


Table 5. Little Lagoon Watershed Study

Probabilistic Sampling

Station ID Key

Station # Water body Latitude Longitude
deg min sec deg min sec

LL-01 Shelby Lake 30 15 &7 -87 39 44
LL-02 Middle Lake 30 15 39 -87 38 28
LL-03 Shelby Lake 30 15 43 87 39 50
LL-04 Shelby Lake 30 156 17 87 40 4
LL-05 Little Lagoon 30 15 16 -87 42 2
LL-06 LL/Shelby Bayou 30 15 15 -87 41 27
LL-07 Little Lagoon 30 15 1 -87 43 2
LL-08 Little Lagoon 300 15 8 -87 42 5
LL-09 Little Lagoon 30 15 28 -87 41 33
LL-10 Little Lagoon 30 14 56 87 43 2
LL-11 Little Lagoon 30 14 54 87 42 8
LL-12 Little Lagoon 30 14 44 -87 45 1
LL-13 Little Lagoon 30 14 82 87 44 2
LL-14 Little Lagoon 30 15 0 87 42 5
LL-156 Little Lagoon 30 14 50 87 45 3
LL-16 Littie Lagoon 30 14 47 -87 44 5
LL-17 Little Lagoon 30 14 40 87 44 6
LL-18 Little Lagoon 30 14 35 -87 46 5
LL-19 Little Lagoon 30 14 37 -87 45 5
LL-20 Little Lagoon 30 14 38 -87 45 2
LL-21 Little Lagoon 30 14 25 87 48 24
LL-22 Little Lagoon 30 14 25 -87 47 5
LL-23 Little Lagoon 30 14 27 87 47 1
LL-24 Little Lagoon 30 14 26 -87 46 1
LL-25 _Little Lagoon 30 14 26 87 45 4
LL-26 Little Lagoon 30 14 21 87 49 5
LL-27 Little Lagoon 30 14 17 -87 48 12
LL-28 Little Lagoon 30 14 16 -87 47 4
LL-29 Little Lagoon 30 14 19 -87 48 3
LL-30 Little Lagoon 30 14 15 -87 48 3
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Table 6. Little Lagoon Watershed Study
List of Probabilistic Sampling Parameters

Parameter

Method Detection Limit

Water Physical
Water Clarity (secchi)
Depth

Temperature

Specific Conductivity
Salinity

page 15

Total Suspended Solids 5.0 mg/
Total Disssolved Solids 5.0 mg/l
Turbidity 1.0 NTU
Hardness 2.0 mght
Alkalinity 1.0 mgft
Water Chemical

. Dissolved Oxygen —
pH —
Ammonia 0.01 mg/l
Nitrate+Nitrite 0.005 mg/l
Total Phosphorus 0.005 mg/l
Total Kjeldahi Nitrogen 0.1 mg/l
Biochemical Oxygen Demand (5day) 1.0 mg/l
Water Biological
Fecat Coliform 1 col/100ml
Chlorophyil - 2 0.1 mg/M®
Sediment Organo-Chlorine Pesticides
Chlordane 0.0015 ug/g
4,4-DDD 0.05 ug/g
4,4'-DDE 0.0025 ug/g
4,4-DDT 0.08 ug/g
Aldrin 0.0022 ug/g
alpha-BHC 0.034 ug/g
beta-BHC 0.0033 ug/g
deita-BHC 0.0011 ug/g
gamma-BHC (Lindane) 0.025 ug/g
Dieldrin 0.044 ug/g
Endosulfan-| 0.03 ug/g
Endosulfan-il 0.0024 ug/g
Endosuifan Sulfate 0.0036 ug/g
Endrin 0.039 ug/g
Endrin Aldehyde 0.0016 ug/g
Endrin Keytone 0.001 ug/g
Heptachlor 0.04 ug/g
Heptachlor Epoxide 0.0021 ug/g
Methoxychlor 0.86 ug/g
Toxaphene in solids 0.05 ug/g
Sediment Metals
Aluminum 310 ug/g
Arsenic 0.90 ug/g
Cadmium 0.03 ug/g
Chromium 3.0 ugfg
Copper 7.0 uglg
Lead 1.00 ug/g
Mercury 0.06 ug/g
Nickel 9.0 ug/g
Silver 0.1 ug/g
Tin 0.6 ugfg
Zinc 12 ug/g
Barium 60 ug/g
lron 600 ug/g



Probabilistic Sampling
Results and Discussion

Numeric results of all probabilistic sediment and water quality sampling and
monitoring appear in Appendix A.

Based on the Probabilistic Sampling portion of the survey, and EPA guidelines
for data assessment, all of the surface waters of the LLW are meeting or exceeding the A
prescribed State water quality standards and these waters are fully supporting their water
use classifications.

In-Situ Water Quality

In-Situ water quality refers to those parameters that can be measured in place or
under actual conditions. These parameters are some of the most frequently used to
evaluate water quality because of their speed and relative low cost. Thanks to
technological advances in field instrumentation, more parameters can be measured /»-
- Situ than ever before.

Dissolved Oxygen (DO) is probably the most important /n-situ parameter because
it is a fundamental requirement for all aquatic life. For all water use classifications
applicable to waterbodies of the LLW, state regulations specify that DO concentrations
shall not be less than Smg/1 except in dystrophic waters or where natural conditions cause
the value to be depressed. In waters less than 10 feet total depth, this standard is applied
at mid depth in the water column. In waters greater than 10 feet total depth, the standard
is applied at the 5 ft. depth in the water column. Generally, a DO of 2mg/1 or less is
considered to be extremely stressful to most aquatic organisms. This condition is known
as hypoxia (low DO) or anoxia (no DO). For a variety of reasons, hypoxia/anoxia does
occur naturally, as is the case in the Mobile Bay jubilee phenomena where fish and
invertebrates are literally driven onto the shore to escape low DO water. However, when
these conditions become prevalent for long periods of time it can have a severe
detrimental impact on an estuarine ecosystem. '

In the LLW 97% of the waters had mid-depth DO concentrations of 5 mg/l or
better; 2% were between 4 and 5 mg/1; while only 1% were less than 4 mg/l. The lowest
DO recorded was 3.74mg/l. The area of lowest mid depth DO concentrations was located
at the extreme west end of Little Lagoon (see figure 4). Generally, bottom DO
concentrations are naturally lower than surface or mid-depth concentrations and hypoxic
bottom conditions are not uncommon in coastal waters. However, persistent hypoxic or
anoxic bottom conditions can be very detrimental to the benthic (bottom dwelling)
community. In this survey only 2% of the waters had bottom DO concentrations less than
2 mg/l (see figure 5). '

All other in-situ water quality measurements collected for this part of the survey
were within the normal ranges for coastal waters and within state standards.
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Fecal Coliform Bacteria

Fecal coliform bacteria (FCB) are used by the ADEM as indicator species to
indicate the possible presence of sewage or animal waste. FCB occur naturally in the
environment, but consistently elevated numbers can indicate a continuous source of
contamination. Potential sources for this contamination include failing septic systems,
leaking or overflowing sewage collection lines, and runoff from residential or natural
areas with large domestic or wild animal populations.

The FCB standards applicable to the waters of the LLW vary depending on the
water use classification. Little Lagoon, with its Shellfish Harvesting classification, has
the most stringent FCB standard requiring a geometric mean less than 14 colonies/100ml
of water with a single sample maximum of less than 43 col/100mLl. In the case of this
study, the sampling regime was not sufficient to calculate geometric means, therefore, the
one sample maximum of 43 col/100ml was the standard for evaluation. The three lakes
within the State Park are classified for Swimming and require a geometric mean of less
than 100col/100ml. There is no one-time sample maximum standard for this
classification. The interconnecting marshes, canals and residential canals fall under the
Fish and Wildlife classification and have a standard of 1000col/100ml (geo. mean) or
2000col/100ml in any one sample.

None of the probabilistic sampling sites revealed concentrations of FCB in excess
of applicable use classification standards. The highest FCB concentration (46col/100ml)
was found at LL-6, which is located in the canal between Little Lagoon and Lake Shelby.
Overall, the fecal coliform data for the probabilistic portion of the survey indicate low to
background levels of FCB contamination (see figure 6).

Nutrients

Increased nutrient input to a waterbody from point and nonpoint sources along
with the internal recycling of nutrients can result in a condition known as eutrophication.
This condition is most often expressed in an excessive phytoplankton bloom with reduced
water clarity and an increased potential for dissolved oxygen depletion. This study
measured concentrations of chlorophyll and four comron nutrients as indicators of
possible nutrient enrichment. In the absence of State or Federal criteria, this data was
assessed based on criteria used in the Coastal ALAMAP, which states that nutrient
enrichment is indicated if at least one of the following is true: 1.)chlorophyli-a exceeds
20 mg/m3, 2.) concentrations of ammonia (NH3) are greater than 0.2 mg/1, 3.)
concentrations of nitrate/nitrite (NO3+NO2) exceed 0.5 mg/l, 4.) total Kjeldahl nitrogen
(TKN) exceeds 1 mg/l or, 5.) phosphate (PO4) exceeds 0.1 mg/l.

94% of the waters in the LLW showed no signs of nutrient enrichment. The
chlorophyll-a concentration at station LL-2 in Middle Lake was 20.0 mg/m3. This was
relatively high compared to the rest of the sites sampled, but nutrient levels for the site
were normal. Two sites in the west end of Little Lagoon did reveal elevated
concentrations of TKN and NH3, but this enrichment was not expressed in the
phytoplankton bloom as indicated by the low chlorophyll-a levels at these sites. Overall,
this survey indicates that while there may be small areas of nutrient enrichment, it does
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not appear to be a major threat to the water quality of the Little Lagoon system (see
figure 7).

Sediment Metals and Pesticides

The benthic flora and fauna is an integral part of the estuarine ecosystem and is
dependent on good sediment quality as well as good water quality. Sediment samples
from the 30 probabilistic sites were analyzed for 13 metals and 20 organo-chlorine
pesticides. In the absence of State and Federal criteria for sediment quality, the observed
concentrations were compared to “Ecological Response” levels developed by Long et al.
(1995). These response levels establish three ranges in a given contaminant’s
concentration where detrimental effects are rare, occasional, and frequent. These three
ranges are defined by two threshold concentrations known as Effects Range-Low (ER-L)
and Effects Range-Moderate (ER-M). Values below ER-L rarely result in detrimental
effects. Values over ER-L, but under ER-M result in occasional effects and finally, values
over ER-M are likely to result in detrimental effects. Ecological Response guidelines are
based on literature reviews of sediment toxicity studies.

Metals occur naturally in the environment and concentrations found in sediment
can vary greatly depending on the geology and water chemistry of a given area. For the
purposes of this survey, metal enrichment was gauged by the number of metals over
ER-L. The degree of enrichment was divided into three categories: 1) none or slight
enrichment (0-1 metals over ER-L), 2)moderate enrichment (2-3 metals over ER-L), and
3) heavily enriched (>3 metals over ER-L). 79% of the LLW sediments showed no metal
enrichment or slight enrichment. 21% showed moderate enrichment, while no sediments
showed heavy enrichment. In the area that demonstrated moderate metals enrichment (see
figure 8), seven of the sites sampled had arsenic (As) levels over the ER-L value. Of
those seven, three were also over the ER-L for nickel (N i), three for chromium (Cr) and
three for mercury (Hg). In the current and historical absence of heavy industry or
agriculture in the watershed, there are no obvious sources of these metals. Two of the
metals in question, chromium and arsenic, are used as preservatives in treated lumber,
which is commonly used in construction, especially in piers and boathouses. While this
survey did reveal concentrations of certain metals slightly over ER-L, these levels are not
uncommon in coastal Alabama sediments (Carlton et al 1997) and none were over the
ER-M threshold.

Organo-chlorine pesticide analyses indicate no contamination in any of the
bottom sediments of the LLW. Laboratory results for all 30 sediment samples came back
as “less than method detection limit”. The soil associations described previously for the
LLW are likely the main reason that sediments of the Little Lagoon system show little or
no organo-chlorine pesticide contamination. Agriculture, one of the common sources of
some of the more persistent and harmful pesticides in the environment, has never been a
feasible land use anywhere in the watershed. Also, the abundant wetlands located in and
around these waterbodies contain significant amounts of organic matter, silt and clay,
which provide adsorption surfaces for toxic materials making these contaminants less
available for bioaccumulation into the food chain (Brantley, 1999).
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Site Specific Sampling
Results and Discussion

Numeric results of all Site Specific water quality sampling and monitoring appear in
Appendix B. Much of the data is graphically depicted in figures 9 through 15.

As mentioned previously, the location and timing of sampling used in this portion
of the survey was designed to target areas and times of greatest potential water quality
impairment and to provide representative coverage of the Little Lagoon system. Two
general areas of impaired water quality were identified. Both of these areas demonstrated
low DO and slightly elevated FCB concentrations.

Station LLSS-7 at Windmill Ridge Road was located near the entrance to a large
network of man-made, residential canals. This is the largest of three such canal systems
located on Little Lagoon. Poor flushing in dead-end canal systems such as this can lead to
the buildup of pollutants associated with storm water runoff from residential/urban areas.
This problem can impair water quality during the summer months when these systems are
most stressed. Normal tidal fluctuations, in essence, just move the same slug of water
back and forth within the canal system. It is not uncommon for such canal systems to go
for long periods of time without a complete flushing. The most common water quality
problem encountered in these circumstances is low dissolved oxygen (DO)
concentrations. Another water quality problem sometimes encountered in dead-end canal
systems is higher than normal concentrations of fecal coliform bacteria (FCB).

Station LLSS-7 (see figure 2) demonstrated typical water quality problems
associated with a dead-end residential canal system. DO concentrations were below 5
mg/1 (at mid depth) on three of the five months in which DO measurements were taken.
The average mid-depth DO concentration for that period (most readings collected near
mid day) was 4.6 ppm. This station also demonstrated slightly elevated fecal coliform
counts (>100 col/100ml) on four of the six sampling events.

ADEM has addressed the issue of dead-end residential canals. Coastal regulations
now contain language prohibiting the construction of new canals or the expansion of
existing canals for the purpose or effect of creating new waterfront property ( ADEM
Admin. Code R. 335-8-2-.07).

The other area of impaired water quality identified in the Site Specific portion of
the survey was within the marsh and canal system between Lake Shelby and Little
Lagoon. Stations LLSS-5 and 6 (see figure 2) demonstrated hypoxic conditions with
slightly elevated fecal coliform counts on at least half of the sampling events. Like the
man-made residential canal system, this area also demonstrated inadequate flushing. The
weir located at HW 135 on the west side of Lake Shelby, which was designed to maintain
water levels and control salinity in the Gulf State Park lakes, impedes the natural flow of
water through the area.
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Station LLSS-5, located adjacent to this weir on its west side, demonstrated the
least favorable water quality of all the nine stations sampled. The average mid-depth DO
concentration at this site for the sampling period was 2.18 ppm. Because of their shallow
depth, and organic loading, it is not unusual for estuarine marshes to experience hypoxic
conditions during the hot summer months. This site also displayed the highest average
temperature of all the sites sampled (30.3 °C or 86.5 °F). High water temperatures,
organic decomposition, and phytoplankton respiration will naturally depress DO
concentrations. Similarly, station LLSS-6, located about one mile west of LLSS-5, also
exhibited slightly elevated FCB levels and mild hypoxic conditions. While the depressed
DO in this area may be attributed to natural causes, it is likely that this problem, as well
as the FCB problem, is exacerbated by the lack of regular flow through the area. Salinity
readings demonstrate the weir’s influence on the water chemistry in this system (see
figure 15). The average mid-depth salinity for LLSS-5 was 21.6 ppt, while the average
salinity at LLSS-4 (the next site east of the weir) was 6.3 ppt.

While the FCB concentrations encountered at LLSS-5, 6, and 7 (see figure 10)
were frequently greater than those observed at other stations in the study, they did not
exceed the Fish and Wildlife water use classification standard of 2000col/100ml. As
mentioned previously, FCB occur naturally in the environment, but consistently elevated
numbers can indicate a continuous source of contamination. Potential sources for this
contamination include failing septic systems, leaking or overflowing sewage collection
lines, and runoff from residential or natural areas with large domestic or wild animal
populations. Throughout the course of this study, no obvious sources were observed.
Officials with Guif Shores Utilities, which provides sewer service to the area in question,
knew of no leaks or breaks in the collection system. Other reported potential sources
were investigated, but proved unsubstantiated.

The Little Lake sampling site (LLSS-1; see figure 2) was one of the sites selected
to provide representative coverage of the Little Lagoon system. Because of the remote
nature of this waterbody and the almost complete lack of any potential anthropogenic
impacts in the localized watershed, it is likely that the hypoxic conditions observed in
Little Lake during July and August were of natural origin. As mentioned previously,
these conditions are not uncommon in coastal inland waters. All three State Park lakes
have darkly stained waters caused by naturally high levels of tannin (the same substance
that gives tea its characteristic color). This dark coloration limits the depth of light
penetration in the water column thereby producing a shading effect and limiting the
oxygen production of photosynthetic algae. This dark water also absorbs more heat
further reducing oxygen solubility. These factors, especially when combined with heavy
loads of organic decomposition, could readily result in hypoxic conditions (Dr. David
Bayne, p.c. 2000). Also, the main source of water to Little Lake is from groundwater
inflow, which is generally very low in DO. Hypoxic conditions were not observed in
Middle Lake or Lake Shelby.
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The site specific nutrient data was evaluated based on the same parameters used
in analyzing the probabilistic nutrient data. With the exception of some periodic slight
TKN enrichment, the nutrient levels appear normal at all nine sites (see figures 11 - 14).

All other site specific sampling and monitoring indicates good overall water
quality throughout the LLW.

Review and Conclusion

The most important features that contribute to the overall high water and sediment
quality found in the waterbodies of the LLW are: approximately 50% of the watershed is
maintained in either State Park or National Wildlife Refuge with minimal impact land
use; there is currently no, nor historically has there been, any heavy industrial or
agricultural operations located anywhere within the watershed; the shallow depth and
limited access to Little Lagoon limits commercial development (i.e. marinas); the
permanent opening and maintained dredging of the Little Lagoon Pass by the ALDOT
provides a continuous exchange of water with the Gulf of Mexico; and perhaps most
importantly, the pervious sandy soils, flat terrain and abundant wetlands act to filter out
much of the pollutants generated within the watershed. It is this last feature that is
probably most at risk.

At this time, there do not appear to be any significant, pervasive water quality
problems within the LLW. However, as more and more of the watershed becomes
covered by impervious surfaces (i.e. asphalt streets and parking lots, concrete driveways,
sidewalks and rooftops), direct runoff to the surface waters becomes a greater potential
source of pollution. Impervious surfaces collect and accumulate pollutants from the
atmosphere, leaked from vehicles and all the many other sources associated with urban
development. During storm events, these pollutants are quickly washed off and rapidly
delivered to aquatic systems. There are many things municipalities, businesses, and
residents can do to minimize the source of these pollutants and their discharge to surface
water. Direct drainage of storm water runoff to surface waterbodies should be avoided
whenever possible in favor of percolation disposal where runoff is allowed to soak into
the soil. Property developers and city planners should consider the use of dedicated
greenways where a portion of the land developed is set aside or even engineered to
naturally treat storm water runoff and act as a buffer to protect nearby surface waters.
Parking lots, driveways, and sidewalks could be constructed out of pervious materials
such as shell and gravel instead of concrete and asphalt. Bulkheading of waterfront
property should be avoided whenever possible in favor of natural buffer zones or riprap.
All lawn and garden fertilizers, herbicides and pesticides should be used sparingly and
responsibly and on-site septic systems and sewage collection lines should be routinely
inspected and evaluated.
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Appendix A

Little Lagoon Watershed
Probabilistic Sampling

In-situ Water Quality
And
Results of Laboratory Analyses




Key to Abbreviations

Temp. = Temperature (°C)

DO = Dissolved Oxygen (mg/l)

Cond. = Specific Conductivity (umhos/cm)
Salin. = Salinity (ppt = parts per thousand)
NH;= Ammonia (mg/l)

NOs + NO, = Nitrate + Nitrite (mg/l)

PO4 = Total Phosphorous (mg/1)

TKN = Total Kjeldahl Nitrogen (mg/1)

TSS = Total Suspended Solids (mg/1)

TDS = Total Dissolved Solids (mg/l)

Turbidity (NTU = nephelometric turbidity units)
F. Coliform = Fecal Coliform (colonies/100ml)
Chlor-a = Chlorophyll a (ug/l)

BOD = Biochemical Oxygen Demand (mg/1)




Little Lagoon Watershed Probabilistic Samples
In-situ Water Quality

Station Date Time Secchi Depth Temp. DO pH Cond. Salin.
hrs M M °C mg/l su umhos/cm ppt
LL-1 7/20/99 1150 07 Surf. 29.82 6.27 7.21 10430 59
Mid. 29.69 6.06 7.14 10440 59
Btm. 2.1 29.33 4.60 6.95 10480 6.0
LL-2 7/20/99 1010 0.6 Surf. 29.97 6.43 7.03 8230 4.6
Mid. 2965 5.86 7.01 8420 50
Btm. 1.8 29.63 4.30 6.84 8750 5.0
LL-3 7/20/99 1210 0.8 Surf. 29.75 6.60 7.33 10460 5.9
Mid. 29.73 6.59 7.30 10430 5.9
Btm. 2.8 29.25 5.86 7.15 10370 5.9
LL-4 7/20/99 1230 0.8 Surf. 29.47 6.67 7.36 10440 59
N Mid. 28.47 6.65 7.35 10460 59
Btm. 1.0 29.45 6.21 7.36 10410 5.9
LL-5 7/22/99 1210 0.8 Surf. 31.41 5.83 7.58 39330 25.0
Mid. 31.29 5.82 7.58 39160 25.0
Btm. 1.5 30.39 5.24 7.57 39660 256
LL-6 7/22/99 1235 btm. 0.6 Surf.
Mid. 32.98 4.79 7.31 30730 17.9
Btm. 0.6
LL-7 7/22/99 1120 btm. 0.7 Surf. 30.73 6.03 7.69 40400 26.0
Mid. 30.73 6.03 7.69 40400 25.8
Btm. 0.7 30.61 6.04 7.70 40780 26.2
LL-8 7/22/99 1140 0.8 Surf. 30.98 5.88 7.59 39320 25.1
Mid. 30.90 5.88 7.59 39570 25.1
Btm. 1.3 30.63 549 7.59 39260 25.2
LL-9 7/22/99 1245 0.7 Surf. 31.95 5.02 7.44 38420 246
Mid. 30.71 5.55 7.51 38550 24.6
Btm. 1.1 30.49 5.30 7.52 39440 25.2
LL-10 7/22/99 1126 0.7 Surf. 30.67 6.04 773 41070 26.3
Mid. 30.67 6.02 7.73 40800 26.4
Btm. 1.0 30.41 5.84 7.73 41370 26.5
LE-11 7/22/99 1200 btm. 0.4 Surf.
Mid. 31.53 543 7.52 38960 25.0
Btm. 0.4
LL-12 7122/99 1025 08 Surf. 30.39 5.92 7.95 43400 28.0
Mid. 30.30 5.85 7.95 43650 28.0
_ Btm. 2.8 29.77 487 7.89 43490 28.2
LL-13 7/22/99 1050 1.1 Surf. 30.17 593 7.87 . 43330 28.0
Mid. 29.60 5.47 7.90 45150 29.2
Btm. 2.2 28.97 2.79 777 47000 30.4
LL-14 7/22/99 1145 btm 0.4 Surf.
Mid. 31.47 535 7.51 39010 249
Btm. 0.4
LL-15 7122199 1005 btm. 0.5 Surf.
Mid. 30.29 5.61 7.91 43780 28.3

Btm. 0.5




Little Lagoon Watershed Probabilistic Samples
In-situ Water Quality

Station Date Time Secchi Depth Temp. DO pH Cond. Salin.
hrs M M °C mg/l su pmhos/cm ppt
LL-16 7/22/99 1045 0.9 Surf. 30.15 5.98 7.88 43330 28.1
Mid. 29.55 5.64 7.91 44800 29.0
Btm. 2.4 28.91 2.93 7.75 46770 30.6
LL-17 7/22/9% 1100 btm. 0.7 Surf.
Mid. 30.31 6.39 7.90 43370 28.0
Btm. 0.7 .
LL-18 7/21/99 1215 1.0 0.1 30.35 6.19 7.97 43840 28.1
1.0 30.29 6.29 7.98 43870 28.2
1.5 30.07 6.43 7.99 43860 28.3
2.0 29.55 594 7.96 43400 28.2
3.0 29.41 2.93 7.78 43880 28.3
Btm. 3.3 29.39 1.39 7.63 44080 28.2
LL-19 7/22/99 940 08 Surf.  30.17 591 7.94 43600 28.2
Mid. 30.09 5.86 7.94 43440 28.2
Btm. 2.6 29.75 4.44 7.86 43950 28.5
LL-20 7/22/99 1015 0.8 Surf, 30.31 6.02 7.96 43440 28.0
' Mid. 30.29 6.00 7.96 43230 28.0
Btm. 2.6 30.07 4.96 7.91 43680 28.1
LL-21 7/21/99 1030 0.5 Surf.
Mid. 31.04 511 7.63 42730 275
Btm. 0.6
1L-22 7/21/99 1135 0.6 Surf. 30.45 5.51 7.91 43920 28.3
Mid. 29.75 4,99 7.88 43760 283
Btm. 1.9 29.57 5.81 7.94 43670 28.6
LL-23 7/21/99 1200 07 Surf. 30.19 6.61 7.98 43790 28.2
Mid. 29.85 6.40 7.98 43670 286
Btm. 2.6 29.43 5.46 7.93 44080 28.4
LL-24 7/21/99 1230 1.1 Surf. 30.39 6.49 7.99 43520 28.2
Mid. 30.35 6.51 7.99 43640 28.1
Btm. 2.4 30.19 6.58 8.00 43500 28.1
LL-25 7/22/99 950 btm. 0.3 Surf.
Mid. 30.47 6.52 7.97 43760 28.3
Btm. 0.3
LL-26 7121199 1000 btm. 0.4 Surf.
Mid. 30.35 3.74 7.62 41670 27.4
Btm.04
LL-27 7121198 1100 btm. 0.5 Surf.
Mid. 30.71 6.04 7.80 43230 27.9
Btm. 0.5
LL-28 7/21/99 1150 0.7 Surf. 31.12 6.75 7.98 43760 28.3
Mid. 30.63 6.60 7.98 43780 28.3
Btm. 1.6 29.79 5.49 7.94 43820 28.4
LL-29 7/21/99 1045 0.8 Surf. 30.37 6.58 7.90 43370 28.0
Mid. 30.27 6.59 7.90 43450 28.0
Btm. 2.0 29.57 5.60 7.87 43850 28.4
LL-30 7/21/99 1120 08 Surf. 30.37 6.70 7.91 43230 27.9
Mid. 30.19 6.64 7.90 43220 28.1
Btm. 2.0 29.69 6.00 7.85 43160 27.9
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Appendix B

Little Lagoon Watershed
Site Specific Sampling

In-situ Water Quality
And
Results of Laboratory Analyses




¥4 00 oL'L 856 SyoZ g0 wq
Sz 005¥ 0L 9’9 S92 ¥O Pw
4 9Z 0052 9 260  z200 0v0'0 0’0 6 ory 812 929 IylZ LOMNS  euou  Qogl

0z 009¢ 59'0 60¢ le'ie 80w
0¢ 009¢ 199 8v'e 6v'ie  v'0pw

¢ > 0 0%z § > 0L 800 0900 50 Oc . 009 699  ¥8C  BGIE  1OPNS  suou 00V 66WER
oe 0ees 899 we 1608 80 'unqg
62 05€S 0L'9 ¥SE 080  ¥0 PW
B2 VR 0Bl @ 091 00 900 100 0€ 086§ 19 /GE 080 _LOpns euou  OEB 66/LIL_
gL SPURU o PUPU L PM O PUPU 8T 0908 e QLS 606C YO PR BUOU S8 66/2/9

00sy 8.9 09 90/ 80 'wig
1r4% 4 89 vi'G 822 vOopw

SMS VY o0Tsz 7 0ZTL ¥800 €100 100 0esy 89 8G9 0S4/ 1O Hns  euou 16 66/02/S
€ pu pu 640 §Z200 iv00 ¢00 pu pu pu pu L'0 'Uns  suou 0044 66/L/v

WO0LA0D <> NIk 1BW <> bW <> bw < _\NE <> bw <> b <> ydd  woysoywrd ns /B D W voenq siy

wiojod'4  Aupiging sai SSL NML *Od ZON+EON Y ‘ujes ‘puo) Hd oq dwey  ydeq mo)4 swiy 8ieq

POAIBSqO

aeTomIT 1-SST11
sa|dwieg ayy1oeds 8)s paysiajep uooBe o




Ly 00eg 6L eyl 699 - 80 wyq
9 ooes e £e'8 20l VYo pPw
cl .06 ogsy 6 0€'L 000 0100 €0'0 9y osz8 448 VP8 ASLT  Lopns  suou  0zel  G6/Z6
Sy 0808 ¥5'L 19 9%'le 80 wiq
Sy otLs 9L 8e'L €8l v0 pw
L&k k608 el 0El €00 4100 .Sy .0u8 608 061 6g1e _Lomns  suou  oziL 66/v2/8
0's 0288 ve'L L9 €voe 1L wig
6 0088 LAV g9 §6'08 650 pw
o OFL o VL08ES eb  09% OO €O 100> OG  0088 _ GZL 229 650¢ L'Opns _euou 006 66/L/L
. puopu o pu U e PP VS OE6  €9L | SEL  EOBZ  VOQPW  euou b6 66/2/9
8 sv  OeLy ¢ 00 8200 2100 100 @V OSv8  vEL _ 199  €VIZ b0 Py Buou 666 66/0Z/S
pu pu pu pu pu pu pu pu pu pu pu pu pu pu euou pu 66/\/v
WooHNod <> Nk Wbw <> pBw <> pbw <> Yow <>  pbuw <> BW <> dd  woysoywr ns /6w 0. W uonvelQ siy
uuojjod’d  Awpiaing Sar  SSL NML  Pod “ON+'ON  °HN ujes  'puop Hd oa duwer  wdea  wmey  ewip 9jeq
poalesqO

o}eToIPPIN Z- SST1
sejdweg ayoeds ol paysiejepm uooBe spm




6'S 00cot 612 166 SL'ST L) wig
86 0/z01 9L . §§9 86'GZ G680 ‘piw

0 v 0885 S ¥80 6100 0S0°0 810 s 0ozoL €L 8€9  bO'BZ LOoMNs  w oggy _ 86/L/6
9'S 09001 S6'9 16°€ 86°0€ £ wig
YA 0668 v0'L by 8Z'lE G690 pw
1 6v 0005 6 OVE 8200 0600 100> 6% 08  ObL 095 _EVIE LOHNS_ no GeLL  66/ve8
0’9 08501 1oL (34 L6 ¢ wq
£g 06v6 oLz 86°'G €008 S90 pw
I €5. 0995 € 0§} 2600 9100 100> TS 0228 €L 519 l20E__tO¥ns _ euou 076 66/L/L
69 ooz 1A ge's e biwig
8G - O0£L01 L 18'9 Sk'8T L0 'pw
.08 pu- pu PP R P P LS 0866 €Y. 969 ozee Youns o 0001 66219
€9 020t 1 viL 609 8l'9C €)1 wyq
_ 66 0ZvoL Si'L vZ'9 59 690 pw
8 ... 0S oL0§ Ob P60 1e00 _  S000 > 200 6V  0£l8 Lo BVL SS9 M9Z L0 Hns  euou 066 66/02/S
114 pu pu pu oL'o > [200 €100 100 > pu pu pu pu pu 1’0 ‘4Uns  auou 0oLl , 66/L/v
IWooLAD <>  NIN bW <> bW <> JBW <> oW <> oW <> BW <> dd  woysoywr ns _\LmH 2. W uoposlg siy
wiofiod’ 4  Aupiqing sal SSL  NML *od ZON+*ON CHN ‘ujleg ‘puo) Hd oa ‘dwey  ydag molg awiy 8jeQ
POAIBSAO

oBpug z py Wed ajeg yino ¢ - ssS1
sajdureg ay1oadg e)ig paysiejep uoobe ey



_oie.

0

pu

L

pu

e LB

g

1S
pu
48

pu

IWooLA0Y <>
wiojljog 4

ik
Aipiquin) say

goee zo0pw .95k e6ive8

oLgz  zopw

bW <> JBw <> bw <>

dwey jeog Aqjeys exe - SST
sojduieg ayji0edg 8)is peysiajeps uooBe) o



8'6C 0009y 10 LS 69'92 lLwg
9'6¢ 08G5¢ S’ €06 09'9¢ 40 pw
Ove 0. oosie e ¢90  S¥00  S000. > 100> g8 0S¥ 90L Oovy 889  bouns ... 9SGk 66/LZ/6
09l 0CL9e 089 050 Gote bl ung
9'GlL 06.52 8.9 1400] 0¢e  L0°pw
. §8 000  O0F 860 800 000 800 €0+ 089/ §8'9 _ 9bT _  iyeE  LOMNS o oLcy _66/ve/8
58l 00462 £€8'9 990 GE'TE 0’1 ‘wiq
0G4 006vZ 89 89t £6°'1€ G0 pius
.89 vy 00iL ozL  vk00 1200 v00 eoL 006LL 989  wve ¢80E  LOouns o S00b __ 66/4/L
6'vZ 0.06¢€ ¥6'9 vZe £6'62 §'L "unq
gz 0eL8¢€ €6'9 02 000 6.0 P
8 Py pu pu pu o pu P pu, Q€c . 0%2eE  l0L  OCE€ €662 LO'MNS euou  OE0L  66/2/9
8'ee 00.5¢ 9.9 80°0 1262 €'l wng
£0e ozlze ¥L'9 69t €008  S90 'piw
..oz 6y 006,  § > €0 ¥EOO G000 > 100 80,  O€8L €89  OEY SUUZ LOHNS N0 6zl 66I0ZS
L1744 0L0 > +£00 G000 100 > pu pu pu pu pu 10 'uns u ocll 66/LIv
WooLA0d <> NLn  WBW <> 1Bw < ybw <> pow <  ybw <o ybw <> dd  woysoywrd ns /b 9, W uojReIIg sy
unojjoD 4 fwpiaing. salL SSi NMYL *Od ZON+*ON °HN ‘ujes "puod Hd oaq ‘dwe) tdag Mol auny 8jeq
paaIesqO

(119m jo apis ysom) abBplig S¢1 MH 9J8IS 6 - SST
sa|dweg o|j100dg 8)|g paysiajepp uoobe o




Soe 0004y 18°L 0L'G 85°9¢ 8°0 "ung
G'og 0169y 18°L 19'G 09'9¢ 0 pu
443 £01  oolie L& v90 €500  S000 > J0O  GOE 0S89y 8L 696 099c __touns euou  ozii  66/12/6
¥'ye osvee €5 L Se'e 6e'¢ce g0 ‘unq
6'€C 00044 66 Sy esee ¥'0 Pl
.. 09 vLi 00961 /2 §80 0500 _ S000 > 100> 08 0882  L€L Ty VGEE_ LOMNS o 06z 66/VZ/8
1’92 0690v eyl rAVl 4 voe 90 "uiq
. o've 0¢Z6e rA' A 08¢ ev'oe €0 Pw
0s 49 ooese k413 0t0> vv0OO _  2L00 100>  L0Z  0882E  €TL bty 6Ot tOUNs ;o 0vol 66/L/L
€0t ooesy ¥s'L ev'y y9'8e L0 uig
262 oveby 6€'L 1A 4 66'8C GE£'0 Pl
9. pu pu pu pu. __pu .pu pu i8¢ Q0ovy 9L STY  LL6Z _ VOQ'Mns  euou S0l 66/2/9
0o < 8 00861 W 190 8200 §000 > 100> 982  00Shv  6SL  2€G  TYLZ  ¥OPW o 0S0L  66/02/S
0.9 010 > 800 Bod 100 > pu pu pu pu pu 10 ‘Hns ino 00¢1 66/L1v
WQoLA0d <> Nin  WBW <> pBur <> yBw <> pPw <>  ybw <> pow <> dd  woysoywr ns 16w De W volRBlg Siy
uuopoD 4 Aiping sqL SSi NYL *Od ZON+ON *HN ‘ujeg ‘puod Hd (ol ] ‘dwe) thdeq oty owlj sjeqQ
panjesqQ

yinoy jeue) abejA nokeg 9 - §ST
sojdweg o)j100dg a)iS paysiajepp uoobe i



€500

v Z§L oogee 8¢ §5°0 0200 100 g'ie oLl8Y 06'L 696 192 STOPW euou  0op0L  66/12/6
14 ¥'8  0082¢ 1S 18°0 L¥0°0 L€0°0 100 > 0ce 0.€6¥ 80’8 69°L 0g'ie Scopw  Jno olel 66/¥c/8
b9 (0L o08le 62 010> ¥¥00 2200 o> 982  oleve  99L  16F  I66C STOPW WO Opi)  B6ML
9 pu pu pu L ) pu LPYo L6z 089Sy 08 GE9  SGUZ  SZOPW W OGLL  B6R/9
¢ > 01 00e0E 8 Z¥0 G000 > G000 > 100>  OOC 0609 808 S99  GEOZ SZOPW W Ggl  66/0LsS
St pu pu pu 01’0 > oo 5000 > 100 > pu pu pu pu pu 1°0 ‘pns no §eeh 66/LIv
IWgOLN02 <> NIN  IBW <> pBw < ybw <> Jbw <> bw <> ybw <> ydd woysoywni ns bw 9. W uolenq sy
w00y 4 Aupigin). sal SSi N)L 'Od ZON+EON SN ‘uljeg ‘puoyH Hd ¢ ‘dwe yideQ Moy iy oleqg
panisqo
ssed uoobe sy 8- SST
so|dwies oy10adg ejig paysiejep uoobe el
00y < LS 00062 ZL %90 _ 9¥00 _ _ S000 > 100 > €94 _00G _ 6V9Z  GEOPW euou 00V} 66/42/6
_ .08 €L 0061 £ €L0 600 9200 100> L2 994 e8Y  C0EE  TOPW o 0STL  66/KT/8
.89 99  00viz 8 0ro  Lv00 .o 00> 9z (€64 8vp  T8OE  ZO'PMw o O b 66/L/L
vai pu_ pu pu BB oL U U908 L S 42 ‘.E“mm..s_, £0'pw o Obi} 667219
el 0. 00582 24 880 6600 000 > 00> 682 86, ElS  86/c  eOPW o GLLL 66/02/S
08e pu pu pu 01’0 > €00 2000 600 pu pu pu pu pu 1'0 ‘Hns no oiel 66/L1v
JWooLN00 <> N .; pow <> ybuwr <> |Bw <> YW <> . pbw <> pbw <> dd  woysoyturd ns /6w Do W volpeIg s1y
unojioy 4 Awpiaun). saL Ssi NIL 'od tON+ON *HN ‘ujes e Hd oa ‘dwie) yideQ Moj eunj ejeqg
PonBsaQ

ebBpug py o8P NwpuM £ - SST
sejdweg 3jjjoedg olis peyssejep, uooBe o



VEE 09605  z6L L6 609 1L wig
VeE 06605 262 ¥6S  L1'9Z G50 puw
5000 > 100>  1'ee 08605 Z6% 068 0292  LOMns  euou  0l0L  66/4Z6

ab €6 00¥E 9z 990 500

L'ie OLLLp €0'8 80'9 I6'te /10 'ung
o'ze ooosy 08 0g'9 9c'ze  GE'0 plw
.60e  06eLy 108 829  cgee L'0’Hns  euou oeel 66/¥2/8

9 E4L Oovze oy 280 2400  0WOO 100 >

.%o 06 009 Sz 620

o OO eE OB2SP M08 b9 I¥OE  pOPW  euou oozy  _e6/uL

e..> PPy pu pU o pupu ol P VAE L 0%BLY  SBL VZS  SLUZ pOPW euou  ggyy 66/e/9

¢ > v9  ooee @

§000. MO0 >  9lE  OEY8Y  86L  Z¥9  OL6Z b0 PW  suou 0SkL . 66/02/5

€ > pu pu pu 09'¢ 1200 9000 00 pu pu pu pu pu 1’0 'pns  suou ovzi 66/L1¥

IWOOLA0D <> LN bW <> |BW <o VbW <> bw <>  yow <> [oWl <> }dd  wossoyurd ns /6w D W vojpong sIy ,ﬂ.
wiopioyd ANl SaL SSL NML  'Od4  YON+*ON  SHN ‘wies  °puop Hd 0q dwel  uideq  way  ewy  eeq
panesqQ

pu3 ysep uooBey oy 6- ST
so|dweg oyjoadg a)jg paysieres uooBeq oy




