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Background 
Lake Carmi in Franklin, Vermont, has experienced high phosphorus concentrations and the resultant 
water quality problems for several decades. Late summer algae blooms, reduced water clarity and heavy 
aquatic plant growth persist. The Department of Environmental Conservation lists Lake Carmi as 
“impaired” by phosphorus, i.e. the lake does not meet Vermont Water Quality Standards. Excessive 
amounts of phosphorus in the lake feed algae growth to an extent that problem conditions are present. 
 
Numeric Water Quality Criteria 
We have interpreted VT’s narrative phosphorus standard by relying on monitoring data that were 
collected coincident with periods during which residents expressed satisfaction with the lake water 
quality.  The target concentration expressed as the mean annual concentration of the best three years 
(1997, 1998, and 2002) in the monitoring record is 22 ug/l.  A Total Maximum Daily Load (TMDL) is 
required by the Clean Water Act to set a limit of phosphorus that can enter the lake and still meet this 
water quality standard.  
 
Approach to Modeling 
The general approach to modeling phosphorus in Lake Carmi used estimates of watershed phosphorus 
loads, and robust estimates of septic and internal loads, to model the in-lake phosphorus concentrations 
that result from these loads (see pie chart below). Watershed loads were calculated using land use export 
coefficients as described in the section below.  These, along with septic and internal load estimations and 
in-lake modeling, relied on the Wisconsin Lake Modeling Suite (WiLMS).  WiLMS offers several 
approaches to estimating in-lake phosphorus concentrations from loads, relying on well-used, published 
lake phosphorus models (references in WiLMS) that have been approved by the EPA for TMDLs in other 
states such as Wisconsin and New Hampshire. 
 
Estimated annual phosphorus loads (kg) Lake Carmi, with breakout of loads from the watershed.  



Land uses and phosphorus export estimates 
Annual phosphorus loading estimates to Lake Carmi were derived using land use information and an 
export coefficient-based load estimation procedure.  Detailed land use information was compiled for the 
Lake Carmi watershed using a Geographic Information System, relying on the data provided through the 
Lake Champlain Basin Program Technical Report No. 54: Updating the Lake Champlain Basin Land Use 
Data to Improve Prediction of Phosphorus Loading.  By the export coefficient load estimation procedure, 
the annual phosphorus loss per unit land area (in kg P/Ha/yr) is identified for each land use type and 
corrected using modeling analyses to predict the measured in-lake phosphorus concentrations. The table 
below shows these values and compares land use loads to those estimated and aggregated from Lake 
Carmi subwatersheds using the new Clean Water Roadmap designed for the Lake Champlain TMDL. 
 
Total phosphorus export, by land use, from the Lake Carmi watershed. 

Land Use Acres 

Export 
coefficient 
(kg/ha/yr) 

Initial 
load 

(kg/yr) 

Corrected 
load 

(kg/yr) 
Loading 

% 

Clean Water 
Roadmap 

acres 

Clean Water 
Roadmap 

load (kg/yr) 
Agriculture 2,748 1.78 1979 1188 85% 1,851 1,313 
Urban – lakeshore 100 2.52 102 61 5% 472 320 
Urban – low density 62 63 38 2% 
Forest 2,090 0.04 34 20 1% 3,088 136 
Wetlands1 722 0.15 44 26 2% 354 25 
Other water2 586 0 0 0 0%   
Lake Surface1  1,402 -- 88 88 5%   
Total 7,710 -- 2,310 1,421 100% 5,764 1,794 

1) Direct deposition of phosphorus to contiguous wetlands and the lake surface was calculated using the 
approach of the Lake Champlain TMDL (VTDEC and NYSDEC, 2002).  

2) Direct deposition of phosphorus to non-contiguous ponds and tributaries was considered negligible. 
 
Total Loading Capacity 
The total loading capacity is the maximum phosphorus loading rate that can be discharged to Lake Carmi 
waters and still attain the TMDL target concentration.  To estimate the total loading capacity, WiLMS 
models were used to simulate the in-lake annual phosphorus concentration resulting from reductions in 
total loads.  Using this approach the Total Loading Capacity was estimated to be 1,027 kg P/yr.   
 
Margin of Safety 
A margin of safety is being incorporated into this TMDL to account for any uncertainty that the 
recommended total loading capacity will bring about the necessary in-lake phosphorus concentration of 
22 ug/l.  An explicit margin of safety of 10% of the total loading capacity, or 103 kg P/yr is established 
under this TMDL.  Under full implementation, this additional loading reduction from the total loading 
capacity will better ensure that the lake will attain the annual target of 22 ug/l. 
 
TMDL Summary 
The TMDL is expressed as an annual load shown as: 

TMDL Component kg P/yr  
Estimated load 1,535  
   
Load allocation 924  
Margin of safety 103  
Total loading capacity 1,027  
Load reduction required 611 40% 

 

https://anrweb.vt.gov/DEC/CWR/Home
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