Handout for Understanding White Lake Workshop #1, July 9, 2019:  


White Lake Source Water:  Rainfall Amounts

White Lake monthly rainfall in inches, as measured at the Town’s Wastewater Treatment Plant near White Lake Drive.  Long-term rainfall records at the Cape Fear Lock 2 at Elizabethtown are provided for comparing White Lake’s rainfall by month with long-term trends (these averages are called “normal” Elizabethtown rainfall on the website www.usclimatedata.com)


[image: ]


Rainfall in 2018 would have been above average even without Hurricane Florence.  This amount of rainfall provided flushing of the lake, which was beneficial for water quality.  Following the high rainfall associated with the September hurricane there was a short-duration algae bloom in October 2018, after which the water clarity improved quite noticeably.


[bookmark: _GoBack]Rainfall for January through June 2019 (22 inches in 6 months) is quite close to the average, or normal for the area (22.7 inches).  However, very high temperatures in May raised both lake water temperatures and evaporation rates at a higher than normal rate for that time of year.



White Lake Source Water:  Rainfall pH Changes

Rainfall pH levels, measured at the National Atmospheric Deposition Laboratory in Clinton, NC
[image: ]
The pH of rainfall in this area was once quite similar to the pH of groundwater (in the mid-4s).  This has changed over time, with an increase of one full unit (or a 10-fold change, as pH is a logarithmic scale) in rainfall pH over a 15-year time period.

As rainfall to the lake surface is the major source of water to the lake (over 90%), this pH trend helps to explain why the lake’s pH is no longer as low as it once was.  In addition, photosynthesis by algae and aquatic plants can further elevate pH levels during summer growth periods.  Higher pH opens the door for bad actors like the invasive aquatic weed Hydrilla and harmful algae.  High pH can also cause other undesirable changes in lake chemistry.  
The high pH last May (before the alum treatment) was due to the ongoing algae bloom:

[image: ]

White Lake Source Water:  Groundwater Flow

Dr. Peter Zamora (UNC-Wilmington) and Dr. Chris Shank (Bald Head Island Conservancy) recently completed a year-long study of White Lake and its groundwatershed.  The following figures are taken from their April 2019 report:
[image: ]
Their modeling and isotope studies indicated that there is only shallow groundwater entering the lake at this point in time, with groundwater flow contributions to the lake ranging from near zero up to 6% of the total lake volume, (since the groundwater contributing zone is a relatively small area):
[image: ]

Groundwater flow on the western side of the lake is moving away from the lake, and groundwater levels are typically very close to lake levels (top figure below).  More groundwater leaves the lake from the discharge zone (which includes the lake bottom in the deeper portions of the lake) than comes into the lake from the eastern contributing zone (where shallow [red] and deeper [blue] groundwater levels vary in similar ways, as the bottom figure indicates):
[image: ]

A Shallow Lake:  White Lake Water Depths and Lake Levels


[image: ]

 The first depth survey of White Lake was conducted in 1947 and a bathymetric map of depth contours was subsequently created (Frey 1949).  The deepest point in the lake was 10.6 feet, and the average depth was 7.5 feet.  The lake surface area was 1,068 acres, with 4.8 miles of shoreline.

A recent survey by NCSU researchers using Lowrance and Biobase software found a maximum depth of 9.6 feet with an average depth of 6.4 feet (NCSU 2018).  The above survey map approximates conditions in June 2019, in which maximum depth is less than 9 ft and average depth is less than 6 ft (NCSU 2019).


Long-term data indicates annual fluctuations in lake levels (and therefore depths) are generally 10-15”, with extremes of 24-30”




[image: ]

The above data collected from July 1984 to July 1988 by John Sharp, NC State Parks Superintendent; there have been other time periods when rainfall, evaporation rates and lake levels have been monitored, and it is not uncommon for evaporation to exceed rainfall (on an annual basis) at White Lake.  


All of the Bladen County Bay Lakes show very similar trends in lake level variation—see the web site www.lakelevel.web.unc.edu and click on View Lake Data, then NC Lakes.  The lake level gauge at Goldston’s Motel Pier is part of this monitoring program.  This gauge is not set at a specific elevation—the intent is to monitor absolute change over time.
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Monthly Rainfall (inches) for White Lake, Compared With Elizabethtown Long-Term Averages

Month 2019 2019 2018 2018 Total- E-town E-town E-town %
Monthly Cumulative Monthly Year to Monthly Total-Year of Total-
Date Average to Date Year to Date
January 2.75 2.75 4.20 4.20 3.81 3.81 7.7
February 2.25 5.00 2.00 6.20 3.44 7.25 14.7
March 3.25 8.25 3.95 10.15 3.91 11.16 22.6
April 7.25 15.50 6.75 16.90 3.12 14.28 29.0
May 1.20 16.70 7.70 24.60 3.67 17.95 36.4
June 5.25 21.95 10.00 34.60 4.70 22.65 45.9
July 4.75 39.35 5.75 28.40 57.6
August 6.25 45.60 5.95 34.35 69.6
September 29.45 75.05 5.29 39.64 80.4
October 2.25 77.30 3.38 43.02 87.2
November 4.25 81.55 3.16 46.18 93.6
December 7.5 89.05 3.14 49.32 100
Total 89.05 49.32
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Figure 20. Plan view of 3-D numerical simulation showing groundwater flow lines. Dashed white line
marks the flow divide: groundwater on the left side generally flows towards the Cape Fear River and
groundwater on the right side generally flows towards Colly Creek. All flow lines begin at the terrain
surface.
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