°0 9910 0 vIL00 £6v0'0 6v¥0°0 6361

£120°0 90L0°0 1610°0 L3800 75200 t6r0°0 6v£0°0 8861

9RZ0'0 w0 1700 $050 0 $6£0 0 LLSO'O 1500 L3861

STE0'0 SL10 0 820°0 S610 0 £P0°0 $650°0 SPSO0 9861

£9200 100 $920°0 LTVO0 S0P0°0 £050°0 $8H0°0 $361

o MY Ty My )4 MEE aKe dviax

Y4H4OLIO"HEAV ‘SNHOHISOHd "1VLOL D VJHNS
SLSAM-HILNAD

‘pazAjeue spouiad aw pue sajgeleA |je 10} uoie}s Agq sueipaw |euoseas ;enuuy

“L-Lv 3149Vl

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Appendix | B Page A-73

CSC.MN1B.9/92



8Ll
$9'91
SI18°8
SLT6l
ti1t98t
SEs96l
615961
) €9

ol

6
LS8T9L
el

S8

9

01

M) €9

61’81
sTLl
69l
$91'6l
sseel
£658°07
STSO'IT
(4]

13 24
965C°6
6
§TY
1339
oY
142 I8%
TL

6961
9°tl
t9'tl
RN
6091
pITvLl
$8eyLI
MP's

v,
Fenvevan
U o o e e e —

z

LYs9'6
1143 BB
Al

L
tevi'y
tovy L

MP'S

£t089°9
LLL'tt

ol

91l
LY
9¢88°S
v's

tsvl
$98°E
il
Lyl
S99l
to'vi
eyl
MI's

MI'S

519

MI'S

Sovvl
il
ol
Il

sesvl

§9spl
651

<

[ Ry N e N s

- oC O

9sel
90l
£9°01
S5t
el
tot'tl
tre0vl
MY

v,
VNS

W

2

'Lt
Ll
9tl

vl

£50°01

01
My

6s tl
S0l
sl
S65°Cl
9Lt
tvol'tl
[66s Vi
0% 4

o oe 5e <
W N - - —

<
b R

14

98¢l s6¢tl 9Ll ST0°€l SIETL Szall 1661
Y00l 1001 9.8 SET'6 $66'9 ST0'L 0661
9501 6L°01 80'6 we 568 Se8'8 6861
teCl IS4l Wil SLY'H vol 9¢°01 8941
$9¢'TH V4 YAl 81l 9171 LTol wll L561
£56LT1  £26TEL vI00TL LTI 8IVL6 80Z8°01 9361
99Z6't | 98'tl £926'C1 9920t | 9I1¢' L 950911 S861
MTP 14 2 MIy oy MEE €€ dvax
AAAOLIO-INAdY ‘ALINFIVS ADVIINS

Z1 | Al 9 I Al 16 .
v 91 60 9y i i 0661
¢l 8l I &l I't I 6861
Tl Ll | d Sl SI'l 8861
Sl 6'l £l 9t [ {1 L3861
Al ra4 m I 9’1 $6°0 I 9361
W'l 8l Al Ll | I'l $861
MY Y My vy MEE xE UviA
YIAOLDO-IIUdV ‘HLIAd THODAS

01 508 Tz $L'6 801 961 1661
8l 66 SEel ¢ N2zl Y€l 0661
961 601 6Ll zu al S€l 6861
u 48 6¢l 101 £21 Sl 8861
Y| 5001 §TEl 1 791 961 L1861
wil 'S IS°11 Sy ol sl v161 9361
Ol 0t'L 60'S1 6yl $9°91 L9°SI €861
MTP Ty MIP oy MEE oxE UV
YA4OLIO- YAV ‘V TIAHJOYOTHD ADVIUNS

$09 S SE'L $9'9 $E6 NS 1661
509 LY 0’8 SL'y S0'8 8L 0661
99 ot 68 'y 9 8¢ 6861
569 vy SL SLS SL Vi 3361
I's SOy 9y sLy L SL'S L861
LS Ty 9 TS T3 69 9861
9L L 89 S0'9 6L 9 $361
MTY 744 MI'P iy MEE ot AVIA

AA4OLDO~IIYAYV ‘SUI'TIOS dAANISAS TVLOL dDVAANS
SLSAM-BHLNAD

"pazAjeue spoisad aw} pue sajqeldea [[e 10} uoljels Aq sueipaw jeuoseas jenuuy °(Juod) L-1y 318VL

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Appendix |® Page A-74

CSC.MN1B.9/92



696
9’11

Y6
6901
il
$TOI
501

M9

£l
6L°61
v6'0C
190
P90
86'1C
Y01z
M €9

L6
861

LA x4
are
960
11T
1e
M9

9l

991
69 81
99°Ll
991
9191

M) 9

v 6
17N
886
ts01
S6'11
Sy ol
96

Lee
6507
t87T
tL'tl
AT
6L'v

L X4

TL

8 74
12 RY4
w'sT
v

§'6¢
PIN KA
Loyt

$691
tOLl
4]
9Ll
9Ll
LLLE
8L°61
TL

ol
6111
§5°6
S0l
gl
t'6
6L6
MP'S

6LTl
114!

891
60'Sl
St'st
6Ll
tysl

MP'S

el
6vel
t891

ysl
8961

(43!
sl

MP'S

6T
vl
vLyl
vovi
Loyl
tLed

14!

MY

LO01
8911
$6'6
6201
ST
S0l
80l
v

ot'tl
el
91
WSt
LYST
98°¢l
1761
v'S

10T
80 1T
oL'1T
£8°61
oz
ELAY
te'0T

L6Tl
or'el
SP91
86V
LSt
yLtl
Lo'st
V'S

01
AL
s901

611
A
SSH
81l

MIs

124Y
L

6yl
69'tl
trel

65t
MI'S

617C!1
9t
6791
t0’§1
394!
AN
60yl
ML

att
Lot
96°¢l
95t
69Tl
el
trEl
MIS

SLol
st 1l
S0t
91l
SLTI
$9°01
811
I's

s
LLTI
LISt
Yyl
95°t!

i
L0 vl
I's

991
1Y 81

6381
6591
Natl
vo'Ll
oL'Lt

LN
<601
tZ vl
PIAR!
LECl
vl
LA

s

v ol
vl
v0l
0l
L9
9y 1l
L1
MEY

95°6
866
8961
(24|
9l
LS 11
£y
MLy

90
65 0l
60 Yl
(e
66°CI
It el
Lty vl
MEY

808
LOOY
en
L0l
Lo71

t 0l
PRy |
MLy

60l
Al
SOl
SIol
LT
Ll
1571
%4

o0l
9L01

8Pl
9wl
Yo vl
1221
61 vl
%4

to Ll
$9 81
1T
1'81
96'81
I'81
s ol
1% 4

6
LUGH
121
9 ¢l
(Alrd|

Y6
ba Cl
Ny

s 0l SOTI SO I SI'tt §501 1661
S6°01 srit L0l ol §s01 §5°01 0661
v Ol Yol (A £0l1 Vol yol 6361
66 vl 90l 601 01 S804 8861
01 Syl et 9911 SE01 9101 L8361
Ll AN Lot AN L't YA 9861
el 9t'tl S1Tl wol 80°01 £l $861
MY 74 M1y oy MeE e qviA
(AVIAF-HOUVIN) ONIUdS ‘NADAXO0 AFATOSSIA IDVAUNS
XA 86'6 96 6501 806 6901 1661
6 1001 3t'8 Lot 61l 801 0661
19°41 tlel 6Ll 144 12401 6l'tl 6361
811 tL'el 80°11 61Tl trel Lt 8361
t6°¢l 99°t! Tl 9¥'tl sl 9yl 1361
LT ¢l LLTI 8L 11 1201 sT8 90l 9361
1397 tStl 66T1 9C'tl 8011 9ot ¢86!
MTY Ty MIy ay MEE 014y ¥VIX
(AVIA-HOUVIN) 2NIYdS ‘ALINITVS (Zd) WOLLOY
W6 9Ll 9901 StLl LTl 5091 166l
Yo 6 yisl 0 01 Ll 9 6v'91 066!
9t 91 $02 9yl 86l 90l LO81 6861
L6 1 t0'8l Lyl ye'Ll 19711 Lty 9l 8861
ot tl €881 Wil iy 3l 1Yl Ll 1361
60 ¢l 1'8$1 9 6LI 8I't Iv'st 986!
LA Sr6l el 18°81 vsi STLI §861
MY Ty MIY oy MEE 0 g AVIA
(AVI-HOUVIW) DNIYJS ‘ALINITVS (19) NOLLOd
488 R 318 $T'8 VL9 30°L 1661
056 896 608 §L8 £0'9 s1y 0661
vl 801 1ol LPol §9'6 806 6861
LT L e 9501 6v 0l YA 106 8861
811 g1l £9 01 Ll 81’8 ¥6 L3861
ot Ly'ol ¥6 L $8 LTL w9y 9861
S (Yaa Lz o1 tL01 $8°6 S8 8 686l
MTY Ty MY ay MEE ¢ AvViIA

(AVIW-HDAVIN) ONIAJS ‘ALINI'IVS ZDVAANS
:LSAM-YLINAD
‘pozAjeue

spolsad awl} pue sajqelea |je 10} uolels Ag suelpaw |euoseas [enuuy “(panuiuod) -1y 319Vl

A2
- S
< o
a sz
s
> O
= 3
- |
<
o |
o
[2 o4
wl
-
<
=
=
o
o
<
[
(73]
d
<
[
wl
-
- ¢
-l
(]
=
<
> .
<g
@
S
= 4
w o
°g
ANVD-
o™
m.m
=
o5
O <



69T
191
Lre
61yt
$9'eT
8T'ST
99'sT
w9

LR 1|
1991
98yl
LT6l1
36'81
99°0T
8L°61

VR

90’38
LS'6
58

§56
sT'8
6L'6
) £9

90’8
178
[4% |
t9'8
8
6

w

1'sT
1562
81've
16T
sI'sT
vl
19°LT

TL

166l
vLl
9461
6l
9’6l
61
L
178
L6
96'8
sI'6
3
106
L

6%'L

TL

1591
1744
10l
N Y|
e
6081
9681
MY's

(D]
sytl
SLTH
1061
8991
oLt

ULl

MP'S

6101
9¢°11
856
10l
801
96
6401
MY'S

186
Sl
t5'6
vL 0l

Tl

866
MP'S

t87CT
L0
Lroz
1§°1T
w1t
t$'tl
S0'€T
¥'s

£E91
£9tl
34|
98yl
$591
9Ll

LYL
14

tL9l
¢Sl
(A R
901
ay!
124
1061
MI's

sl
9311
65'6
90y
LI'S]
g1l
wl
Mi's

§5°6
o1l
¢l
vl
SOLt
SL01
9

MI's

v'sl
Wl
866
vl
124
Ll
6s vl

S1ot
$6°01
SOl

to'vl

L1l
99°C1
[4R%!

Lvi
99vl
wl

MY

9Tl
It 11
It 8
£9°Cl
tyvl
68 ¢l
3yl
Mer

SI6
$6°6

66
8y 0l
e
$'9
MEP

S0°6
68

101
v 6
'L
179

MEY

60T
g6l
$p'8l
1t 81
Lty 0
rare
$4°1C
9% 4

[And
83 01
$8°6

6L'Tl
6yl
tivl
ve'sl
% 4

sTO01
't
L6
601
LoH
Y00l
6t 8
% 4

Ly
6k

599
159
vy
95t
oY

60'vl 81°0C 65l tL'61 90l 96'L1 1661
il 61 87l 698l tLtl 31°Ll 0661
[ yT8l 9l 69°Ll 1 ZAN 2091 6861
99Tl Ll 9Tl viLl g1l w9l 8861
vl 1noe 60 vl YA tivi 65°Ll L361
LIyl 6607 yo'vi 9Wwor 88'¢1 Lrel 9861
63vl 1£°1T Syl $8°0¢C Lret 35781 $86l
MUY 144 184 o0y MEE 16 %Y HVIA
(MAHWALIAS-ANNL) YAWWAS ‘ALINITVS (19 WOLLOY
({4 90v1 6Ttl el It 9611 [uol
6901 6901 Lre tt 6 85°L trl 0661
3 568 YL (44 619 LEL 6861
6t'Tl £STl il vL 1l 6v'0l sLol 8361
LTl tovt Wl teel 8Tl s8Il L361
t9'tl 9Ll 691 6671 66 S601 9861
s vl tLvl 95¢l I'vl 1231 344! .61
MY 044 MY 0184 MEE o8t AVIA
(FHIWALAS-ANNL) AIWINAS ‘ALINI'TVS IDVIHNS

S6'8 36 Y 39 323 [ BY 1661
ol I t'6 L8 sv9 t'9 0661

L $'6 t'8 t'6 t'6 6 6861

L6 Lé6 63 v6 SO°L L'L 886l
L9 6 9901 888 696 SLy i L361
9y 176 Lre 68°L $9°8 3 9361
$6 ol 66°L 9L 88 1§01 3.0
MY 014 4 My 0184 MEE e AVIA
(AVIN-HDYVIA) UNIHUCS ‘NADAXO dIAT0SSIA (29) WOLLOd
A 4 $0'9 YA s8¢ 9T 1661
L6 YA 4 '8 oy t9 [A? 0661
I'L 9L L v9 t'6 L9 6361
Lo v9 3 S L vy 8861
18 'Y L't w9 139 4 L1y L861
L'L 59 6L 17 98°L 1A Y 9861
vy 6Lt S6'L Lot S6'L 99T $861
MTY Ty My o0 MEE e AVIA

(AVIA-HOUVIN) ONIUdS ‘NADAXO AIA'TOSSIA (19) WOLLOY
LSIM-UAINID

‘pozAjeue
spouad awil pue sajqeldea jje 10} uoiels Aq sueipaw jeuoseas jenuuy ‘(panuijuod) -1y 319Vl

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Appendix | B Page A-76

CSC.MN1B.9/92



LLy 9T’y 89°9 L 79 P9 ¢S gy S0's s § Tt s 9y 1661
POt 1284 69'L 9L'L 569 $v9 94 09 o'y Sy 9P (44 Sie Sty 0661
e P8t £0'L 8 £9 69 $T 2y 67 2 z 9t '3 £y 6861
88y 69' 889 96'L A L N Y Ly $TL ¢ 09 'y 6% 8861
S1°¢ ¥y X 59 A LY Lrs ¥ZY 0§ 999 $6C 87t 6v'E we 1361
Ly 4% 69 SO'L 89 L LLS Y 1Y 9 S6't 9y 19°1 St 9861

Sp Lv§ SE'L tLL 99 89 Pt g1y 647 LS e e £9'7 £0E $R61

(M £9 TL MY'S Vs MI'S s MEY ey MTY R4} MmIip oY MEE a6 UVIX

AUWNALIAS-ANOL) HIWIANS ‘NADAX0 dJATOSSIA (Td) WOLLO™
1<y vy L9 (2 ¥ (YA 6t'0 S8y 800 § 2 41] Sy £0°0 (NIXY 80°Q 166l
vye oLy 6t'L 60T s N4 'S 0 § 10 42 §1°0 $6'1 10 0661
A 6Lt 90'L L1 Ly i'0 | £0 Ll 70 8l 70 e L0 6861
8y v s eLS Lyt 9’y (YA 4 A\ 8T I'0 I't 600 123 800 8861
Iy Iy SL'E 611 I's 80 vy Lo 8y | 741] 6Lt Lo t8'C 10 (86!
Ly v 8y £9 T 79 9l st L0 8¢ Lo £t 800 T 0 9861
9wy Ly 99 £yt 9 $6'1 LT o Yoy §1°Q L't 10 T [7At $861

(M) €9 TL MYs Vs MI'§ s MEY o6 MTP T MIP Iy M€ o6E AV

(A YWALIIS-ANAL) HAWIWNAS ‘NADAXO0 dZATOSSIA (T4) WOLLOY

vl (i} 80°L e 9 9’y L9y SI'L sty 't 'L sl aL SL'8 1061
It L Iy YA 618 N2 iL 8 $L 68 8 SL ol SLL <61 4t 661
vLg 6% Is°L rAVR | L8 L viL 08 ¥8 se'y I'6 59'8 I'8 S0'% 6861
99 W 98°L 8 ¥y L yL 8L 13 vy L I'$ $eL y) 8861
te'L 0oL t0'L L9 st9 SO°L $9°L A g irg 906 74 } 6’8 62’6 LRol
99 6t'L 8L 5L 1L Le oy L 89'¢ e Al Iy 1y 06 w 9861
StL 4.9 8L oL StL SvL 9'L L LSL 9L 169 VL 89 I't S861
(M) €9 Tl MP's 'S mI'g s MEY a0 MTP Ty My N MEE ¢ WVAA
(HAIWALJIS-ANNE) HAWANS ‘NAGAXG A 10S81d ADVAANS

(81T %74 £91 w9l 896} Lesl vl LTl 60 ¥ 98'p) 95| £L7) 60t 96°¢ | 1661
ivic 26'¢t ti'pl 98t} tieH t8 1 o il vl It 11 sl 09} Ll 0] $6'0} 0661
86 0T 19 7T eLTl 2.7 90l 9501 19 11 Ly ¢l AN 1| Lty 0| YA 0b'6 820§ 6861
Py e NN ¥4 st ¢l s 90l 6l'vl 9L ¢l (AR 9l tL Tl 96°1} 6L Tl Lt Tl 3861
£8 7T (AR /4 L9l o0 Ll LTS 142 LR} (sl girl Y oL't| Ly tlv) wtl L8361
st 2 4Y4 | /R LI A 174X} ovl Lyl vl 66 ¢ 9t ¥y 2341 n'yl $6'S] 68t 986!
|2 Y4 98 4T WLl Ll LS4 L4 sl Svi Prad| tLpl Iy} 1851 KOS | vl CR6]

(M £9 TL MY'S Vs mIs rs ML JEY MTP Ty mIv oy M o6 AVIK

(A A WALIAS-ANNL) aNWNS ‘ALINITYS (24) WOLLO4E
FLSHM-YHLNA)
| "‘pazAjeue
spouiad awi} pue sajqeueA [|e 10} uonels AQ SUelpaW |BUOSEDS jenuuy “(panuiuoad) 1-1v 319Vl

CSC.MN1B.9/92

p

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA
i @ Panc A77

Appendix



#9000
YAy
Lyv00
15200
$200
$290°0
0
K (4

3250
pra gy
1850
9¥0
190
SOvro
9510
K (41

SO0
£t 0
t000
91000
S010°0
100
100
a7

00
9700
oo
8100

SPT00
o
1240V

aTL

Y900 0
12100
Lo
90
800
S9r0°0
o
TL

81570
3610
SLY0
ST 0
S99Y°0
Svvro
wyo
TL

1£00°0
t00
t000
000
SO10°0
$0100
100
(4]

W
ST0°0
SY00

200
£<0 0
120°0
1200

Tl

P8t U
o
67t

STO0'0

wri'o

11010

12,748V

a©y

¥85°0
S61L0
L06'0
S9L9 0
9190
£Luy 0
1£90
Iy

£r000
SSLO00
Yoo
SRL000
SPs000
oo
S65000
acy

LYTH'y
Yo
P00
2000
S0t0 0
t00
1e0 0
08 4

61800 s0°0 £850°0 11900 890°0 tsv0'0 99900 1661
Lo 310 $661°0 9170 9o SEE0 ce8e0 0661
$9£°0 6vt’0 SLEL0 ¥0s°0 9tr'o 90 $009°0 6361

1600 6210 S601°0 Lo 1070 6vT0 $567°0 8861

STLO'0 90000 6210 91010 IXAN] $S1T0 8570 L3861

90L0°0 1811°0 y6L0'0 1tzro 6vio SES1°0 9o 9861

L1600 Yo110 L030°0 $660°0 110 SHITo t9v10 £361

8 4 Cra 4 RNy qaiy oy irce e AVIA
HAOLI0TIUdV ‘NIADOULIN DINVOIIONI AIATOSSIA ADVIINS

L0850 $809°0 ¥85°0 3790 £99°0 SELL0 Svigo 1661
y19 0 1t9 0 SYOL'0 SSLLO SIYL0 £660 6101 0661

$8C6°0 Lz6 0 S068°0 ¥86°0 S610°1 (A1 91l 6861
7080 190 S0v9°0 t18°0 S£9L°0 66960 sl 8861

16190 0590 £819°0 9Lyo Y09L°0 6vi6 0 8980 £%61

Hys0 59650 vi90 8t79°0 61vL'0 L6L’0 v198°0 5661

S109°0 SLI90 St09°0 Y90 $99°0 [AYA Y] VLo $861

iKY ay iy aay oy e e AVIA
YA4OLIO-TIUdV ‘NADOULIN TVLOL IDVAINS

S0L00 O 000 Lo 3000 SEL00°0 woo'o 6t00°0 1661
000 6L00 0 SL£000 S000 S0 78000 LLOOO 0751
1500 0 17000 SEv00°0 £600°0 $8100°0 $800°0 §SL00°0 6861
SLEOOO S8T00°0 91000 Lr0'0 8t00°0 £L000 $6L00°0 8861
00’0 SevOu0 000 SL00'0 S9v00°0 $PLO0O $9L00°0 1861
P00 STR00'Q £000 SLY000 $9500°0 $1900'0 £900°0 9861
SO100 0 vS00°0 SLY000 L9000 00 65000 $£900°0 s861
Y 1wy iy are oy e e Aviax
AAEOLDO-114dYV ‘A LVHASOHJOHLYO ADVAANS

3700 LI 6LT0'0 Pieoo £’ tOv00 Lo 1661

1£20 0 vZt0 0 L0L0 0 6LE0 0 tL0°0 (A% 10} £t 0661

9920 0 $920°0 $820°0 86200 PiL00 00 6v10'0 6861

Lizo’o LTW'o 16100 L0 o 5200 6200 6v£0°0 8361

98200 Ht00 100 99t0 0 86£0°0 900 150°0 L3861

L300 t00 82070 Y47 t'0 $$0°0 P00 986!

£9¢0 0 LLT0°0 $910°0 00 SOr0 0 ev00 3800 s6l

N4 Ty v ary 0184 aee it qviA

A4OLIO- YLV ‘SNYOHISOHd 'TVLOL ADVAANS
SLSVAYAINAD

‘pazAjeue

spouad awl} pue sajqetiea jje 10} uoliels Aq sueipaw jeuoseas jenuuy “(panunuod) -1y 319Vl

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Appendix |® Page A-78

CSC.MN1B.9/92



vi'IT
19'61
t08l
$£°0T
$99°0¢
AR A4
vELLIT
4L

™ o€ — T o
™ == N = =

g

7L

8BLY'S
9t9'L
9
SL'S
Y29
[4Y
wolL'
L

4!
A

~Noe

aw

9TV’
965C°6

79

11 5Y
(34
il
TL

6
6
56
DY
St
S8
L

79 ¢
Sl
S6 01

STL'T

S6e't!

os ¢l
leeL'yl
ey

v

E — N -

<3
&y o

s

L

I'6

8L
7o
tosy Y
8CLTR
v

t
S6 v
ov
(YRS
Iy
1%
SLy
€ 1% 4

o5t
SOl
syl
S08°CI
Yr'el
AN
1665v1
01 4

O o ¢ o€ O
T o O] e e o

o
Mt

4%
v
9y
(YA 4
v

64
1010 4

Iy |
[N

9s O
Tl
06
SEA6'T
sl

(SN 4
(24
L'y

YAY

sl

14
SN
KYa 4

sov bl $26'C1 SeOLl 811 S7za] 1661
I L6 [NYAQ 498'9 YA RS 0661
6L°01 17 e 8 SC¥'8 6861

WET NTRI! L9l §T9°0| 9501 8861

§78°C1 9T} 91Ty 121 wil 1361

6Tt} rax At LyE1'Tl teLa) SOC8'01 9861
98't} poss't} 9920t B6£9°[ | 9609 | $86!
TP A0y O 4 i [ a6¢ AVAA

UAOLDO~IIYdY ‘ALINITVS HOVAHNS

81 9l 91 4| Al 1661
9l ¢l gl | | 066!
gl vl vl 4 I'f 6861
SL §81 Vi v') sl 8861
61 Lt 9] 71 Uy L861
[Aré 9y 94 bl i 9861
8] § Ul Vi vl $861
Ay K18 4 BiN4 ace K¢ dYiA
UFH0LD0- 1INV ‘HLAAA IHDDAS

0’8 I'6 W6 Ay 961 1661
66 96 % LU el 0661
6'0) S0l o 671 (9] 686}
88 1'6 101 76 St 2861
SO Ot $6°01 it £8°91 96l L3861

LEvy'S L99¢°01 98y 0l LEL'G] 98¢l'61 9861

986T°L SePL0f ci8vil 6616'¢1 SL99°6l 861
dTr are Iy qe€ e dAVAX

YA4OLDO-1IAdV ‘V TIAHdOHO THD AIVAUNS

[ (34 £9'9 69 (Y] 1661

(Y 4 LS (Y 4 69 (S92 0661
6t 9y Sy (AN 8N 6361
vy Ly LS $0'9 ye 8861
SOy (44 SLy <89 [YAN L3861
(A 4 Is YAN 6y 69 9861
L ey S0Y I'L 9 861
N4 4 q'y ]84 age o6E AVIA

AAYOLIOVIIAAY ‘SUAITOS UAANAISAS TV.LOL ADVAUNS

'LSVH-SALINAD
‘pazijeue

spoliad awl} pue sa[qeliea jje 10} uonels Aq suelpaw [euoseas jenuuy “(Panuiluod) |-1y¥ J1dvL

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Appendix | ® Page A-79

CSC.MN1B.9/92



08'6
901
vi6
0’6
I'rt
101
656
qTL

A ¥4
1294
(444
LOYT
L6
85°CC
9T
qTL

tyle
v 0t
657
60'tT
86°1¢
65T
9T Tt
qTL

9Ll
196!
L6l
01T
$56'61
89°61
95°0C
L

vy'6
vt
$8°6
ts 0l
S6'H
Sy 0l
96

1't¢
$8°0T
S1et
o0 ¥Z
e
Loyt
89 ¢

L'ye
| 2.8 %4
st
VA 74
(¥4
9L'LT
L6V
L

v6 91
Lo Ll
ol
99°L1
19°L1
LL Lt
8L ol
L

$8°01
STl

tol

66
9wl
91 {1
S0Tl
acy

Ie'Ll
SLl
10°0¢
95 91
S481
81 LI
6931
K DN 4

g Ll
g6°LI
10°0Z
L69Y]
981
SPLl
99 81
iy

890
Ly'ot
19 11
te Zl
66 ¢l
Lol
9l ¢l
ary

60l
A
Sl
101
LTTl
L1
1521
01 4

tL Ll
St 81
Ve
to Ll
96 81
L0 81
sp 6l
10 1 4

Lo Ll
9 81
1L
i3l
90'81
131
s ol
9 1% 4

Y6
Lol
111
Urard|
i ¢l
Vo
YRl
LY

SO'LE SO°H SOt I S6°01 ssol 1661
St SETL 901 ol §5°01 S50t 0661
sot ol [41! ol tol vol 6861
Lol v0l 1ol 601 1 $8°01 8861

6v'0l s8It 6v'el 911 Syl 9ol L861

1$°11 wH I e 95714 SUTI 9861

65Tl 9etl L86 wol Lt 1821 s861

iy 844 a1y oy ace o't ViR
(AVINFHOUVIA) ONIYEdS ‘NADAXO0 dIATOSSIA IDVAANS
0l 36'6 w9l 9L9I £e'8 L' 1661

101 10°01 SLs1 tL9l 8L 80°6 0661

ARy tl'el $S81 8t'6l Wwe e 6861

6s ¢l tLTl LL9l tv9l ol 90l 3861

iadl 99°tl 991 SY°Ll 144 6T'tl 1861

9Lel Lt 6791 seLl ws vL'g 9861

60vl to'el 8e°LI P8l 95701 e $861

Kta4 974 4 ary oM a5ee axe HViIA

(AVIACHOEVIN) HONIUAS ‘ALINITVS (24) WOLLO™

8601 98'Ll 3191 SeLy ol S0'91 1661

vl 1741 ({3 WLl 1421 6v'91 0661

to'e! ST §581 g6l 8L'6 L0'81 6361

to'Tl t0'81 2.2 Ll Wil v 91 8861
vyl t3'81 1Ll Ll S1 8v'Ll 1861

98U '3t 6L'91 6Ll 811 184! 9871

el 6l 3t°LL 1881 £901 STLl $361

K144 074 4 a1y oy qace ore AP S

(AVIN-HDUVIN) HONIddS ‘ALINI'TVS (19) WOLLOY

88 8 $3'8 Ly T8 899 80°L 1661

L6 %96 Y06 SL'8 w9 s1'9 0661

80l 801 121l L0l 568 80'6 6361

Ly 31 68 01 6v 01 3t'8 106 8861

8011 et vl LIt $9'6 vé6 L861

1001 ol 86 8’8 L0y we 9361
el (X4 to !l tL 01 956 S8 §861

4T 074 4 ary oy ace o't dVIX

(AVIN-HOUVIN) DNIUAS ‘ALINI'TVS 4DVAdNS
LSVH-HULNID

‘pazhjeue
spouad awl} pue sajqetdeA (je 10} uolje}s Aq sueipaw jeuoseas jenuuy ‘(panuiuod) -1y J149avi

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Appendix | ® Page A-80

CSC.MN1B.9/92



oty
L9YTe
'’
6LYT
1y’
N AY4
L9'st
2L

31T
S6l
991
910z
$8°07
et
6607
dTL

(4%
ool
36’8
1£'8

68
9T6
aATL

98
1ol
176
618
t6
68
tl'6
AATL

(Y
15°4¢
b3 74
16 4T
N NY4
ve'll
19 LT

L

16'61
vl
PINY!
L o1
9L'61
61T
99'0¢
L

JAVR }
9z6
veo
85’8
6
'8
L33
7L

05'L
v 8
o
3038
S8
SO L
8
L

$S 61
9y §1
voLE
Ll
9L°61
S0C
Wiz
ay

9t
[ 1t
o
o8 Cli
6L vl
9 i
I sl
1wy

Ot
U4
LL
SL
9
ST
SS¢
ax'y

S8t
S0
Lt
L3
94
vy L
§4t
'y

spouad awi} pue sdjqelea |je 1o} uone}s Aq

0C0¢
8ol
sv 8l
1t 81
Ly 0L
1L
3 A
01 4

wvl
88 Of
86

6L
oLyl
vl
2991
9% 4

St
(%
6!

99

t9y

919

94 ¢

910 4

Ly
SOp

oL
S99
Is9
iy
9y ¢
1% 4

19'51 81°0¢ 81 tL 61 (434! 96'LL 1601
vl 6l 9P 6981 AA LA 0661
Ly Tl 174 1! sl 69°L1 L6 091 68601
0y ¢ WLl Ly'si vILl 9811 Tyl $861
v §l 1107 8y'Ll 8761 68°C1 65'L] L3861
8661 660 £8'81 Wwoz t0'tl Lret 9861
Pyl (1% Y4 6v'8l 880 LSvl 8681 $86!1
Ty 0144 are iy q<ce ofE IVIA
(AAYINALLAS-ANNL) HAWIANS ‘XA LINITVS (14) WOLLO4
[A\R4! YW vl1 69! Ul £l 96'11 1661
99 0l 6901 ot tr'6 9L tvL 0661
613 $6'8 st (44 9 Lyl 6861
ILel Lsel 96°11 vLTd 88°01 sLol 8861
vl 1213 4| ovel tetl 91 $1'1 L8361
PLER 9! 61tl 661 $6°01 S6'01 9861
L8 vl tL vl th vl I'vl Lt A Al $861
ATy Ty Ay a0y qee 1Y dViIA
(HAIWALIAS-ANNL) HAWWAS ‘ALINI'TVS dDvV4uNS

Ly $8°6 £ Si't sTL SL 10061
Vil 1 8t v SL8 A 0661
Sv 6 $'6 ‘L $9 01 66 6861
16 L6 [ s I'6 v 8861
ot 9901 Sy Y 89 Lo'L 1861
O 176 v s Ity 601 1ol 9861
YL 0l [ 60t ] t'el §g6l
qy 0144 K184 0184 qee ote WVIA
(AVIW-HOUVIA) ONIHAS ‘NASAXO d4ATOSSIA (Z4) WOLLOY
3 y $6°C YA 1Y B 9T 1661
'L SLy 14 v §9'9 it 0661
06 9L 69 ¥y ol LYy 6861
<o ¥9 P ) 14 ] 3 4 386!
[AY0 vy Ity w9 ows L1 89 L361
Leo6 9y o8's vis 1'6 Lty 9861
618 oty 9 s Loy 6L 997 $861
AT 0147 are oy qet ote 4viA

(AVI-HOUVI) ONIUAS ‘NIDAXO0 dAATOSSIA (14) WO.LLOY
(LSVA-HALINAD

‘pazAjeue
sue|pawl |euoseas jenuuy ‘(panuijuod) -1y 319Vl

L]

CSC.MN1B.9/92

COMPARISON OF MID-BAY AND LATERAL STATION WATER QUALITY DATA

Appendix | m Page A-81



Los
v
Lot
thy
9 ¥
S
vy
4L

el
Yol
Y 8
I L
Ly L
oL
L
K A

Us
s &
Yt
tss
W
A
PR A
L

Iy
[N
ol t
tvs

Iy
B %
s
L

U
ity
0%
S L
o9 L
oy L
KBl
L

1hse
Pl
IR
[N
RIS Y
N
LEY

L

ISYRY

10
ss ()

Y
Y
ra
10

e 4

JAVRY)
<o
L0

shd

ts 0

1c0
)

qLy

W9 Y

I ¥
8L
WYL
aL'y

NOOC

ol
0l U
ey

oy
Rt
‘ F'
tou
It 0
Qo
o
hy

S0
0
t )
Y
it
st l)
(]
v

vl

L
PV
sy L

CX
Y L

[
NP

CX
Oy
Ot

L

ISy

tLe

MO

wr

CLv o

Y

v Y
OOl
[
iy
i r

Tu Y
PRI

{»
LbN
P.—x
1ol
Yi L

qr

Ll
Yot
L
yltl
Ltusl
Lol
NS

- -
Y O 100 SOV 9’y 661
%7 o o sis LS 060
ry s11) 510 oS 68 681
St 1y 0 68 LY 3801
WY o %10 9y %9 ¥ L8]
1) i) $00 Ly 309 9861
s st w7 oL’ 09t (%14
T4 4 “qp o0p Iy oy T dvViL
QUAE WAL LASTINIL) WAININS ‘NADAXO d4A'10sS1d (2d) WOL.LOd
o 00 t0 0 A% 800 I661
$10 <0 sl o iy sl 0661
ST 0 0 9t St O8I
10 ) o 0 SLS 30 0 1861
) )] Lt tLy vl 0 L3 1
Lo o0 200 Wt vo'u 981
$10 Lo t1o (Srd 4! SR
19 1t 4 KINS iy Ay Y dvVd4dA
(ot d WL EASTINGD) AW DS NA2AXO GAATOSSIA (1d) WOL.LOH
L s L S 9L SLY 1661
SL % S SLL £l Tl 0661
NI S L WR 6 SO % 0861
ST WO L 1% t'L tRY 8501
Ity 1%L vy %9 % 626 LR8G.
bl O L (R 9s 8 LUy 9%G1
ML S0 Y viL WY 1L SRG1
974 4 41y NIk awe oy HVd4A
(AAYINALDASANNY) HAWNWAS ‘NADAXO dIATOSSIA 4IV.14NS
98 vl t Nl Ol 6 4N fou!
el YLl MLl oy 0l vz ul 0601
il sl Ll SOL 88 01 0861
tL il 6 Y1 99 Y1 g1 11 vl 8801
ISl oL 2l 16l Dol 91 L L8l
Y 1 S8t 1o Ys T 08 {1 986l
TRy Loal 80 O el LI | SRl
D 2 4 KIN ANy 4t Ity dvViA

KT

(UAUINALAASANAL) AAWWINS ALINIIVS (T4) INOL.LOY
SLSVH-HALNYD)

‘pazA . eu
spouad awi} pue Ssc|qeleA (B 40§ Uoleys AQ sutipulld [LUOSEas jenuuy  (PINUIUOD) -1V J1dVL

e

IiD-BAY AND LATERAL STATION WATER QUALITY DATA

OF

0
v

CONMPARISO!

Appendix |® Page A-82



