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Section 1. Introduction and Background 

Dinsmore Brook is designated as an impaired water by the New Hampshire Department of 
Environmental Services (DES) for chloride levels that exceed water quality standards 
during various times of the year. A Total Maximum Daily Load study (TMDL), completed 
in 2008 (NHDES, 2008), determined that the chloride load to the watershed is primarily the 
result of salt application for winter road and parking lot maintenance from the state (50% 
ofthe salt load), municipal (2%), and private (47%) sectors. 

The goal of this Total Maximum Daily Load implementation plan is to provide 
recommendations for achieving chloride load reductions within Dinsmore Brook watershed 
that will result in the brook meeting chloride water quality standards. The various owners 
of roads and parking lots to which salt is applied are jointly responsible for meeting the 
TMDL load reductions in order to meet water quality standards. It is DES's intention to 
work with the various sectors to achieve load reductions, prior to any enforcement actions 
being taken. However, if needed, DES can use authority in state law (RSA 485-A: 12, 
Enforcement of Classification) to implement the plan as necessary or can defer to EPA to 
use its NPDES permit authority to enforce control of stormwater runoff. 

The NH Department of Transportation (DOT) plans to expand I-93 to a four-lane highway 
in either direction. DOT's permit requires that salt use must not exceed the load allocations 
set within the TMDL. Implementation ofTMDL reductions and respective salt allocations 
are expected to result in compliance with water quality standards. If load reductions cannot 
be met, DOT cannot pave and operate the fourth lane of the expanded highway in either 
direction. 

Public safety and potential liability are at the forefront of concerns when dealing with 
chloride reduction efforts. This plan uses an integrated management approach with a 
framework that provides recommendations for various state and municipal agencies, road 
and parking lot maintainers and the general driving public. 

Innovative techniques for chloride reduction effmis will continue to develop over time; 
therefore this implementation plan should be reviewed and modified every five years until 
the chloride water quality standards in Dinsmore Brook are met. 
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Section 2. Watershed Information 

Dinsmore Brook is a 1.5 mile stream segment (0.55 square mile drainage area) in 
Windham, N.H., classified as a Class B waterbody (see Figure 1). According to Env-Ws 
1703.21, the water quality criteria for chloride in nontidal Class B waterbodies to protect 
aquatic life are 860 mg/L for acute exposures and 230 mg/L for chronic exposures. Acute 
aquatic life criteria are based on an average concentration over a one-hour period and 
chronic criteria are based on an average concentration over a four-day period. The 
frequency of violations for either acute or chronic criteria should not be more than once 
every three years, on average (EPA, 1991 ). 
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2.1 Paved Surface Inventory 

The TMDL states that approximately 29 percent of the Dinsmore Brook watershed 
is classified by the U.S. Census as "urbanized area." Table 1 and Figure 2 show the 
state, municipal and private roads and parking lots in the watershed. 

Table 1. Dinsmore Brook Watershed Paved Surface lnvento 

6.5 Lane Miles* 
9.8 Lane Miles** 

1.0 Lane Miles 
4.2 Lane Miles 

7.5 Acres 
Private Parkin Lot Drivewa s 0.7 Lane Miles 
* Lane miles maintained upon TMDL completion 
**Estimated lane miles to be maintianed after 1-93 expansion 

DOT is currently responsible for winter maintenance on 6.5 total lane-miles within 
the watershed. As a result of the I-93 expansion, it is estimated that DOT will 
maintain 9.8 lane miles within the Dinsmore Brook watershed. 

According to the town of Windham's Salt Reduction Plan (20 1 0) the town is 
responsible for winter maintenance on 1.0 lane miles of road within the watershed. 
There are no municipally maintained parking lots within the watershed. 

Existing private roads and parking lots are accounted for in the TMDL inventory. 
Within the watershed there are 4.2 lane miles of private roads, 7.5 acres of parking 
lots, and 0.7 lane miles of parking lot driveways. Population growth is expected in 
the future as a result of the I-93 expansion. Growth will increase the use of chloride 
deicing chemicals. The TMDL did not include any allocation for future 
development. An allowance for increased use of salt due to additional development 
including roads and parking lots can be included in future implementation plans if 
there is an explicit offset of salt import for winter maintenance obtained from other 
sources in the watershed. 
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Figure 2. Dinsmore Brook Watershed Roads and Parking Lots Map 

2.2. Winter Road Maintenance Policies in the Dinsmore Brook 
Watershed 

• New Hampshire Department of Transportation 
The following documents reflect DOT policies on snow and ice management in 
New Hampshire. 

Winter Maintenance Snow Removal and Ice Control Policy, October 15, 
200 1. The level of service and operating procedures to maintain state 
roadways are defined but environmentally sensitive areas or anti-icing 
and/or other best management practices are not discussed. 

Implementation Plan to Increase the Efficiency and Effectiveness of Road 
Salt Use To Meet Total Maximum Daily Load For Chloride in Water bodies 
Along the I-93 Corridor from Salem to Manchester, September 2009. This 
plan accounts for road salt needs and the estimated achievable chloride 
reductions within Dinsmore Brook that are associated with existing state 
highways, municipal roads, and the proposed widening along the 1-93. The 
plan includes best management practices which in combination with each 
other are estimated to achieve a 20 percent chloride reduction. Since a 20 
percent reduction will not meet water quality standards, additional chloride 
reductions are needed unless other sectors are able to take on a larger 
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portion of the salt reduction given the mitigating factors including safety, 
level of service and use. 

• Town of Windham 
The town of Windham has taken the following steps to reduce chloride loading 
since the issuance of the TMDL: 

A Salt Reduction Resolution was signed on April 6, 2009 that commits the 
town to work with the other sectors on salt reduction in the impaired 
watersheds. 

A Salt Reduction Plan was completed in August 2010. The plan 
incorporates some best management practices as well as a pilot program. 
The plan estimates that the town of Windham will obtain a 0.55 ton/year 
reduction in salt applied within the Dinmsore Brook watershed in the first 
year of plan implementation. The anticipated reduction is not adequate to 
meet the TMDL, however it is understood that the salt reduction plan will be 
revised each year to incorporate changes to winter maintenance strategies 
that will achieve additional reductions. 

Winter maintenance training is conducted yearly with municipal staff and hired 
drivers. Training focuses on calibration of equipment. 

• Private Sector Owners and Maintainers 
The parking lot and private driveway owners and/or maintainers typically do 
not have snow and ice removal policies. Each parking lot or road is managed 
differently, based on the property owner's objectives. Currently there is no 
commitment from private parking lot owners or maintainers to reduce salt used 
in impaired watersheds; however, some private snow and ice removal 
companies that are contracted to service areas within Dinsmore Brook 
watershed have attended training and are willing to tell their clients about salt 
reduction efforts. 
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Section 3. Regulatory Authority and Enforcement 

3.1. Federal Regulatory Authority 
The United State Environmental Protection Agency (EPA) regulates stormwater 
through the National Pollutant Discharge Elimination System (NPDES) program, 
which is authorized by the Clean Water Act. The NPDES program requires 
permitting of stormwater discharges from separate municipal storm sewer systems 
(MS4s) in urbanized areas and from industrial and construction activities. Twenty 
nine percent of the Dinsmore Brook watershed is covered by the MS4 program. 

EPA has residual designation authority under Section 402(p )(2)(E) of the Act to 
designate pollution sources for issuance of individual stormwater permits in order 
to achieve compliance with water quality standards. 

Section 303(d) (1) (c) of the Act provides that Total Maximum Daily Load (TMDL) 
studies must be completed when a water body is not meeting water quality 
standards. The TMDL must identify the amount ofpollutant(s) allowable in order to 
meet the state water quality standard. 

Section 401 of the Act requires that the state water quality agency (DES) certify 
that any federally permitted activity which may result in a discharge will not violate 
water quality standards. A 401 water quality certificate can contain conditions and 
monitoring requirements to insure that the permitted activity will meet the load 
reductions in the TMDL. 

3.2. State Regulatory Authority 
RSA 485-A: 12.II provides that "If, after adoption of a classification of any stream, 
lake, pond, or tidal water, or section of such water, including those classified by 
RSA 485-A: 11, it is found that there is a source or sources of pollution which lower 
the quality ofthe waters in question below the minimum requirements of the 
classification so established, the person or persons responsible for the discharging 
of such pollution shall be required to abate such pollution within a time to be fixed 
by the department .... " 

State law also grants municipalities the authority to regulate "the collection, 
removal and destruction of garbage, snow and other waste materials" under RSA 
39:31.! (f). The "removal and destruction of snow" includes practices that utilize 
chlorides and other deicing agents. Additionally, RSA 149-1:1 authorizes 
municipalities to adopt bylaws addressing st01mwater if they have adopted 
stormwater utilities. 

Existing and new salt storage facilities that are located or operate on a permeable 
surface, or that infiltrate brine from runoff to the ground or groundwater need to 
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register with DES under the Groundwater Discharge Permit and Registration Rules, 
Env-W q 402. This is a free registration and is a method of tracking potential 
contaminant sources. If there are sensitive receptors nearby, some sites may be 
required to monitor drinking water wells and/or the groundwater. The registration 
form can be found at: 
http://des.nh.gov/organization/divisions/water/dwgb/dwspp/bmps/documentslfloor 
drain form.pdf. 

3.3. Regulatory Framework Applicable to Dinsmore Brook 
The 401 Water Quality Certificate issued May 2, 2006 by DES to DOT for the I-93 
widening project states: 

After EPA approval ofthe TMDL reports and publication ofthe TMDL 
implementation plan, the Applicant shall implement the chloride load 
reductions and all other requirements of the implementation plan that apply 
to the Activity and to other state roads included in the implementation plans. 

The water quality certificate also requires that if the TMDL load reductions are not 
met, that DOT shall incrementally implement the project by paving and operating 
only three lanes in each direction until there is full implementation of the TMDLs 
for state roads in the impaired watersheds. 

A Memorandum of Agreement between DES and DOT executed on June 21, 2006 
further defines that "full implementation of chloride load reductions means load 
reductions have already been achieved." 

Actual allowed salt use will be adjusted for annual weather conditions by the 
Weather Severity Index (WSI), which shows a correlation between salt use and 
weather severity with greater than 95 percent confidence. A rolling ten-year average 
of WSI -adjusted salt use will be used to determine compliance with the TMDL. 

3.4. Water Quality Monitoring and Violations 

In the Memorandum of Agreement with DOT, DES committed to monitoring 
chloride concentrations in the impaired watersheds through 2016 to measure 
progress toward meeting the TMDLs. The sampling design for TMDL 
Implementation Monitoring includes year-round data collection at one station in the 
Dinsmore Brook watershed (!93-DIN-01). Dataloggers are used to measure 
specific conductance and temperature at 15 minute intervals throughout the year. 
During station visits every six weeks, DES collects grab samples for chloride 
(measured using an ion-specific probe in the DES Limnology Center), measures 
specific conductance and temperature with an independently calibrated meter, and 
services the dataloggers. One field duplicate sample for chloride and one field 
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duplicate measurement for temperature and specific conductance are collected each 
sampling day. 

DES will be responsible for ensuring that data meet the Quality Assurance Project Plan 
requirements and will prepare documentation that includes the data submittal, any non
conformances, and data that did not pass the QC requirements. Data quality audits will be 
performed annually in the fall with trend analysis reports in the fall of2011 and 2016. 

From 2007 to 2010, since the publication of the TMDL, the chronic criteria for 
chloride was exceeded in Dismore Brook for a total of 122.61 days, as shown in 
Tables 2 through 4 below. 

Table 2. Periods in violation of the chronic water quality standards for 7/1107-6/30/08 

Violation Duration Number of 
Start Time End Time 

Station Episode (days) Violations 

193- DIN-01 I 7/24/2007 10:30 10/1/2007 8:45 68.93 17 
2 12/25/2007 20:45 1/7/2008 8:30 12.49 3 

FY 08 TMDL Implementation Monitoring Data Report and Quality Assurance Audit 

Table 3 Periods in violation of the chronic water quality standards for 7/1/08-6/30/09 

Duration Number of Violation 
Start Time End Time 

Station 
Episode (days) Violations 

193- DIN-01 1 7/13/2008 18:00 7/21/2008 16:45 7.95 2 
2 8/31/2008 11 :3 0 917/2008 1 :00 6.56 2 

FY 09 TMDL Implementation Monitoring Data Report and Quality Assurance Audit 

Table 4. Periods in violation of the chronic water quality standards for 7/1/09-6/30/10 

Violation Duration Number of 
Start Time End Time 

Station 
Episode (days) Violations 

I 9/4/2009 12:30 9/11/2009 23:45 7.47 2 
2 9/13/2009 3:45 9/18/2009 23:00 5.8 I 

193- DIN-01 
3 9/20/2009 9:00 9/29/2009 6:30 8.9 2 
4 9/29/2009 7:45 10/3/2009 20:30 4.53 1 

FY 2010 TlYIDL Implementation Momtormg Data Report and Quality Assurance Aud/1 

For full data reports please refer to the following web links: 
www.des.nh.gov/organizationldivisions/water/wmb/tmdl/documents/chloride data report.p 
df 
www.rebuildingi93.com/documents/environmentai/Dinsmore Brook TMDL 200S.pdf 
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81.4 days 

Total 
Violations 

(days) 

14.51 days 

Total 
Violations 

(days) 

26.7 days 



Section 4. Salt Allocations and Use 

4.1. Sector Allocations 
Figure 3 shows the relative contribution of each source to the total salt imports for 
the Dinsmore Brook watershed. Fifty percent of the salt is from DOT-maintained 
roads ('the state sector'), 2 percent is from Windham roads ("the town sector"), and 
4 7 percent is from private roads, driveways, and parking lots ("the private sector"). 

Figure 3. Relative Contribution of Each Source to the Total Salt Imports to the 
Watershed 

SALT PILES 
0% 

PARKING LOTS 
26% 

WATER 

PRN ATE ROADS 
21% 

FOOD WASTE 
0% 

MUNICIPAL ROADS 
2% 

A Th/IOSA-IERIC 
DEFDSITION 

1% 

STATE ROADS 
50% 

The TMDL concludes that to meet water quality criteria, annual salt imports to the 
watershed should be no more than 126.0 tons, of which 123.1 tons would be from 
winter road maintenance. It should be noted that this amount does not account for 
future development, therefore any new development of roads or parking lots would 
necessitate additional load reductions elsewhere in the watershed. 

The approved TMDL authorizes the Salt Reduction Work Group, made up of 
representatives from each sector, to negotiate and approve alternate sector 
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allocations if desired, provided that overall imports do not exceed 126.0 
tons/salt/year. 

The starting point for sector negotiations was the "equally shared reduction" 
scenario presented in the approved TMDL. The Dinsmore Brook sector allocation 
meeting took place on July 28, 2010, where agreement on a revised sector 
allocation was reached, and later ratified by the Salt Reduction Work Group. 

Table 5 compares the revised sector allocations to the 2008 TMDL allocations. The 
allocation values for the private roads and parking lots were changed to more 
accurately reflect the amount of salt being applied to the private roads and parking 
lots. Many of the private road miles service communities whose associations 
contract for winter maintenance. Contractors offer a lower price for service without 
salting, since plowing can be accomplished with a smaller, more economical 
vehicle. Also, two of the private parking lots were eliminated due to the 
reconfiguration of Exit 3. The DOT allocation was increased commensurate with 
the decreases in private sector allocations. 

T bl a e 5. TMDLS I I at mports an d L d All oa ocatwns 

2008 TMDL Equally 
2010 Revised 

Agency/ 
FY07 Salt Shared Reduction 

Reduction Scenario 
Source Imports Scenario Allocation 

Town Allocation of Loads 
(tons salt/yr) ofLoads (tons 

(tons salt/yr) 
salt/yr) 

State Roads NHDOTPS 
24.7 18.6 27.5 

514 
NHDOTPS 

57.0 42.9 63.5 
528 

Municipal 
Windham 4.0 3.0 3.0 

Roads 
Private 

Windham 34.3 25.8 10 
Roads 
Parking Lots Windham 43.4 32.7 22 

Salt Piles 
Windham 0.0 0.0 0.0 

Water 
NA 0.7 0.7 0.7 

Softeners 
Food Waste NA 0.5 0.5 0.5 

Atmospheric 
NA 1.7 1.7 1.7 Deposition 

Total 166.5 126.0 126.0 

Source: April 2008 Total Maxmwm Darly Load Study; Drnsmore Brook 
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After more experience has been gained by conducting pilot programs, incorporating 
BMPs and educational outreach and training initiatives in the next five years, the 
Salt Reduction Work Group should reevaluate the sector allocations along with 
increased salt application caused by new growth. 

4.2. Review of Salt Use in Dinsmore Brook 
The Salt Reduction Workgroup requested that DES calculate the salt use for the 
past 10 years (FY 200 1- FY 20 I 0) using salt use data from both pre and post 
TMDL issuance; which allows for a time series evaluation. The data shows the 
trend of salt loading over time versus the Weather Severity Index (WSI). 

The analysis for Dinsmore Brook contained in Table 6 shows that large reductions 
of salt imports are needed in the watershed. The ten year average salt import rate is 
245 tons/year. Based on the ten years of existing data, a reduction of 49 percent is 
needed to reach the TMDL target of 126 tons/year. 

T bl 6 o· a e : msmore B k 10 Y S It U C roo - ear a se t TMDL V I ompanson o a ues 
Watershed 

Characteristics Watershed Salt lm orts (tons of salt per 

TMDL 

FY01 FY02 FY03 FY04 FY05 FY06 
·year 
FYOi 

STATE ROADS ;" ..... 
NHDOT Patrol Shed 

c~4J~ 514 42.4 19.9 54.2 28.0 56.2 30.2 
NHDOT Patrol Shed ..... 
528 120.5 68.3 114.7 87.5 116.7 69.6 57.0 
MUNICIPAL ROADS· 

f4:r Town of Windham 4.2 3.4 5.7 4.5 5.5 4.3 
PRIVATE ROADS· 

:;3~.~· Town of Windham 53.3 43.9 55.1 44.3 55.1 52.0 
PARKING LOTS- ;~3.~ Town of Windham 72.0 43.2 74.7 51.7 75.4 54.8 
SALT PILES- Town of 

Lci?B'• Windham 0.0 0.0 0.0 0.0 0.0 0.0 
ATMOSPHERIC r·j.7. DEPOSITION 1.7 1.7 1.7 1.7 1.7 1.7 
DOMESTIC WASTE 0.5 0.5 0.5 0.5 0.5 0.5 :/0.5 

WATER SOFTENERS 0.7 0.7 0.7 0.7 0.7 0.7 ~t>.i 
TOTAL 295.5 181.6 307.5 218.8 311.9 213.9 167.5 

>·:L < 
WSI -27.4 -9.1 -26.5 -16.6 -26.1 -17.7 -11.1 
WSI relative deviation 

\~it~~ from 1 0-yr average 0.29 -0.57 0.25 -0.22 0.23 -0.17 

TMDL (WSI adjusted) 162.9 54.4 157.5 98.8 155.2 105.1 ~t~~.~~ 
Some values m thts table are dtfferent from those publtshed m the TMDL. 
The differences are due to new salt application rates provided by towns. 

FY08 FY09 FY10 

47.4 35.4 24.7 

125.2 92.9 67.8 

4.3 3.3 3.1 

56.1 50.5 41.0 

83.2 60.7 48.7 

0.0 0.0 0.0 

1.7 1.7 1.7 
0.5 0.5 0.5 

0.7 0.7 0.7 
319.2 245.8 188.3 

-34.0 -27.5 -15.9 

0.61 0.30 -0.25 

202.3 163.4 94.4 

ear) 
FY08· 

10-yr FY10 
Avg. Avg. 

tons/yr tonslyr 

36.3 35.8 

92.0 95.3 

4.2 3.6 

48.7 49.2 

60.8 64.2 

0.0 0.0 

1.7 1.7 
0.5 0.5 

0.7 0.7 
245.0 251.1 

·21.2 

126.0 

The WSI takes into consideration multiple winter weather conditions, such as 
snowfall amounts, total storm hours, air temperatures, and heating degree-days that 
would encompass the relative severity ofthe winter season. Salt imports to the 
Dinsmore Brook Watershed were highly correlated to the WSI (r2 value= 0.8491), 
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ReVISed 
TMDL 

Allocation 
tons/yr 

27.5 

63.5 

3 

10 

22 

0.0 

1.7 
0.5 

0.7 
126.0 



as seen in Figure 4, indicating that allowable thresholds of annual salt use can be 
tied to the WSI. 

Figure 4. Salt Imports versus Weather Severity Index 

Dinsmore Brook Watershed 
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4.3. Identification of Key Issues with Salt Use 
In order to understand how to manage chlorides efficiently and effectively it is 
important to first identify why and how chlorides are over-applied to roadways and 
parking lots. The over-application of road salt is primarily a function of the 
following five key issues: 

Key Issue #1: 
Not knowing that certain conditions may not warrant salt 
application 

Certain situations that may not warrant application of road salt are most commonly 
categorized in two ways: 

• Times when pavement temperatures and other temperatures are warm 
enough or rising to suggest that snow and ice will not accumulate on the 
road or parking lot. 

• Extreme cold and/or windy conditions. Road salt becomes less effective as 
temperatures drop. Review of literature suggests that application of road salt 
at 15° F is not recommended because it could cause brief melting and re
freeze. This can create icy conditions whereas if no chemicals were applied 
snow could blow off or be mechanically removed with a plow. 
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Key Issue #2: 
Not knowing and/or tracking how much material is being 
applied 

Knowing how much deicing material that is being applied by equipment is critical 
to every winter maintenance program. It is important to understand that each truck 
or piece of equipment can apply different amounts of deicer. Variations in spinner 
speed, RPMs, spinner throw distance and/or patterns, and belt speed can affect and 
vary the amount of salt being applied. 

It is important for the operators of each truck to know their equipment capabilities 
and identify any issues. Knowing staff and their habits also is an important 
component of managing the amount of salt applied. 

Because most municipalities and the DOT already track salt use, a salt accounting 
system is being developed for the private sector by the University ofNew 
Hampshire, Technology Transfer Center. 

Key Issue #3: Not knowing how much material is needed to achieve 
desired results 

It is important to educate managers and drivers on how much material is needed to 
obtain the desired level of service results. Gaining an understanding of how deicers 
properly work with various weather conditions and pavement temperatures is key to 
reducing the amount of salt applied. 

Experimentation with application rates, beginning at current application rates and 
working gradually downward, is recommended. Determine application rates for 
achieving results without over applying. Record application rates and share your 
findings. 

Key Issue #4: Over application of chlorides due to liability concerns 

Potential liability is at the forefront of concerns when dealing with snow and ice 
removal. Privately owned commercial parking lots and driveways contribute 
significant salt loading in impaired watersheds. A major obstacle voiced by private 
sector representatives is concern for increased liability due to salt reduction 
practices. In addition, the profession currently lacks formal training programs for 
snow and ice removal operators. Legislation is being developed which will provide 
liability protection through the creation of a certification and training program that 
will require salt use to be reported. 
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Key Issue #5: Decisions are made without knowledge of new technologies 
and practices 

Winter maintenance is complicated and training needs to be provided to all 
managers, supervisors, operational staff and hired contractors that deal directly with 
snow and ice management tasks. Training saves time and money, and increases 
morale, knowledge and safety. Training should be focused on types of snow and ice 
removal methods, types of materials, how much material is needed and the right 
place and right time for applications. 

Understanding these five key issues in the application of road salt and employing 
ways to reduce the amount of salt being used will help in the reduction of chlorides 
in the Dismore Brook Watershed. 
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Section 5. Chloride Reduction Best Management Practices 
(BMPs) and Achievability 

This section discusses chloride reduction recommendations that are designed to maintain 
current safe levels of service while meeting the TMDL allocation. The chloride reduction 
achieved by each sector is dependent on many variables such as: degree of implementation, 
level of operational training, tracking salt use, equipment type used and proper equipment 
maintenance and calibration. 

Adopting best management practices specified in this plan will require well-managed 
operations. Initially, equipment may need to be retrofitted and/or purchased to fully 
implement BMPs. It is understood that each sector has different operational budgets and 
equipment types; therefore the most practical BMPs have been chosen for this plan that 
will yield the greatest outcome in terms of salt reduction. 

DES does not endorse any equipment manufacturers or proprietary products. It is each 
sector's responsibility to determine what specific equipment and product types they wish to 
include in their winter maintenance programs. DES is working towards creating a NH Salt 
Application Best Management Practice Manual. In the absence of the New Hampshire 
manual, salt applicators should follow recommendations contained within this 
implementation plan. 

Benefits of Best Management Practices 

Improved Level of Service: A winter maintenance plan that is 
informative, knowledgeable and well executed results in consistent 
services to the public. 

Improved Safety: A good understanding of materials, application rates, 
weather, and equipment minimizes dangerous road conditions. 

Protect Water Quality: Understanding and implementing BMPs will 
reduce the amount of chloride in the impaired waters and help meet 
chloride reduction goals. 

Save Money and Resources: Knowing how to use the right treatment at 
the right time will save time, money, and materials. 

There are five main steps to effectively and efficiently manage chloride application in the 
Dinsmore Brook watershed. The following steps will assist with choosing approaches that 
reduce chloride application while increasing the level of service. It is important to 
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understand that combining existing experience with the use of best management practices 
is the key to having a more effective and efficient winter operation. 

Steps to Achieve Best Management Practices 

Readiness- training, equipment, calibration, storage, accounting 

Information - evaluate and monitor conditions 

Decision - selection of material and treatment technique 

Action- application rates and practices 

Evaluation- review of activities for subsequent operations 

5.1 Readiness: Preparing Operations 
The goal of operational readiness is to prepare facilities, crew, and equipment well 
in advance. Update policies to include any changes in roads, traffic, economics, 
mobility, environmental concerns and safety that may affect Level of Service. 

5.1.1 Recordkeeping and Salt Accounting Systems 

Documentation is critical to the successful implementation ofbest 
management practices. Keeping records of all activities is needed for proper 
salt management and helps to manage liability exposure. Important areas of 
winter operations that should be documented include salt accounting, 
equipment calibration, training records, and storm logs that include weather, 
plowing activities, treatment time and location. Refer to Appendix A for the 
State ofNew Hampshire Department of Transportation Winter Maintenance 
Storm Log. Spreader Calibration log sheets can be found in Appendix E for 
hydraulic spreaders and Appendix F for pony motor spreaders. 

It is critical in that all sectors track chloride use to measure progress toward 
meeting the TMDL. 

Department of Transportation 
The Department of Transportation has traditionally accounted for 
salt loading in the Dinsmore Brook watershed by calculating the 
amount of salt used from the salt shed inventory. Although the 
overall volume of salt applied was known, variations in application 
rates were not known. To address this concern, DOT received a 
grant to install global positioning systems (GPS) computer 
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controllers in several of their trucks. By using this system of data 
collection it automatically records where and how much salt is being 
applied. The department will be adding GPS equipment to their 
trucks over the next several years with hopes to have all trucks in the 
watershed equipped by 2013. 

Town of Windham 
Windham will continue to track salt application, in tons/road mile 
for routes within the watershed by maintaining accurate invoices, 
cancelled checks, and purchase orders. Windham will begin to 
monitor its salt use through new GPS tracking equipment and by 
using enhanced GIS software. This will provide accurate chloride 
imports in the Dinsmore watershed allowing for data to be monitored 
over the winter with analysis and reporting to be completed by 
spring. Windham estimates they will begin using GPS/GIS in 
201112012. The town will report total salt use to DES at the end of 
each winter season. 

Private Sector 
Quantification of private sector chloride imports will be 
accomplished by a geospatial salt accounting system under 
development by UNH T2. The online system will allow private 
sector winter maintenance contractors to report annual salt usage and 
location data. It is critical that the system and the repmting criteria 
not present a burden to private sector operations or profitability 
Optional functionality will allow users, for their own benefit, to track 
operations by storm event. 

5.1.2 Training 

Altering the approach to winter operations will require training and changes 
in knowledge and behavior of road managers, supervisors, and operators. 
Training should be centered on the balance between environmental 
awareness and level of service to the public. 

Training should be presented in the following areas: 
• Interpretation of weather and pavement conditions when making 

decisions. 
• Best management practices, including how to correctly calibrate 

equipment. 
• Location of and treatment in environmentally sensitive areas. 
• When and how to apply chemicals. 
• Use of liquid chemicals for pre-wetting and anti-icing. 
• Record keeping. 

-22- 5110/2011 



The DOT goal is to train field crews in winter maintenance operations 
annually. Currently all employees receive eight hours of classroom training 
to review snow and ice control procedures. DOT also offers this course to 
the private contractors that assist in winter operations. Employees are 
provided additional opportunities to attend courses presented by UNH T2. 

The town of Windham has committed to ongoing winter maintenance staff 
training and education. The town requires that all staff attend salt reduction 
training and requests that private sector contractors hired by the town attend 
as well. 

UNH T2 provides workshops, newsletters, technical assistance, a Road 
Scholar Program, and links to additional on-line information at 
www.t2.unh.edu. Training is available to state, municipal, and private sector 
applicators and staff. Certificates are provided to those who attend training 
courses. 

It is recommended that a training log be kept, including the trainer and 
trainee's names and the date so periodic refresher courses can be provided to 
update staff on new technologies. 

5.1.3 Equipment 

There are various types of spreaders, spreader control units, and other 
equipment that can reduce the amount of deicing materials applied while 
improving the level of service. 

Sensors: Truck-Mounted or Hand-Held 
Knowing the pavement temperature is essential to making the right 
decision for treatment options. Most weather stations measure 
conditions thirty feet in the air and can differ significantly from the 
surface of the roadway. The two most common types of sensors are 
Mobile Freeze Point/Salinity Sensors and Mobile Pavement 
Temperature Sensors. 

Hand-held infrared temperature sensors 
can only be used when the vehicle is 
stopped or moving slowly, while the 
truck-mounted temperature sensors take 
measurements while the truck is moving. 
A hand held temperature sensor can be 
purchased for as little as $100 from an 
auto parts store and is an inexpensive 
addition to the decision making tool 
box. Salometers are used to determine 
the percent salinity of brine mixtures 
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Figure 5: Hand-Held 
Pavement Sensor 
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and are critical to have while operating a pre-wetting/anti-icing 
program. 

Automated Vehicle Location (AVL) 
A VL collects real time data and equipment location through GPS 
receivers, transmitters and software. Data is used to track salt use, 
rationalize the number of trucks being used and demonstrate prudent 
usage. 

Plowing Capabilities 
Proper plowing of the road is essential to controlling the road 
conditions. Snow plowing with the proper blade needs to remove as 
much snow as possible prior to the application of additional 
chemicals. Snow and ice that is left on the pavement will only work 
to dilute the chemical that has been applied and decrease the 
effectiveness. Additional applied chemical will have little benefit if 
the snow is not adhering to the pavement surface, when plowing is 
the appropriate operation. 

There are many different plow types, including one-way front plows, 
reversible plows, deformable moldboard plows, underbody plows, 
side wings, expandable plows, and plows specifically designed for 
slush removal. Plows are hydraulically controlled and can have 
quick-change buffer systems allowing for a fairly short time to 
mount or dismount. Manufacturers have also developed plows that 
are hydraulically extendible. These extendable plows allow for width 
adjustment from 9-12 feet depending on lane width. Underbody 
plows are highly recommended since they can be used in 
conjunction with one-way front plows, side wing plows, and rear 
wing plows. They provide downward pressure and can scrape the 
roadway clean for the best snow removal results. 

Figure 6. Down-Pressure Plow 
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Figure 8. Underbody Plow 

Figure 10. Underbody Plow with 
Mid Mount Wing Tandem-Axle 

Figure 9. Underbody Plow Mid Mount 
Wing Single-Axle 

-25-

Figure 11. Dual Mid-mount wings 
mount wings single axle 
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Cutting Edges 
Plow cutting edges have had significant improvements in recent 
years. They can be made out of steel, rubber, ceramic, carbide, and 
synthetic polymers and can be use singly or in combination. The 
performance of any cutting edge is dependant on the road, the 
weather conditions, and the operator's knowledge. For the most 
efficient operations, operators should keep cutting edges as close to 
the pavement as possible to remove snow and slush. The use of 
casters or shoes on the plow is not recommended unless the road is 
an uneven surface. If casters are needed the downward pressure 
should not be on the shoe but on the cutting edge. Manufacturers 
have developed slush plows that use several blades in tandem. The 
cutting edge blade is made of steel while the trailing blade is made 
of rubber, which is better for removing slush. The design is used to 
cover a larger range of road conditions and is more effective than 
either blade used on its own. The use of segmented blades, which 
allow for closer plowing of uneven road surfaces, has also become 
increasingly popular. 
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Figure 14. Slush Blades: 

Figure 16. 
Multiple Blade Design 
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Ground Speed Orientation 
There are three factors in determining a truck's salt application rate: 
gate opening, speed of the spreader belt, and the traveling speed. 

Ground speed oriented 
spreaders keep 
application rates constant 
because the belt speed in 
the spreader corresponds 
to truck speed. 
Incorporating ground 
speed controls is one of 
the most critical changes 
that can be made to 
achieve salt reduction. 

Figure 17.0perator Controls Calibration and 
monitoring of the spreader control is important for the accuracy of 
your application rates. 

Spreaders 
The total amount of deicing chemical used for winter maintenance is 
a significant influence on the type of spreader equipment needed. 
Accurate spreader controls are needed to account for the amount of 
material being applied 
and should be 
consistent based on a 
full or near empty load. 
The spreader needs to 
be able to operate in a 
variety of conditions 
including very low 
temperatures, high 
moisture, and be 
resistant to corrosion. Figure 18. Slide-In Spreader 
Hoppers should be constructed so that excess salt can be removed 
from the spreader and so that they can be removed during the off 
season so the vehicle can be used for other purposes. Spreaders 
designed with discharge at the rear can allow for a slide-in capability 
that can be mounted and dismounted. Various types of spreaders 
include: hopper spreaders, tailgate spreaders, reverse dumping 
spreaders, and spreaders that are variations ofthese. Slide-in 
spreaders tend to be the most cost effective with a longer use life and 
are easy to maintain and clean away salt residue. They use a 
conveyor chain and chute system for material applications either 
with a spinner or direct drop to the road surface. Slide-in spreaders 
also have the ability to handle a pre-wetting system. 
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Zero Velocity Spreaders (ZVS) can optimize the use of deicing 
material by controlled distribution. Material is dispensed at the same 

velocity as the forward 
motion of the truck; the two 
velocity components 
essentially cancel each 
other out causing the salt to 
drop on the road as if the 
vehicle was standing still. 
This helps reduce bounce 
and scatter, and reduces the 
required volume of deicing 
material. ZVS also have the 
capability to pre-wet. 

Figure 19. Zero Velocity Spreader There have been some 
mechanical complications while pre-wetting under certain 
conditions. The most common issues associated with the zero
velocity spreaders can be material caking and uneven discharge. 
Modifications are being developed by the manufactures to refine and 
improve the technology of these spreaders. (O'Keefe and Shi, 2005) 

Pre-Wetting Spreaders 
Pre-wetting is typically done by adapting spreader trucks with saddle 
tanks and spray nozzles which apply approximately 8-10 gallons/ton 
of a liquid to solid deicer. It is most common for salt brine at 23% 
concentration to be sprayed onto solid salt as it passes through the 
spreader chute. Plow and spreader trucks looking to add pre-wet 
capabilities require investment to purchase the saddle tanks, pumps 
and nozzles that are capable of applying a liquid at the spreader's 
spinner. As with any chemical application calibration is critical to 
controlling the amount applied to the roadway. 

Figure 20. Tailgate Mounted Figure 21. Integrated tailgate 
t~·' 
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Some of the most common types of liquid spreaders are spinner type, 
distributor bar with nozzles, chassis-mounted, slip-in, and tow
behind. During initial start up programs, modification of existing 
equipment may be the most economical. Some highway agencies 
have been successful in modifying asphalt distributor trucks, liquid 
fertilizer spreaders and spreaders used for weed controL Brine has 
been made available for this purpose and can be purchased by 
municipalities from NHDOT. 

Figure 23: Tow Behind Liquid 
Anti-Icing 
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Figure 22. Liquid Anti-icing 
truck with spray bar 

Figure 24: Slip-In Anti-Icing Brine 
Unit (250 gallon capacity) 
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Figure 25: Graphic of Home-Made Brine Unit 

Pressurized system controlled by sander 
this system wi9 also load itself 

Estimated cost $1,000 
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5.1.4 Calibration 
During winter operations, changes may occur in mechanical linkages, 
hydraulic systems and other components. Yearly calibration of equipment 
allows for better control of application rates for various gate 
height/openings. Gate height or gate openings should be adjusted to spread 
the desired chemical application rate for each set of unique conditions. Re
calibration should be done if any changes are made to the equipment or if a 
different deicing material is used. In addition to manufacturer specifications, 
see Appendix B for Hydraulic-Run Spreader Calibration and Appendix C 
for Pony Motor-Run Spreader Calibration. Keep a record of the calibration 
results with the vehicle and refer to it for the application settings 
recommended for the various weather conditions. 

5.1.5 Storage and Site Management 
In addition to managing how salt is applied to parking lots and roadways, it 
is also important to manage how dry salt, pre-wet salt, salt brine, salt/sand 
mixtures, and snow piles are stored and handled. This section was adapted 
from DES Fact Sheet WD-DWGB-22-30. 

Chloride storage facilities can contribute to both surface and ground water 
contamination. The location of a storage facility should not be in an area 
that is environmentally sensitive. Avoid areas where there are wells, 
reservoirs, or within the footprint of stratified drift aquifers. 

Ideally deicing material storage facilities should be completely enclosed, 
with storage and working areas on impervious surfaces such as asphalt or 
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coated concrete. Buildings should have concrete foundations and can be 
designed using dome, bam, or fabric style structures. 

There should be storm water 
drainage controls to prevent 
runoff water and snow melt 
from contacting or running 
through loading and material 
storage areas. Overhead 
cover to protect material 
from exposure to snow and 
rain should be installed to 
minimize runoff and 
inventory loss. A fixed roof 
is preferred over a tarp, 

because it is difficult to keep storage piles completely covered with tarps 
during winter months and storm events. 

As a general practice, site drainage should direct clean storm water away 
from the operations and storage areas in order to keep the stockpiles as dry 
as possible. In new facilities or facilities that are being retrofitted drainage 
that is contaminated with salt should be directed to a sewage treatment plant 
(subject to municipal approval), collected for use in pre-wetting activities or 
sent for proper disposal. 

Salt Storage Structures 
• All salt and sand/salt mixtures should be stored on pads of 

impermeable asphalt or concrete. Storage and loading areas 
should have an impermeable floor constructed of asphalt, 
concrete or other suitable material that extends around the 
buildings and work area exterior. The area should be sloped 
away from the structure to prevent storm water from entering the 
loading areas or structure. 

• Concrete pads and walls should be treated to prevent concrete 
deterioration. 

• Structure hardware should be galvanized and concrete block 
buildings should be waterproofed inside. 

• If using a three sided building, the exposed salt at the open end 
should be covered. 

• Storm water and snowmelt runoff should be properly controlled. 
Building floors and storage pads should be sloped to prevent 
ponding and allow any water to drain away from the storage 
piles. 
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Brine Storage and Management 

Figure 27. 
Town of Derry NH 
Salt Storage 

In recent years brine has been used on roads prior to storms as an 
effective ice preventative, reducing the amount of deicing materials 
needed during a storm event. The water that runs off storage and 
loading areas can be collected into watertight tanks or lined basin(s) 
and reused. Any brine storage should be designed with inert 
materials that are compatible with salt. 

Brine stored in holding tanks must be managed so that there are no 
releases to drains, groundwater or surface waters. If there is a floor 
drain in a building where brine is stored, it must be connected to a 
municipal sewer, routed to a registered holding tank or permanently 
sealed. For the NHDES fact sheet on floor drains refer to Appendix 
D. 

Storage ponds or collection basins used for brine storage must be 
lined and must not receive runoff from areas other than the storage 
and operations areas. The basin itself must be impermeable to 
prevent infiltration of the collected water into the ground. The basin 
may need a roof or cover to reduce the accumulation of snow and 
rain water. The collection of this runoff water would only be 
necessary during the winter maintenance months (November through 
March). During the remaining seven months of the year, the non
brine stormwater can be redirected from the brine storage to a 
natural discharge point. 

The preferred management option for any brine collected is for use 
as a pre-wetting agent for roads prior to winter storms. The release 
of this collected water to the ground, groundwater, or a stormwater 
system during operation or at season's end is not permissible and as 
a consequence, this type of runoff management may require disposal 
of the brine by one ofthe following methods: 

1) Discharge directly to a publicly owned treatment works 
(POTW) with local approval; 

- 33- 5/10/2011 



2) Pumping and transporting the salt water to a POTW system 
by tank truck; 

3) Evaporation; or 
4) Treatment to remove salt and onsite discharge under a 

Nondomestic Wastewater Registration. 

All liquid storage 
tanks should be 
protected from impact 
by vehicles moving 
about the yard and be 
located such that 
spilled material can 
be contained and 
retrieved in the event 
of a tank or piping 
failure. Secondary Figure 28. Proper Brine Storage 
containment should be provided around large liquid storage tanks. 

Snow Storage and Disposal 
The environmental effects of disposed snow result from high levels 
of sodium chloride, sand, debris and contaminants from automobile 
exhaust. It is the debris contained in plowed snow that makes it 
illegal to dump snow directly in water bodies. RSA 485-A: 13,l(a) 
prohibits discharging wastes to surface waters without a permit. 
Groundwater is sensitive to snow dumping due to the high levels of 
sodium chloride in plowed snow. RSA 485-C:12 prohibits the sitting 
or operation of snow dumps within classified wellhead protection 
areas. 

The following 
guidelines are designed 
to select safe places to 
dump plowed snow. 
Snow dumps are kept 
out of water bodies due 
to the litter and debris 
content. Litter and 
debris do not belong on 
the land surface either; 
after the snow melts, all 

Figure 29. Snow Storage and Disposal 

litter and debris must be collected and disposed of properly. 
• Disposed snow should be stored near flowing surface waters, 

but at least 25 feet from the high water mark of the surface 
water. 
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• A silt fence or equivalent barrier should be securely placed 
between the snow storage area and the high water mark. 

• The snow storage area should be at least 75 feet from any 
private water supply wells, at least 200 feet from any 
community water supply wells, and at least 400 feet from any 
municipal wells. (Note: Snow storage areas are prohibited in 
wellhead protection areas [class GAA groundwater].) 

• All debris in the snow storage area should be cleared from 
the site prior to snow storage. 

• All debris in the snow storage area should be cleared from 
the site and properly disposed of no later than May 15 of 
each year the area is used for snow storage. 

Onsite Management: Delivery/Handling/Loading 
• All sand and sand/salt mixtures temporarily out in the open 

should be covered to prevent salt from being washed or blown 
from the pile. 

• If a permanent covered work area is not possible, then storage 
and handling activities should be conducted on impermeable 
(bituminous) pads. Any deicing materials left outdoors should be 
completely covered with waterproof tarpaulins. 

• All surplus materials must be removed from the site when winter 
activity is finished. 

• Working areas should be bermed and sloped to allow snow melt 
and stormwater to drain away from the area. In some cases, it 
may be necessary to channel water to a collection point, such as 
a sump, holding tank, or lined basin for collection. 

• Storage and distribution should only be conducted during the 
fall/winter season. 

• Spreaders should not be overloaded such that material spills off 
the vehicle. A plan for loading operations to prevent overfilling 
vehicles and eliminating material spillage during transportation 
should be developed and implemented. 

• Salt spilled at the storage yard and loading areas should be 
collected and returned to the storage pile. 

• Annual inspection and repairs should be carried out prior to the 
start of each season. 

• Ongoing inspection of storage structures, work areas, and deicing 
liquid storage tanks should be carried out during the season. 

• Solid bagged materials should be stored securely, indoors if 
possible. 

• Spreaders should only be washed at a location where the wash 
water is properly managed. Please refer to Appendix L for The 
DES fact sheet on the Management of Vehicle Wash Water. 
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• Liquid storage tanks should be designed such that a plumbing 
failure will not result in release of the contents. Backflow 
prevention may be necessary on some plumbing applications. 

5.2 Information: Evaluate and Monitor Conditions 
Knowing current and expected conditions is essential for planning snow and ice 
control operations. Weather and road conditions change constantly and must be 
monitored. The decision to initiate treatment can only be made if accurate 
information is available. Treatment options chosen should be modified as necessary 
to address road conditions as they develop. 

Monitor and evaluate the following information to assist in making the 
right treatment decision: 

• Start and end times of precipitation 

• Type of storm, precipitation type and amount expected, wind, 
intensity 

• Pavement, ambient and dew point temperatures and trends 

• Road conditions and surfaces 

• Post-storm forecast 

• Traffic and accident information 

Information can be obtained from local, state, and national weather and road 
services. Access to information can be obtained by phone, radio, internet radar 
forecasting services, R WIS data, and by truck mounted or hand-held pavement 
temperature sensors. Private weather and road condition forecasting services are 
also available by contract at a cost to the subscriber. 

Truck mounted and hand-held infrared pavement temperature sensors are critical 
tools for operators because they provide real-time data and allow for application 
rate adjustments to be made accordingly. 

Communication among operators and law enforcement officials can assist in 
making snow and ice management decisions. 
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5.2.1 Weather Information Resources: 

• Intellicast is an internet weather resource that provides detailed 
information regarding storms, temperatures, and forecasts by 
radar and satellite maps. 

• There is also a wxMap function that is interactive by the user. 
Additional information can be obtained at: www.intellicast.com 

• Accuweather is an internet web site resource that provides 
weather information by location, providing forecasts, radar and 
maps, and severe weather alerts. Additional information can be 
obtained at: www.accuweather.com 

• WMUR Storm Watch 9 internet web site provides local New 
Hampshire weather with live doppler radar, maps, video casts, 
alerts, temperature outlooks. Web site information can be 
obtained at www.wmur.comlweatherlgrid.html 

• The National Weather Service website at: www.noaa.gov 
• NOAA Weather Radio-(NWR) a service ofthe National Oceanic 

and Atmospheric Administration ofthe U.S. Department of 
Commerce provides continuous broadcasting of up to date 
weather conditions from the National Weather Service office. 
Broadcast information can be obtained on the VHF public 
service band at the following frequencies: 162.400 I 162.425 I 
162.450 I 162.475 I 162.500 I 162.525 I 162.550 
Or online at: 
www.nws.noaa.govlforecastslgraphical/sectorslnewhampshire.ph 
Q 
R WIS (Road Weather Information 
System)- R WIS units contain 
Environmental Sensing Systems (ESS) 
that measure variabilities in ambient 
air temperature, relative humidity, 
visibility, precipitation, sub surface 
temperatures, and sometimes traffic 
patterns. Data is then collected by the 
Remote Processing Unit (RPU) which 
is used to assist in winter maintenance 
decisions. R WIS can help minimize 
chemical applications and optimize 
operator resources as well as to assist 
in weather events and advisories. The Fig. 30 RWIS Station 
Department of Transportation currently operates R WIS towers 
near the Salem rest area off 193 exit 1, in Derry, at the junction of 
193 and 101 in Manchester, and several other locations around 
the state . It is recommended that the municipalities consider 
coordinating with DOT to use the weather and pavement 
condition data provided by R WIS to effectively respond to 
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upcoming weather conditions and storms. For additional 
information regarding station locations within New Hampshire 
please visit the DOT informational poster on R WIS at: 
http://www .nh.gov I dot/ org/pro j ectdeve lopment/materials/researc 
h/projects/documents/12323i poster.pdf 

5.2.2 Pavement Temperature 

The two most critical factors that can produce a winter road hazards are 
pavement temperature and the dew point/precipitation rate. Pavement 
temperature, not air temperature, is the deciding factor for treatment type 
and duration. The pavement temperature directly effects the formation, 
development, and breaking of a bond between fallen or compacted 
precipitation and the road surface. The pavement temperature also 
determines the effectiveness of any applied chemicals. Pavement 
temperatures can be significantly affected by the following: 

• Air temperature trends - may indicate what the pavement 
temperatures are likely to do. 

• Subsurface temperatures - warm subsurface temperatures 
(typically in the fall) will help pavement hold heat and keep the 
pavement temperature from dropping. During the winter and 
spring, pavement temperatures will drop quickly because the 
ground is still cold. Pavement temperatures can be considerably 
colder then the air temperature in the spring, creating frost and 
ice conditions. 

• Time of day - The amount of sunlight and the angle at which the 
sunlight hits the road will influence the pavement temperature 
and the melting effectiveness of any chemical that has been 
applied. 

• Cloud cover- Daytime cloud cover can cause pavement 
temperatures to cool. During the night, lack of cloud cover 
causes heat to escape and cooling to occur. 

• Wind speed and direction - can have either a wanning or cooling 
effect. 

• Precipitation rate - the amount of precipitation; whether it is 
snow, freezing rain, or sleet that falls within a given time will 
affect the temperature ofthe pavement. 
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Black ice or frost will form on a very cold pavement surface when air has 
cooled to its dew point. The dew point is the saturation temperature of the 
air. The higher the dew point, the greater the moisture in the air. The lower 
the dew point, the drier the air. When the air temperature is cooled to the 
dew point, water vapor in the air will condense into either a liquid or a solid. 

It is essential to know the current pavement temperature, dew point, 
and weather forecast to accurately treat snow and ice problems. 

5.2.3 Traffic, Road Surface, Beat 
Vehicles can affect the pavement surface in many ways. Vehicles can 
compact the snow, abrade it, displace it or disperse. Heat from tire friction, 
engines, and exhaust can add measurable heat to the pavement surface. 
Vehicle action and road surface can influence, both positively and 
negatively, the effectiveness of snow and ice control. The volume of 
vehicle traffic should be considered when establishing levels of response. 

Road surfaces such as asphalt, porous pavement, or gravel and locations 
such as intersections, bridges, shaded areas, steep grades, sharp curves, 
on/off ramps, and areas near high traffic facilities should be given special 
consideration along with areas prone to snow drifting or that experience 
sudden icing. 

Have efficient and effective beats planned for your staff and prepare 
procedures for call outs and call backs. Have a description of beat length, 
the average time to run the beat along with the amount of chemical needed 
to complete it. 

Road variables to take into consideration include: 
• Geometries- bridge decks, steep grades or sharp curves will 

influence the application rate required. 
• Cold Spots- Cold spots at higher elevations or in shaded areas 

may require application and treatment techniques that are 
different from the rest ofthe route. 

• Pavement Surface - surface consistency and variation will affect 
the types of equipment and techniques used. 

• Lanes - the number of lanes being treated will effect the cycle 
time of the beat. 

• Speed- truck speed will vary considerably due to traffic, 
buildings, pedestrians, and road type. 

• Time of day- The amount of sunlight and the angle at which the 
sunlight hits the road. 
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5.3 Decision: Treatment Technique and Selection of Material 
Winter maintenance practices can use reactive approaches, proactive approaches or 
a combination of the two. 

A reactive approach (de-icing) is choosing to apply road salt (or other deicing 
chemical) after the onset of a storm to break down the bond which has already 
formed between frozen pavement and the pavement surface. This approach is seen 
as the traditional method of snow and ice removal and is not as effective in 
preventing hazardous road conditions as using a proactive approach. Reactive 
approaches use more deicing materials in order to remove accumulated materials, 
take longer to reestablish and/or maintain the level of service to roadways and 
parking lots and have higher environmental and infrastructure impacts. 

Selecting a proactive approach (anti-icing) prevents the formation of a strong bond 
between frozen precipitation and the pavement surface so that precipitation can be 
easily removed mechanically. Using proactive approaches have the least amount of 
environmental and infrastructure impacts, allow a better level of service to the 
roadways to be maintained, and decrease the amount of callbacks. 

In the next section, salt reduction best management practices are recommended for 
all sectors. Practices recommended will not decrease the level of service to 
roadways and/or parking lots, and as long as they are completed properly, may 
increase the level of service while reducing the level of chlorides being applied. 

5.3.1 Treatment Techniques: Plow, Anti-Ice, De-ice 

Mechanical Removal 
Increasing mechanical removal is one of the best ways to limit salt 
use. Mechanical removal should begin with onset of the storm and 
continue throughout the storm. If de-icing chemicals are to be used, 
the primary goal is to remove as much snow or loose ice before 
applying chemicals. This maintains the chemical's effectiveness 
without concern for excessive dilution. Most snow removal policies 
in New Hampshire call for plowing to begin ifthere has been at least 
a 4-inch accumulation of snow on the road surface. Revisions should 
be made to incorporate more aggressive mechanical removal so 
accumulation on roads and parking lots does not occur. Anti-icing 
prior to the storm event should also be combined with mechanical 
removal to be most effective. 
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Anti-icing 
Anti-icing is a preventative or proactive strategy to winter 
maintenance and is often the first action taken. Anti- icing is a 
technique where a snow and ice control chemical is placed on the 
roadway well in advance of a snow, ice or frost event. Application of 
an anti-icing material is designed to prevent and/or weaken the 
precipitation's bond to the pavement, making removal of snow or ice 
easier than with traditional deicing methods, and buys critical 
response time. The applied chemical remains on the pavement 
surface and activates with moisture when precipitation begins. 
Heavy traffic volume, the amount and type of precipitation, 
pavement temperature, and mechanical removal of snow will 
influence the rate of dilution of the anti-icing chemical. 

Anti-icing on roadways is most commonly done with liquid 
applications, however anti-icing is not limited to using liquids. Using 
solid pre-wetted materials for anti-icing can be effective in areas 
where the materials are not quickly removed from the surface by 
traffic, such as sidewalks and parking lots. The application timing is 
essential with any anti-icing program. Tt is recommended that 
accurate weather forecasts, including storm length, precipitation type 
and temperatures, be incorporated into the decision when applying 
anti-icing materials. 

Liquid brine is directly applied to the pavement surface in 
anticipation of an upcoming weather event. Brine can be applied 12-
18 hours before the event and should be conducted during times of 
low traffic and pedestrian travel. The brine is applied with a liquid 
application in streams, in controlled amounts. Brine streams should 
be placed 8"-12" apart to dry on the pavement surface. By applying 
in rows with bare pavement in between it will reduce the potential 
for slippery conditions to occur depending on the chemicals used. 
Once frost or snow begins to fall, the moisture will reactivate the 
dried strips into brine that help prevent binding of snow/ice. 

Anti-icers will work until the eutectic temperature of the solution 
meets the pavement surface temperature. Refreezing will occur 
when an ice control chemical dilutes and melting stops at a given 
surface temperature. Salt brine should not be applied if the 
temperature is expected to drop below 20° F to prevent. Calcium 
chloride (CaCl) or magnesium chloride (MgCl) brine is not 
recommended if pavement temperatures are expected to exceed 
28°F, which may create slippery conditions. For proprietary brine 
blends please refer to the manufacturers recommendations for 
application timing and appropriate temperature ranges. The 
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following table provides data on the lowest practical melting 
temperature for several different anti-icing brines. 

T bi 7 L a e . owes tP f I M If T rae 1ca e mg emperatures 

Sodium Calcium Magnesium Calcium 
Chloride Chloride Chloride Magnesium 
(NaCI) (CaCb) (MgCb) Acetate 

(CMA) 

Concentration 23 30 27-30 32 
% 

op 15 -20 -10 20 

Over application of brine at any temperature has the ability to 
produce slippery road conditions; always follow application 
guidelines. Reapplication of brine is not always necessary if residual 
remains; it can still be active even days later. For the UNH T2 Best 
Management Practices fact sheet on Anti-icing please refer to 
Appendix E. 

Benefits from anti-icing are: 
• provides a higher level of service throughout a storm 
• keeps snow in a plowable condition 
• requires less chemical (e.g., salt, etc.) 
• improves roadway friction and lowers accident rates 
• decreases maintenance and clean up costs 
• road conditions can return to bare pavement faster than 

with deicing 
• reduction or elimination of abrasives 
• provides bare pavement for some events 
• leads to faster cleanup after the storm has ended 
• reduces environmental impacts 
• reduces plowing time and overtime usage as well as 

operator fatigue 
• reduces traffic delays and leads to fewer accidents 
• provides significant cost savings over time 
• can be applied during non-rush-hour traffic or while 

businesses are closed. 

Deicing 
Deicing is the winter road maintenance practice of applying solid 
deicer to the top of a layer of snow, ice or frost that is already 
bonded to the pavement. Deicing is the most common practice used 
currently in the state ofNew Hampshire. Deicing is a reactive 
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approach that weakens the freeze bond to the pavement so that the 
frozen precipitation can be removed mechanically. Using solid 
deicers can result in up to an 80% loss of material to the roadside 
due to bounce and scatter. A Montana study (Williams, 200 I) found 
that deicing typically requires 5 times the amount of chemical 
product that anti-icing requires. 

Figure 31. Road Condtions Anti-Icing vs. De-Icing 

5.3.2 Selection and Use of Materials 

Material selection is dependent on many factors, including: environmental 
impact, product availability, practical melting temperature, application rates, 
equipment capacity, roadway systems, weather conditions, safety and 
liability, and associated costs. 

It is also important to note that winter road maintenance technologies are 
rapidly changing due to industry and environmental needs. It is essential to 
keep informed of new practices, technologies, and products that can 
contribute to the safety of the environment and the public. All stakeholders 
should consider an annual review and implementation of the most 
appropriate current technologies. 

Salt (Sodium Chloride/ NaCI) Figure 32. 
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Salt is the most 
widely used snow 
and ice control 
product. When salt is 
applied in solid form 
it first has to dissolve 
into a brine before it 
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freeze point 
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means that when mixed with water, depending on the concentration, 
it will lower the temperature at which the solution freezes. Solid 
sodium chloride loses it effectiveness (has difficulty going into 
solution) when temperatures fall below 15° F. Applications of dry 
salt below this temperature, even at high rates, will not result in 
snow or ice melting; therefore, it is critical that salt is applied at the 
appropriate pavement temperature. The average cost ofNaCl is 
$58/ton or about $0.07 a gallon for 23.3 percent brine solution. 

Dry salt that is applied directly to roads does not all remain in the 
targeted application area. The salt grains bounce and scatter after 
being applied and are blown off the pavement surface. With less salt 
retained on the road additional treatments or higher than needed 
application rates are required. For best effect with the least 
environmental impact salt should be pre-wetted with brine rather 
than applied in dry form. Refer to Appendix F for additional 
information regarding how salt works and Appendix H on pre
wetting salt. 

Other Chlorides 
Calcium(CaCl) and magnesium chloride(MgCl) are often used as 
salt alternatives; however, they have the same impact on water 
quality since they both contain chlorides. These chemicals work 
differently than salt in that they do not require heat energy to go into 
a solution; instead they give off heat when they go from a solid into 
a solution. Their main benefit is having lower eutectic temperatures, 
providing more melting power at lower temperatures. They are more 
effective in dry, cold conditions as compared with salt. It is not 
recommended that they be applied at high application rates or when 
pavement temperatures are above 28 degrees Fahrenheit due to an 
increase in slippery road conditions. They are both corrosive and 
may contain corrosive inhibitors. The cost associated with making 
brine using Mg chloride averages between $0.45-$0.75/gal and for 
Ca chloride the cost of brine is around $0.82/gal and $250/ton for 
flake. 

Alternative De-Icers 
Environmental impacts associated with the selection of alternative 
deicers should be considered. Road salt alternatives are primarily 
proprietary and are not well documented in scientific literature. 
Available data is limited, particularly regarding long-term 
environmental impacts. 

Most agricultural by-products are not as good at melting ice; 
however, they do slow the formation of ice crystals, making them 
good for anti-icing and pre-treating. Some agricultural byproducts 
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have freezing points near -30° F. They are less corrosive than many 
conventional materials. Most products are derived from the 
processing of grains or other agricultural products. They have a 
higher cost associated with them and most often are mixed with 
products such as magnesium chloride. 

Table 7. Generalized Environmental Concerns for Chloride Alternatives 

Product 
Chemical 

General Information Environmental Concern 
Formula 

Calcium 
powder, crystal, pellet or liquid, 

Magnesium 
CaMgAc non-corrosive, cost around 

Organic content leading to 
Acetate 

$1,000/ton or $1.30/gal 
BOD 

(CMA) 
Potassium liquid, non-corrosive, 50% 

Organic content leading to 
Acetate KAc concentration cost around 

BOD 
(KA) $3.00/gal 

mostly proprietary, can be derived 
from corn, beet, alfalfa, alcohol, Organic content leading to 

Agricultural 
N/A 

grains, or molasses. Less BOD, Heavy Metals, 
By-Products corrosive, lowers freeze point, nutrient enrichment by 

generally not good at melting phosphorus, nitrogen 
alone. Avg cost $1.00/gal 

Rapid break down and 

Urea (Urea, Urea, 
fertilizer with high nitrogen release of Ammonia, 

content, corrosive, cost around Fertilizer leading to nutrient 
Ammonia) Ammonia 

$350.00/ton enrichment, algae blooms 
and BOD 

Since Dinsmore Brook flows into Cobbetts Pond and Cobbetts Pond 
is impaired for dissolved oxygen saturation and total phosphorus, 
agricultural by-products are not recommended, except in small 
quantities to pre-wet salt. 

Addition of organic compounds (e.g., acetate or mixed organic 
matter from biomass) may cause deoxygenation in the water, which 
in turn could cause the release of potentially harmful substances such 
as heavy metals into the groundwater and could be a cause oftaste 
and odor problems (NCHRP, 2004). 

Brine 
Using brine is the most cost effective way to anti-ice or pre-wet. 
Brine is widely used in other states because it is easy to produce, 
economical and effective for events occurring at moderate or 
subfreezing temperatures. There are many types of products that are 
used to make brine such as sodium chloride (NaCl), magnesium 
chloride (MgCl), potassium acetate(KA), calcium magnesium 
acetate(CMA) as well as proprietary blends. Each product has its 
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advantages and disadvantages. For example calcium and magnesium 
chloride brines are effective at lower temperatures than sodium 

chloride, but they are more 
expensive ( 45-80 
cents/gallon for 28% 
solution) and can be 
difficult to handle. Also, 
calcium and magnesium 
chloride residue on road 
surfaces can attract 
moisture at lower relative 
humidity, unlike sodium 
chloride brine, that may 
result in dangerous, 
slippery road conditions. 

Figure 33. Brine Making Facility Chloride alternatives such 
as potassium acetate, used predominately at airports due to its 
reduced corrosion effects, cost about $7 per gallon. Agricultural by
products cost about $1-$2 per gallon in comparison to the cost of 
sodium chloride at about $0.07/gallon (assuming rock salt is 
$58/ton). The New Hampshire Department of Transportation is 
currently offering to sell brine and brine blended with Ice Begone to 
the municipality from the Derry Interstate shed #528 with associated 
costs of $0.15/gal. and $0.45/gal. respectively. 

The most commonly used brine is mad Figure 34. Phase Diagram 
using sodium chloride (rock salt) 
and water. Sodium chloride brine 
solution needs to be 23.3 percent 
salt to work effectively. When a 
chemical is mixed with water, or 
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freezing point of the water, which is 
called the eutectic temperature. As 
the concentration ofthe mixture 
changes, or dilutes on the road 
surface, the melting temperature 
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lower temperatures. Salt brine produced at 23.3 percent has a lowest 
practical melt temperature at around 15° F; application on roads with 
pavement temperatures below this are not recommended as the salt 
brine can refreeze causing slippery road conditions. The following 
graph obtained from the salt institute shows the effects of salt brine 
and freezing at various temperatures. 
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The basic equipment used in brine making is a 
mixing tank, a holding tank, a pump, and a 
salometer. It is recommended that brine mixing 
and storage be indoors to reduce the risk of freezing 
when temperatures are below 0° F; a circulatory 
pump may be used to reduce this risk if outdoor 
storage is the only option. If a mixing facility is not 
available or desired brine may be purchased from 
an independent vendor. DOT is currently willing to 
sell brine to the town of Windham for a pre-wetting 
trial period. 

Figure 35. Salometer 
Use the following guidelines for working with brine: 

• Salometer reading should be 88.3 for 23% solution 
• Specific gravity of 1.179 at 60° F 
• Freeze point of -5.8° F for 23% solution 
• One gallon of saturated brine contains 2.64 7 pounds of salt 

and weighs 10.027 poumds. 
• One gallon of water dissolves 2.991 pounds of salt to 

produce 1.13 gallons of saturated brine. 
• One ton of salt will produce 755.5 gallons of saturated brine. 
• Chemical additives can be mixed with brine to further lower 

the freeze point. 
For information about the proper storage of brine, see the Brine 
Storage and Management section. Refer to Appendix G for the New 
Hampshire Best Management Practices fact sheet on making brine. 

Pre-Wetting 
Pre-wetting is a term referred to a liquid deicer that is applied to a 
solid-based deicer in order to create a quicker reaction time for the 
solid deicer to begin melting snow and ice. Salt doesn't work until it 
is in solution, so it is recommended that all dry salt be pre-wetted 
regardless of the temperature. By introducing moisture into salt prior 
to application, the results are a quicker melting action, reduced 
bounce and scatter of material, and a reduced application rate. 
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With a quicker 
melting action the 
application rate of 
pre-wet salt can be 
decreased by 
approximately 20 
percent over dry 
salt, which saves 
money, increases 
level of service, 
and reduces 
chloride in the 
environment. 

Figure 36. Ice Melting 

Pre-wetting decreases the amount of material that resides outside the 
target application area due to bounce and scatter. In a Michigan 
Highway Department study it was found that 20 percent to 30 
percent of dry salt applied was immediately removed from the target 

% Salt Retrieved 
from2.4flp~t 

78% 

Unretrieved 
Salt 

pavement area. 
With pre-wet 
salt already 
beginning to 
produce a brine 
it tends to 
"stick" to the 
pavement 
surface and is 
worked in by 
vehicle and 
pedestrian 
traffic. Pre

Figure 37. Bounce and Scatter of Salt wetting has 
shown to increase the performance of solid chemicals and their 
longevity on the roadway surface, thereby reducing the amount of 
materials required. (O'Keefe and Shi, 2005) 

Pre-wetting can be accomplished at the stockpile, in the body of a 
truck, at the spinner, and at the auger. 

Wetting stockpiles can be done with a liquid injector that uses 
special nozzles that inject deep into the pile, but this method is not 
readily used due to the level of management required. The degree of 
coating on dry salt is highly dependant on the skill of the operator 
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and frequent reworking of the pile is needed. Because of leaching 
risks, all stockpiles should be covered and on an impervious pad. 

Another method of pre-wetting at the pile is to move the needed 
amount of dry salt into an area for mixing. Spray liquid deicer onto 
the smaller pile at the desired rate, mix, and then load into the truck. 

Spraying truckloads is 
accomplished by spraying 
liquid chemical onto a 
loaded truck, or while 
material is being loaded 
to the truck with an 
overhead spray-bar 
system. Spraying 
stockpiles and truck loads 
is not as practical since 
granules are not 

Figure 38. Overhead Pre-Wet Spray 
System 

uniformly coated and liquid may drain out of the solid material. 
Performance on the road may not be consistent throughout the route. 

The most efficient method is to pre-wet while salt is being 
discharged from the chute or at the spinner. 

Solutions for pre-wetting can include sodium chloride brine, calcium 
chloride, magnesium chloride, potassium acetate, calcium 
magnesium acetate and various agricultural products. 

For the UNH T2 best management practices fact sheet on Pre
wetting please refer to Appendix H. 

If pre-wetting salt is not an option then pretreated salt may be 
available for purchase from your local supplier. It is important 
that the pre-wetted salt be stored in a covered area or within a 

building to reduce leachate and material waste. 

Abrasives 
Abrasives (sand and fine mineral aggregates) provide temporary 
traction on roads, hills, intersections or other problem areas. 
Abrasives do not melt ice or snow. They are generally used in very 
cold temperatures when other materials are not as effective. 
Abrasives, once applied, are quickly dispersed offthe road surface 
by traffic, therefore they are most beneficial in very low traffic areas. 
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Abrasives are not cost 
effective when considering 
the handling, application, 
clean up, and disposal of 
material. There is generally 
no advantage gained from 
the routine use of abrasives 
in a winter maintenance 
program since more 
applications of a salt/sand 
mix are required to achieve the same level of melting as straight salt. 

Negative environmental impacts from sand use also exist. Traffic 
breaks down abrasives into smaller particles and contributes to air 
pollution. Abrasives make their way into waterways, filling in the 
spaces between bottom substrates and choking out aquatic habitat. 
Abrasives. also clog ditches and storm drains, requiring extensive 
clean up. 

Abrasives can also be contaminated by the road surface from heavy 
metals such as lead, zinc, iron, copper, cadmium and chromium that 
are released from vehicles. Street sweeping materials cannot be used 
as fill unless they are tested and found to be clean. If street sweeping 
materials are contaminated, proper disposal is required at specialized 
landfills. 

Because abrasive applications offer the limited benefit of temporary 
traction on roads, it is recommended that abrasives should not be a 
routine operation of an anti-icing program. Sand is more beneficial 
for pedestrian applications, such as parking lots and sidewalks. 

If sand is to be used, a common practice is to add a small amount of 
salt to keep it in a workable and spreadable condition. Using 
standard uncompacted densities for salt (2,000 lbs/yd3

) and sand 
(2, 700 lbs/yd3

), the recommended ratio of salt to sand is about 0.4 
percent, or 1 00 pounds of salt to one cubic yard of sand. In extreme 
cold conditions these rates may be increased if the sand pile freezes 
or if alternatives such as calcium chloride or other deicer with a 
lower freezing point can be used. 

The use of "sweetened" sand/salt mixtures like 50/50 is wasteful, 
inefficient, and has high environmental impact. 

Sand piles that have been mixed with salt or other deicing chemical 
to avoid salt leaching should be covered or enclosed 
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5.4 Action: Application Rates and Practices 
The goal ofwinter operations is to maintain the specified Level of Service while 
using the minimum practical amount of chemical. Spreading rates and the timing of 
application are decisions that need to be made based on variables in weather 
conditions. 

Although there are no firmly set application rates due to these variables, it is 
feasible for guidelines to be established based on known data. With continued data 
collection and by performing application rate studies these recommendations can be 
modified based on experience. 

The approach to snow and ice control should be proactive. Therefore, it is 
recommended that anti-icing be the preferred method of operations when conditions 
permit. Mechanical removal of snow with proper plow types and cutting edges 
should be used to ensure adequate cleaning of the roadway prior to secondary 
chemical application. When applying chemical it is best managed by the use of 
ground speed oriented spreaders. 

Appendix I contains application rate guidelines established by for roads and 
Appendix J contains application rate guidelines established for parking lots. The 
recommendations are based on data issued in Appendix B of the New Hampshire 
DOT Salt Management Plan and are derived from recommendations set by New 
York State Department of Transportation (NYDOT). They are in chart form with 
various winter conditions, temperatures, and treatment options for dry rock salt and 
pre-wet rock salt. 

Application rate guidelines for straight liquid salt brine (23 percent concentration of 
NaCl) chemical are provided in Appendix M. They are based on data issued by the 
City of Hamilton, New Jersey and are recommended as a starting point, to be 
adjusted as experience dictates. Caution should be used as over-application of salt 
brine may cause slippery road conditions. 

The following chart is a range of application rates for a variety of treatment options. 
Data sources are identified next to the recommended rates. The rates should be 
adjusted depending on various weather conditions and temperatures. In general 
lower rates are used at warmer temperatures around 28° F - 32° F and higher 
application rates are used at temperatures below 28° F. For temperatures below 
l5°F liquid chemical, salt, and prewet may not be beneficial due to chemical 
inactivity, increased chance of rapid freeze, and application rates that would be too 
high to be cost effective. Verify your products effective melting temperature prior 
to application and as a general rule use less chemical if the temperature is rising and 
more chemical if the temperature is falling. 
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T bl 8 G a e en era lA r f Rt ,ppllCa IOU a es 
Dry Salt Salt 23% Salt 27%Mg 32%Ca Potassium Calcium Sand (lb.) 

(lb.) prewet Brine Chloride Chloride Acetate magnesium 
with NaCI MgCI Mg/CI (Ka) Acetate 

Brine (gal.) (gal.) (gal.) (CMA) 
(lb.) (gal.) I (lb.) 

Roads 100-450 80-350 30-40 28-30 33-36 10-30 15-25 I 500-800 
(per/lane NY DOT NYDOT NYDOT NY DOT NYDOT UNHT2 200-400 NHDOT 

mile) UNHT2 

250-300 80-320 40-60 15-25 15-60 400-800 
NHDOT MN05 NHDOT/ MN05 UNHT2 UNHT2 

UNHT2 

100-400 upto250 15-35 25-32 WI 
MN05/ FHWA 20-50 UNHT2 

UNHT2 MN05 
(89-111 

26-33 WI dry per 
100 WI 44 WI lb.) WI 

(74-94 
up to 250 25-80 NJ dry per 
FHWA lb.) WI 

25 
FHWA 

Parking 3-14 3-11 0.5-0.75 0.1-0.2 
lots T2 T2 T2 MN06 

(per/1000 
sq.ft.) 

0.75-3 0.75-2.5 0.2-0.4 
MN06 MN06 MN06 

NYDOT- Htghway Mamtenance Gutdehnes Snow and Ice Control 2006 
NHDOT- Winter Maintenance Snow Removal and Ice Control Policy 200 I 
MN05- Minnesota Snow and Ice Control Field Handbook for Snowplow Operators 2005 
MN06- Minnesota Winter Parking Lot and Sidewalk Maintenance Manual 2006 
NJ- Hamilton, New Jersey- Implementing an Anti-Icing Policy at the Municipal Level 2007 
T2- University ofNew Hampshire Technology Transfer Center, Guidelines for Parking Lots 2010 
UNH T2- Technology Transfer Center Salt Reduction Workshop for Supervisors 2010 
WI- Wisconsin Transportation Bulletin, Pre-Wetting and Anti-Icing, No. 22 
FHWA- Federal Highway Administration, Manual ofPractices for an Effective Anti-Icing Program 

The most efficient and effective tool for reducing chloride levels without 
decreasing the level of service is selecting the appropriate time and method of 

snow and ice removal for each storm. 
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5.4.1 Sidewalk Treatment 
Sidewalks are often the most over
salted areas in winter maintenance, 
due to the perceived need for 
"precautionary" measures or to 
"burn-off' snow. Having salt and 
sand on indoor entryways and on 
floors can lead to slippery 
conditions inside buildings. To 
reduce the amount of deicer that is 
carried into a building, focus should 
be on aggressive mechanical 

Figure 40. Sidewalk Spreader 
removal of snow and proper application rates. When applying the deicing 
chemical disperse material using a drop spreader and install shields to 

Figure 41. Damage to Vegetation 
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restrict the spread pattern on rotary 
spreaders. This will keep the deicer in 
the area it is need while protecting 
nearby vegetation. Equipment 
calibration will assist in proper 
application rates for the area being 
treated. These steps will produce safer 
walking surfaces both on the sidewalk 
and in the building, providing a safer 
environment for patrons. 
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5.4.2 Calculating the Area of a Parking Lot or Sidewalk 

In order to know the total amount of de-icing chemical to apply the area 
being treated should be calculated. For a parking lot or sidewalk use either a 
scaled map, available from the property owner, or actual measurement. 
Knowing the area along with the pavement temperature will allow use of the 
application cha1is above. 

The area or square feet of a square or rectangle is Length (L) x Width 
(W) 

l 

w 

The area or square feet of a circle is 3.14 x ( r x r) where the 
radius ( r) is half the distance 
across the circle 

The area or square feet of a right triangle is Length (L) x 
Width (W) divided by 2 

w 

Always 
remember to: 

Plow or 
shovel before 

applying 
chemical 

Use the 
proper 

application 
rate for the 
condition 

To calculate the total amount of chemical needed multiply the application 
rate (from the guidelines chart) by the area and divide it by 1,000 sq.ft. The 
result is the total chemical needed for your application area. 

Example: a parking lot area of 100,000 sq.ft. with an application rate of 3 
lbs/1 OOOsq.ft. 100,000 x 3 = 300,000 /1000 = 300 lbs of chemical (six 50 
lb bags). 
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5.5 Evaluate: Review of Activities for Subsequent Operations 
Assessing practices and treatment activities post-storm can help inform subsequent 
operational decisions. Document events in a storm data collection system and keep 
it accessible for review as needed. The following information should be 
considered: weather conditions, pavement conditions, treatment type and time, 
plowing activities, treatment quantity, observed risk areas, accidents, environmental 
impact and input from others in the community. 

Summary of Key BMPs 

Plow, shovel, blow: Use mechanical means by which to remove snow and ice prior to 
using chemical control. 

Calibrate: Calibrate equipment annually to know how much material is being 
applied. Keep calibration records in your vehicle for proper spreader settings. 

Correctly apply: The right chemical at the right time under the right conditions. 
Adopt new technologies such as ground speed oriented control and follow reduced 
application rates. 

Pre-wet salt: The application rate drops by 30 percent if salt is pre-wetted, it works 
faster and stays in place longer. 

Anti-ice: liquid brine applied before the storm will prevent ice from bonding to the 
pavement allowing for less chemical use and less operator time. 

Don't mix salt and sand: They work against each other. Salt is for melting and sand 
is an abrasive for use on top of ice. 

Storage: Make certain all salt piles are under cover and prevent water runoff. 

Training: stay up to date on current snow and ice treatment methodologies and 
technologies. 

5.6 Estimated Percent Chloride Reduction Potential by BMP Type 
Estimated percent reductions outlined in the matrix below are dependent on many 
factors. Weather severity, road surface condition, equipment type, proper 
calibration of equipment, operator skill and training level all contribute to the 
success of efficiently and effectively using chlorides within impaired watersheds. 
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Table 9 outlines recommended practices in which information is most readily 
available for achievable reductions without decreasing the level of service. 
Estimated reduction percentages were derived from a combination of literature 
review, information provided by equipment manufactures, and other states' 
experience implementing reduction programs. 

Table 9. Recommended Chloride BMPs 

Chloride Reduction BMPs Definition 
Potential% Chloride 

Pre-Wetting 
Application of salt brine or proprietary chemical to dry salt 
as it is being applied to the roadway 

Application of salt brine or proprietary chemical to dry salt 
Pre-Treating either before, during, or after it has been loaded into the 

truck. 

Anti-Icing 
Application of salt brine or proprietary chemical up to 48 
hours in advance of onset of st01m. 
Spreader ejects salt particles at the same velocity of the 

Zero-Velocity Spreaders forward motion of the truck's traveling speed; allowing salt 
to drop as if the spreading vehicle was standing still. 

Allows accurate dispensation of prescribed salt application 

Groundspeed Oriented 
rates irrespective of vehicle speed. Controls can be 

Spreader Controls 
integrated to automatically vary application rate with 
ground temperature. Controller units can integrate GIS and 
wirelessly download application rate data for review 

Equipment Calibration Ensures equipment application of chlorides is accurate 
In-Cab Air/Ground Temp. Installation of pavement and air temperature sensors with in 
Sensor cab readout. 

Training, improved storage Training staff about various best management practices, improving 

and handling practices storage and handling practices for loading and unloading salt 
.. 

Note % reductiOns assumed do not take mto account ex1stmg pract1ces 
* highly dependent on existing procedures and level of adoption 
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Reduction 

20%-30% 

10%-30% 

10%-30% 

10%-50% 

10%- 30%* 

5-20% 

1%-10%* 

10%-25%* 
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Section 6. Additional Recommendations for Chloride Reduction 

6.1 Procedural/Operational Training Programs 
In addition to training supervisors and staff that deal directly with snow and ice 
management tasks it is also important to provide training to police officers and 
emergency responders. There has been a direct correlation between not being able 
to "see" deicing materials on the roadway with the assumption that the roadway has 
not been treated. Often, the roadway has already been treated, but the deicing 
material applied may not have had a chance to begin working. Or, the truck may 
not yet have reached that part of its route. 

It is suggested that yearly pre-winter meetings be held with the New Hampshire 
Department of Safety, police officers and other emergency responders that are 
working together to keep roadways safe during the winter season. Pre-winter 
meetings can be an opportunity to provide information about the level of service 
and the methods used to manage snow and ice removal on various types of roads. 

The University ofNew Hampshire Technology Transfer Center (T2
) in cooperation 

with NHDES, NHDOT, FHWA, and USEPA has established training programs in 
winter maintenance for state, municipal and private sector operators. T2 has 
expanded winter maintenance offerings for State and municipal operators 
participating in the Roads Scholar Training Program, and created a new 
certification program for salt applicators. The training provides information on the 
environmental impacts of chlorides and how to efficiently use best management 
practices to obtain reductions while maintaining safe driving conditions. Training 
sessions run from half day to full day and include workshops for supervisors, 
operators, parking lot and private road attendants with various topics, classroom 
discussion and hands on learning. Training time is eligible for Professional 
Development Hours and Continuing Education Units through the University of 
New Hampshire. Participants receive certification upon successful completion of 
Level I training. 

6.2 Revisions to Planning and Site Plan Review Process 
Preventing environmental problems before they occur is the most cost-effective and 
productive way to plan for the future. Municipalities are empowered to regulate 
land use through zoning, subdivision, and site plan review regulations. 

To reduce the need for salt created by development and redevelopment, municipal 
site plan review regulations could require that parking lots be constructed and 
situated to minimize salt application. Parking space requirements should be 
minimized. Construction techniques should include porous pavement or other 
technologies that reduce the need for salt. Siting requirements should incorporate 
access to sunlight, and slope and curve limitations. 
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Future population growth and increased commercial development is expected in the 
vicinity of the I-93 corridor. Growth will accelerate the use of chloride deicing 
chemicals, and the TMDL does not include additional allocation for future private 
roads and parking lots. An allowance for increased development including roads 
and parking lots can be included in future implementation plans. Consensus for salt 
allocations among the owners of road and parking lot systems needs to be mutually 
agreed on. 

6.3 Liability Protection from Slip and Fall Claims 
A major obstacle to salt reduction voiced by private sector representatives is 
concern for increased liability due to salt reduction practices. In addition, the 
profession currently lacks formal training programs for snow and ice removal 
operators. 

The private sector is a critical partner in achieving salt load reduction. In response 
to these concerns, in 2010 DES requested a bill that would provide liability 
protection and create a certification and training program for commercial salt 
applicators. The bill was referred for interim study by the House Resources 
Recreation and Development Committee, which recommended the bill for future 
legislation. A new bill was filed for the 2011 session. 

In conjunction with supporting certification and training programs, private 
applicators should use the best management practices outlined in this manual with 
special focus on documentation of all storm events and winter maintenance 
activities in cases of slip and fall claims. Interest and participation in training 
activities, meetings, and work groups is highly recommended. 

6.4 Addressing Driver Behavior and Expectations 
A common concern expressed by highway maintainers and public safety officials is 
that drivers have an unrealistic expectation of 
clear roads at all times during the winter. This 
expectation leads to unsafe driving behavior, 
where drivers are moving too fast for road 
conditions and do not allow time for public works 
crews to do their jobs. 

The I-93 Salt Reduction Work Group expressed a 
desire to allocate some of the federal funds 
available for salt reduction to the regional need to 
address driver behavior. As a result $200,000 has 
been set aside for this purpose and a consulting 
firm with expertise in community based social 
marketing was selected for the work. 
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Figure 42. Message Board 
Posting 
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A social marketing campaign using specific motivating messages and tools to get 
past barriers to changing expectations or behaviors related to surface treatment and 
winter driving in New Hampshire is under way. The program is being designed 
based on previous research and recommendations summarized from Potential 
Solutions for Reducing Road Salt Use in New Hampshire: A Report to the I-93 Salt 
Reduction Workgroup, and additional suggestions from workgroup members. Goals 
ofthe project include: 

1) Altering existing public expectations and demand for state and local road 
and public and private parking lot winter maintenance including changing 
the perception that bare pavement is necessary during storm events and 
educating the driving public about the issues surrounding excessive salt use 
and the environment. 

2) Building support for and implementation of behavior change programs to 
assist with voluntary and mandatory approaches for the driving public 
including decreased snow speed limits, possible decreased winter speed 
limits, and incorporating winter driving expectations and safety into public 
and commercial driver education programs. 

DOT is planning an Intelligent Travel System (ITS) for the I-93 corridor that will 
bring real-time road condition information to drivers to promote lower vehicle 
speed and to encourage safer driving habits. The long term objective is to help 
change driver behavior and expectations during poor road conditions and especially 
during severe winter weather. 

The DOT Public Information Office and Bureau of Highway Maintenance are 
working together to establish an ongoing public awareness program. The program 
will integrate environmental concerns into public messaging about winter 
maintenance operations. 
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Section 7. Implementation Schedule & Assessment of Progress 

The town of Windham and DOT are responsible for tracking and reporting salt use to DES 
for each fiscal year for their operations. Tracking and reporting of private sector salt use is 
currently not regulated and therefore is only obtained by individual private sector 
applicators willing to share data. DES will annually track the salt imports to the watershed, 
the percent reduction goal and the number of violations until the water quality standards for 
chloride have been met at station I93-DIN-01. 

Because winter weather conditions vary from year to year, the process for determining 
compliance with TMDL load allocations will involve a 1 0-year running average, with 
estimates of compliance for any given year to be normalized from the Winter Severity 
Index (WSI). This process will be used to determine compliance for all sectors, and for 
individual properties or roads within sectors, in the event that becomes necessary. 

Assuming that the WSI is random and averages out over 10 years, the 1 0-year average salt 
allocation for each sector will be met if the salt use in any given year is less than or equal to 
the percent of the 1 0-year allocation predicted from this WSI relationship. This 
relationship will be assumed to be valid for all roads and parking lots. The measure of salt 
reduction success will be a rolling 1 0-year average of salt use relative to the official sector 
allocations. For information on performance during individual years, the official sector 
allocations will be adjusted using the relative percent difference between the Winter 
Severity Index for the year and the average Winter Severity Index for FY01-FY1 0 (-21.2). 
For example, if the Winter Severity Index for a year were 30 percent higher than the 
average, the allocations would be increased by 30 percent to evaluate salt use during that 
year. 

In addition, the Quality Assurance Project Plan outlines that specific conductance and 
water temperature will be monitored at 15-minute intervals with data loggers and chloride 
testing will be conducted every six weeks at the outlet station for the watershed, from July 
1, 2007 to June 30, 2016. Stream flow will be estimated using regression relationships with 
the USGS Beaver Brook gage. The data will be analyzed annually by DES for violations of 
the acute and chronic water quality standards and the percent reduction for critical 
conditions (NHDES Dinsmore Brook Chloride TMDL, April 2008). Trend analysis reports 
will be issued in the fall of2011 and 2016. 

It is reasonable to assume that the percent chloride reductions shown in Table 10 can be 
achieved by 2016 ifBMPs listed in Table 9 are fully implemented. 

Table 10. Dinsmore Brook Chloride TMDL Implementation Schedule 
Time frame % Chloride Load Reduction 

Shm1-Term (1-2 Years) 5% 

Mid-Term (3-7 Years) 25% 

Long-Term (8-10 Years) 49% 
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T bl 11 Chi .d R d f a e on e e uc lOll I f mpJementa ton PI an M atnx 

Objective: Creation of Educational Manuals, Training Programs 
Completion Date of Responsible Agencies 

and Procedural/Operational Strategies DES UNH DOT Windham LER RPC PS DOS 

I State Snow and Ice BMP Manual for Roadways 2012 2012 

2 State Snow and Ice BMP Manual for Parking Lots 2012 2012 2012 

3 
Develop DOT Winter Maintenance Training Program for 2012 
Salt Reduction 

4 Certification Training Program for Private Sector 2011 

5 Training and Certification Program for Municipal Staff 2011 2011 

6 Legislative approval of salt applicators license program DLA 

7 Legislative approval of mandatory use of snow tires DLA 

8 Develop Join Incident Protocols 2011 2011 

9 Complete Driver Behavior Study 2012 

10 Adopt traffic violation procedure to address reckless DLA 
driving during inclement road conditions 

II 
Develop winter driving training and require attendance DLA 
for repeat traffic violation offenders 

12 Develop training for inexperienced drivers, such as high 2012 2012 
school students 

13 Reduce driving speed limits during inclement weather 2010 2010 
conditions 

14 Hold prewinter meetings to review Level of Service 2011 2011 

15 Develop call-back ranking system 2012 2012 

16 Develop and adopt a formal snow and ice removal policy 2011 

17 Revise site plan review process to include designs and/or 2012 2012 
management strategies that may decrease chloride use 

18 
Revise permit review process to include designs and/or 2012 
management strategies that may decrease chloride use 

19 Creation of a salt reduction ordinance 2015 

20 Require mandatory training for employees and contracted 2012 2012 2012 
staff that deal with winter maintenance 

21 Review and update Salt Management Plans every 5 years 2015 

22 Development of company operational procedure manual 2015 
for snow and ice removal 

23 Develop record keeping strategy for salt application 2012 2012 2012 
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24 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

Properly store salt under cover and on an impervious 
surface and away from surface water 

Objective: Snow and Ice Removal BMP Applications 

ModifY existing equipment for prewetting 

Implement prewetting watershed wide 

Implement anti-icing watershed wide 

Use handheld or truck mounted spreaders 

Install ground speed oriented spreaders to trucks 

Use alternative snow fighting methods such as snow 
fences where applicable 

Manage overflow parking areas based on level of use 

Properly maintain and calibrate equipment 

Complete periodic inspections of parking lots and walk 
ways for over application of deicer. Follow up with 
staff/contractor on findings. 

Adopt BMP's at all salt storage and handling facilities 

Track salt use utilizing salt accounting system developed 
by UNHT2 

Install A VL systems to collect real time data 

DES UNH 

2011 2011 

Completion Date of Responsibly Agencies 

DOT Windham LER RPC PS 

2012 2012 

2014 2014 2014 

2016 2016 2016 

2011 2011 2011 

2014 2014 2014 

2011 2011 2011 

2013 2013 

2011 2011 2011 

2012 

2012 2012 2012 

2012 

2015 2015 

DES- Department of Environmental Services, DLA- Dependant on Legislative Approval, DOS- Department of Safety, DOT- Department of 
Transportation, LER- Local Emergency Responders, PS- Private Sec/or, RPC- Rockingham Planning Commission, UNH T2- University of New 
Hampshire, Technology Transfer Center, Windham- Town of Windham 

Five years after the publication of this Implementation Plan, DES will review the water 
quality and salt usage data to document what progress towards meeting the TMDL has 
been achieved. If the progress is insufficient, DES will reconvene the stakeholders and 
change the Implementation Plan. 
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Section 9: Appendices 

WINTER MAINTENANCE 
STORM LOG 

Appendix A NHDOT Winter Maintenance Storm Log 
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Step 1 Load the ck 
ParJally lood 1<~ t'tick. Half of a full load should be 
l"i"i":)fl? !han .adeqwte for calibration purpoSES_ 

Step 2: Set Your Controls 
Gall> Height Set tJ1e ga!<> height to its IO\\<est practical Y.~t!ing (- 2·). 

This should be >:ept oonstan~ thrcdghom the c..>libratioo proc6s. If you 
find !hat not encugh materia! is dispensed wi1h this setting. by 2.5' to 3'. 

Engin" Speed: Wa.'"m !h" !ruck up and run the 8'lgirn. at the typlcal ra:e 
seen during spreadmg {approxirr~'<l"lY 2000 rpm). 

Step 3· fv1easure Spread Width 
11.1€-asun= t:i're wid"~ that the: material ~XA~el5 durt11Q spreading< 
Do 1h6 fcr each ccnveyon'augff s"tting you are calibca1ing. 
Round your numbers to !he r.earost h:<lf foot a.~d """"rd !11811 
in rou!Tifl 'W' <Itt"' calibration char1 (see reverse side). 

Collect & Weigh Material 
You will need either a sheet of CS/lvas, a !a.']J, or a bucl<a to oo!lrct 
the rr,aterial !h:rt is dispensed from the SPfeade-r, as well as a scale. 
We>gh! the ot.;.ect you are using to oo!i;;..~t the F113terial in, and rl?CO!d 
that value in the purple box abo...., the discharge rate column. Collect 
material for 1 minute .. Weigh the role.tted mat;:rial and subtract th,;, 
weight of th,;, la<p'ca!JVa"..ibucket Rl?CO!d this value in the first pt.'Tp!,;, 
ca!umn of the calibration char~ Do !his 3 limes for each ronveyorl 
auger setting Uh:<t is typicah'y used. AYerage these thre<; values to
g,;,ther and re-cord in the orange column in the caflbra!ioo chart. 

Step 5· Perform Calculations 
Go lnsid;: and c-alculate ycur discharge rate using Ill,;, caiilxation chan fur each truclo; sj)e'::i and oonYeycfiauger 
setting you normally us;:. Refer to it,;: reverse sitie of this fsct sheEt f& c.:;frula!ion instructions. The fcrm.da you 
wili ~ using is. shown below: 

Step 6. Distribute Completed Calibration Cards! 
Pu: a ropy of the calibr.ition chart in the truck you Just callbrated. Also. leave a copy of th'i! calibrati:m chan in 
the office so you have a copy inca""' the origiru! is damaged. 

Technology Transfer Center 
ND)V Hamps.'l11'3 Ut\f' at IJNH 

Appendix B: Technology Transfer Center Fact Sheet- Hydraulic-Run Spreader Calibration 
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Material: ·--·--· .. ~--~-~~-~-·-----~-

Date: 

;t~r#z~1~~~~~~~~iYv~i~~t=?J I 

1 

2 

3 

4 

5 

EX 14 
5.2Sx 111~ 

73.92 81 '92 93 

Truck/Spreader ID: ~···--- ·---~~-·--~~--~·~-~-~~··-· 

Pertormedby:~--~~------·------~ 

(87+92+!B)Um 
9().67 

12x90.67'if 

73.92m~ 
6x90.67+ 

73.92'1:~ 
4><90.67+ 
73.92m~ 

3><90.67+ 
73.92~~ 

2.4 ><90.67t 

73.92"'~ 
2 :<90.67<· 
73.92,-~ 

Calculation Instructions: Mufti ply the spread width from column W. by 5.28 and record the answer in column A. For each conveyor/auger setting, add Run 1, 
>.R:il:n 2, and Rul'l~ together. Divide the result by3 and record in column S to get the average discharge rate. To find the pounds of material discharge 
p€r 1000 square feet, you must know the number of minutes it takes to travel one mile at every truck speed you intend to calibrate for. These numbers 
are designated as variable "C". The "C" value for each travel speed is shown in red under that given speed. Multiply column S, by the "C~ value for that 

speed and divide by the .. A, column to find the number of pounds of material discharged per 1000 square feet for the given speed. Record these numbers 
in the· D columns. The full equation is shown here: 

fl xC 
l)m~ 

Appendix B: Technology Transfer Center Fact Sheet on Hydraulic-Run Spreader Calibration 
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1: Load the Truck 
Pariiall~ load lhi! truck. Half cf a full load shv-.....ld be 
~re than ade:{:Uate for calibratioo pu}iJOsesN 

Step 2: Set Your Controls 
GaU. Height: Set the ga:e height to its lowest pr:acllcal setting ta slart 
(app<Oxima!ely 1" io 1.5"). Afu:r the iruck is ca1ibraled fonhe l:Y...-est 
gate setting~ ~:.atibra1.:e for each HZ' incre-ma1t greater than the ~st 
setting. Cootonue until all gate settings you use are calibrated. 

Ell{Jine Speed: Set the pony mC!:crs~ to the rnaximum settin-;J, or 
to t.'Je setting you v.uuld oonr,afiy use. 

Step fvieasure Spread 
~a_.q]re the- width th.:;t the material c0\1'e~ durirt.; spn:adinfi* 
Do thls fur each gate seting y'OU are c.>librating. Rcund yo;.;r 
numbers to the nearest half roe'! and recerd t!)em in cclumn 
'W' of t.'<e c:;!ihraticn chart (see f'e"<>?rse side). 

& h Material 
You will n~ e·itr.er a sheet of canvas, a larp, or a bucket to collect 
the matsial !~>.at ;,. dispen:Sed from the spreader, as wef! as a scale. 
Wejgh: the roject you ar.;; using to ool!ect the material in, and <ecord 
that value In the purple be:< above the dischaf!J€ rate column. Col

le-:::t ma!o!iiri.al fer 1 minute. Weigh the collected material and subtract 
the weight of the tarp.'canvastoucket. Record this value in 1he first 
purple o:~umn of the calibf31ion chart. Do this 3 times fur eadl gate 
~ning that is typically used. Average 1?-,;:se three values !O<;;ether 
3J"ld record in the oran-d" cclu:nn in the caHbralion dlan_ 

Step . Perforrn Calcu 
Go inside and cabJ!a1e your discharge rate using the calibrntion chart for e.:od1 truck sp~ and ga~ seiting 
you .-.;)rrr.ally use. Refer to the revelS€! slde of this fact shtei for cai<::Ulaticn <nst"\Jctions. The formul~ you v.111 be 
usir;g is ~hewn below: 

In= «;cl 
Step 6: Distribute Completed Calibration 
Put a copy of the ca~b<-atbn card in the truck youjustro!ibrated. Also, lea\'<! a copyofth<: oalibra!icn card in the 
olfice so you ha-•e a copy incase the original is d,:;,n1a.ged. 

~~~"'-<,. 
Technology Transfer Center 
NE¥•'>' Hnmpshim LTAP at UN!-1 
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Materia!: ----·-·------·~--~---~-~-· Truck/Spreader ID: .• 

Date: --------------~--~~---· Performed by: 

·fatfYcan;~s!st1?1<~f~~i~~i: I I 
~0H~~~~~~~~~~~~~~~~ 

1" 

1.5'' 

2" 

2.5" 

3" 

EX 14 
S.28x 14w 

73.92 
87 92 93 

{87 +92+93)H~ 
90.67 

12 ><90.67+ 
73.92~~ 

6>t90.67'i' 

73.92w~ 
4:<•90.67+ 

73.92~~ 
3 X 90.67? 
ng:zwrn 

2.4" 90.67+ 
73.92"~ 

2 X :9{),67 ·} 

73.92•~ 

Calculation Instructions: Multiply the spread width from column W by 5.28 and record the answer in column A.~ for each gate setting, add • Rtjn'i., iRun_2, and 
Run 3' together. Divide the result by 3 and record in column B. to get the average discharge rate. To find the pounds of material discharge per 1000 
square feet, you must know the number of minutes it takes to travel one mile at every truck speed you intend to calibrate for. These numbers are 
designated as variable NC". The ·c· value for each travel speed is shown in red under that given speed. Multiply column :B by the "Cn value for that 
speed and divide by the k column to find the number of pounds of material discharged per 1000 square feet for the given speed. Record these numbers 
in the 0 columns. The full equation is shown here: 

B :<C 
O;;;r -A-
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29 Hazen Drive, Concord, New Harnpshire 03301 • (603! 271-3503 • www.des.nh.gov 

WD-DWGB-22-8 2010 

Holding Tanks for Floor Drains 

Holding tanks that receive wastewater from floor drains in areas where regulated contaminants 1 are used 
or stored or that will receive non-domestic, non-hazardous wastewater must be registered with the Water 
Division of DES under Ne\v Hampshire Administrative Rules Env-Wq 402.35, "Holding Tank 
Registration for Discharges of Non-domestic, Non-hazardous Wastewater." 

"'lJat Are DES's Requirements for Holding Tanks? 
• The minimum holding tank capacity must be 1,000 gallons. 
• Holding tanks and piping must be watertight and sealed with materials compatible with the liquid 

or sludge being stored. 
• Access must be provided to each compatiment of the tank for lll'>pection and cleaning by means of 

either a removable cover or manhole (minimum diameter 20 it1ches). Manholes must extend to 
fmished grade. 

• The tank must be designed for the expected maxitmun structural load and ballast must be provided 
when necessary to prevent stmctural dan1age when the tank is emptied. 

• TI1e volmne between inlet cover and the maxinmm water depth must be equal to approxin1ately 20 
percent of the liquid volume stored belO\V the ma.xitnum water depth. An alarn1 with both visual 
and audio signals must be activated once the \Vater level reaches the maxituum water depth. 

• The holding tank must be registered with DES. Use the fonn at 
http://des.nh.gov/organizationldivisions/water/dwgb/dwspp/gw dischan~:efdocuments.:1wldreg.pdf 

• Records of pmnpmg events shall be kept and made available for review if requested by DES. 

For Additional Information 
For additional it1fonnation, please contact the Drinking Water and Groundwater Bureau at (603) 271-
2513 or dwQbillfo@des.nll.Q:OV or visit \HVW.des.nh.gov, click on A-Z List and choose Groundwater 
Discharges. The "Holding Tank Registration Fonu" can also be found here. All of the bureau's fact sheets 
are online at http://des.nh.gov/organization/commissioner/pip/factsheets/index.htm. 

Note: Tins fuel sheet is accurate as of Jm1e 2010. Stan1t01y O£ cegulatory changes or the m·ailability of additional 
infonnarion aftec t!u~ date lllilY render tins info11t1.1rion inaccurate or incomplete. 

1 \'\'1tat is a Regulated Contaminant? State law defines a cegulated contaminant as '·any physical, chemical, 
biological, radiological substance or other matter, othe£ thannaturnlly occurring substances at 11.1ntrally occturing 
levels, in water which ad\·ersely affects human health oc the env1ro!llllent." Consult the Material Safety Data Sheets 
(M:SDSs) for the products you use; see the disposal infonnation in the "Spills or Leaks" section of each MSDS. 

Appendix D: NHDES Fact Sheet on Holding Tanks for Floor Drains 
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A Prca 
Anti-Icing before a storm is very similar to 
using a non-stick spray on a pan before 
cooking. Jus! like a non-stick spray prevents 
food from bonding to the pan, anti-icing pre
vents snow and lee from bonding to the 
pavement so that it can be plowed away. 
Anti-icing can save you rnoney as it costs 
50% less than reactive deicing. 

How Mu 
en? 

Should l Use and 

ke Your Own Salt Brine 
When making brine it is important to add 
enough salt to produce a 23..3% solution 
which freezes around O"F. Roughly 2.5!b per 
gallon of water will produce a 23.3% sD!ution. 
You can verif'{ using a salometer (-$20") a 
23.3% solution will have a specific gravity of 
1.176, or 85% salinity. Consultthe Brine Mak
ing BMP sheet for more info. 

You can apply brlne up to 24 hours in advance 
of the storm. Typical application rates range 
from 0.5 to 0.75 gallon per 1000 sq.ft. {10' x 100' 
area). Other chemicals such as magnesium are 
also avail3ble-consult your supplier for applica
tion rates. ll.nti-icing is not advised prior to freez
ing rain events. 

Try making your own salt brine by pulling 13 lb of 
salt in 5 gallons of water to get a 23.3% salt bline 
solution. Mix the brine until all of the san is dis
solved. Using a masonry sprayer apply the liquid 
several hours before a stom1. Start by applying 
about 0.25-0.5 gallons to a 10' x 50' area. Adjust 
the application rates based on your experience. 
Being careful not to over apply and cause a slip
pery condition. 

J....!l!ilf"lll~·· ... 
Technology Transfe-r Center 
New Hilmpshlte t1AP ll! UMI 
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How Do We elt ? 
Ice can be melted by increasing the temperature, 
or lowering the freezing point of the water- It's not 
cost effective to use heat to melt ice en our roads 
so we use chemicals to reduce the freezing 
point-anything that will dissolve ln water•.vill 
work, including: salt, sugar, even alcohol! 

Brine Makes it Happen 

Use Salt? 
Salt (Sodlum Chloride} is the cheapest and most 
readily available chemical that efficiently melts ice 
and can be easily applied to our roadways and park
ing lots. However salt does corrode our cars and 
bridges, contaminates drinking water and pollutes our 
streams. Alternatives include potassium acetate, and 
calcium magnesium acetate (CMA),- all of which 
are considerably more expensive than calcium chlo-
ride, and have their own environmental concerns. 

The first step in melting ice fs the formation of a 
brine. Salt crystals pull water molecules out of 
ice formation which creates a brine with a lower 
freeze point Once the brine is formed melting is 
greatly accelerated. Save time and by 
pnH'letting your salt with a brine before it hits 
the pavement to jump start melting! See the Pre
Wetting fact sheet for more information. 

So~rce: Vils.consirr DOT Transportation BuHeHn ?=::2.2 

Save $ and the 
In New Hampshire there are over 40,watersheds cur
rently contaminated from road salt As the pavement 
temperature drops more salt is required. As the pave
ment temperature rises less salt is required. Save mon
ey and the environment by using only what is needed to 
do the job. See NH application rate charts for recom
mended rates. 

Ttchnology Transfer Center 
New Hampsllitc t!AP ni UNi1 
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29 Hazen Drive, Concord, New Hampshire 03301 • · (603) 271-3503 .. www.des.nh.gov 

\v'D-WMB-4 2011 

Road Salt and \\Tater Quality 

The amOlUlt of snowfall inN ew Hampshire and the necessity of overland travel require v•inter 
snow and ice management by the state, the municipalities, and the private sector. Deicing 
materials are often used in order to keep the public safe during these winter weather events. The 
most commonly used de-icing chemical is sodium chl01ide (NaCl) also kllO\VB more commonly 
as road salt Road salt is relatively inexpensive \Vith an average cost of $50 - $60 per ton. Road 
Salt is readily available and easy to handle. store, and spread. Its purpose is to reduce the 
adherence of snow and ice to the pavement preventing the fonnation of hard pack. Once hard 
pack fonns, it is difticult to remove by plowing alone. 

In the United States fi:om 2005-2009 an average of 23 million tons of salt were applied to our 
roads, parking lots, sidev,ralks and drive\vays each year. 1 Studies have shovm that in urbanized 
areas, about 95 percent of the chloride inputs to a watershed are from road and parking lot 
deicing. In fom impaired watersheds in the southem I-93 con·idor of New Hampshire, road salt 
somces were 10-15 percent from state roads, 30-35 percent from municipal roads, and 45-50 
percent fi·om private roads and parking lots. 

How Salt \Vorks Pounds of Ice Melted per Pound of Salt 

The first step in melting ice is to lo,ver its 
fi·eezing point. This is done through the 50 

fonnation of brine \\'here salt crystals pull 40 

water molecules out of ice formation. 
Once the brine is fanned. melting is 
greatly accelerated. The rate at which 

30 

20 

melting occurs is dependent on the 1 o 
temperature. Sodium chlodcle loses its 0 
effectiveness (has difficulty going into 30 25 20 15 10 5 

solution) when temperatures fall below Temperature 

0 -6 

15° F. Applications below this Graph obtained from The Salt institute FY03 Snow & Ice Fact#20 

temperature, even at high rates. \\'ill not result in signitlcant snow or ice melting; therefore, it is 
critical to kn0\11' the clment and expected temperature range of the winter weather event. 

\Vbat Happens to Salt in the Environment 
The applied salt dissolves into 40 percent sodium ions (Na+) and 60 percent chlmide ions (Cl-) 
in the melting snow and ice and make their \vay into om environment. 

1 U.S. Geological Survey, lvfi:neral Commodity Summaries, January 2010 
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Clrloride(Cl-}: Ch101ide is highly soluble, very mobile, and irs density allows for it to settle to 
the bottom of a waterbody. Chlmide is toxic to aquatic life at levels above 230 mg/1. \Vhich is the 
state \Vater quality standard. There is no natural process by \Vhich chlorides are broken do\vn. 
metabolized or taken up by vegetation. In 2008. Ne\V Hampshire listecl19 \Vater bodies impaired 
by chlmide: in 2010 that munber increased to 40. Trends show that chloride levels continue to 
1ise \Vitll increasing use of road salt. Although chloride does not pose a lnunan health concem. it 
can affect the taste of cllinking water. 

Sodium (iVa+): The transport of sodimn in the emironment is not as prominent as chloride due 
to ion exchange; hm\'ever, this exchange can alter the soil chemistry by replacing and releasing 
nutrients such as calcium, magnesimn and potassimu into the grounchvater and surface water. 
Tltis can lead to increased nmdent concentrations and affect the ability of the \Vater to buffer acid 
deposition impacting the aquatic environment. Contamination of soditml in drinking water is a 
concem for individuals restdcted to low-soditml diets clue to hypertension (high blood pressure). 
The USEPA has set an adviso1y lintit for drinking water for public water systems at 20mg NaiL 
to assist doctors in making reconuuendations for those patients on a salt restricted diet. 

Road Salt Additives: Additives to road salt like fenocyanide. \:l.'hich is used as an anti-caking 
compmmd in large salt supplies, can have impacts on both the environment and lnunan health 
due to cyanide ions being released by certain types of bacteria as \Vell as from exposure to 
sunlight. The USEPA in 2003 added this compmmd to its list of toxic pollutants under section 
307(a) of the Clean Water Act. 

Road Salt Management Issues 

For many road managers and parking lot mainta:iners the winter maintenance goal is to obtain 
bare and chy pavements at the earliest practical time follmving cessation of a stonn for effective 
regular high speed travel and pedestrian safety. Traft1c, volume. speed and gradient are the 
ptilnmy factors in cletemtining the level oh\ilHer maintenance service for State anclnnmicipal 
roads. Pedestrian travel along \Vith slip and fall liability are the p1iolity for land o\vners and 
private sector operators. 

A road manager's duty entails awareness of the cm1·ent and expected weather events, 
temperatures. equipment capabilities, de-icing chentical inventories. application rates, chiving 
routes, as well as staffing availability for each \Vinter stom1 event. Expectations from the chiving 
public, property managers and customers along ·with balancing the environmental effects of de
icing chenticals makes the job of these managers challenging . 

. A.nother concem to road managers. property owners. and to citizens is the damage and cost to 
infrastmcmre and vehicles associated \:X.'ith road salt use. C01msion of concrete reinforcing rods 
in roads, b1idges, parking garages along with the cost of conosion protection practices for 
highways and the automobile industly cost a staggedng $16 billion-$19 billion a year. 2 Road salt 
altematives that help reduce the cost to infrastmcture andlintit the enviromnental impact are 
critical. 

2 Adapted from Report of the Salt Use Subcommittee to the Commission on the Envit-omnent on Road Salt Use and 
Recommenda.tiom City ofMa.dison. \Visconsin December 2006 
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Best :Management Practices 
FollO\:ving: best management practices and recommendations can help in effective and efficient 
use of de-icing materials while reducing the impact and preserving the quality of our freshwaters. 

Application of Road Sttlt 
• Plow, shovel, and blow the snovl'. Use mechanical means to remove snO\V. do not use salt or 

other de-icing chemical to "bm11-off' snow and ice. 

• Calibrate your equipment. Knowing your equipment is calibrated and the application rate is 
accurate \Vill save chemical cost and will reduce the environmental impacts. Calibrate 
annually and keep a record in the vehicle for spreader settings. 

• Choose the right material and apply the cotTect amount. Know the limits of deicing: 
chemicals. Rock salt is not effective at temperatmes below l5°F no matter how much is 
applied. Check application rates given the ctm·ent \Veather conditions. 

• Use ground speed controls on yom spreader. Application rates should con-espond with 
vehicles speed. 

• Pre-wet the salt. Adding brine to salt before it is applied will jmnp start the melting process 
and help keep the salt in place by reducing bmmce and scatter. Pre-\vetting salt can reduce 
application rates by 20 percent. Ty})ical rates are 8-10 gallons of pre-wet liquid to 1 ton of 
salt. 

• For road applications place salt in a winch·ow near the centerline. Less salt is wasted and 
traffic v .. ·m help work the salt into brine and move it to the shoulder of the road. 

• Use anti-icing. Be proactive by applying de-icing chemical prior to snmv and ice 
accmnulation. It can reduce the amomlt of chemical needed by 30 percent. Know when to 
take action: time plowing operations to allow maximum melting by salt before snow is 
plowed off the road or parking: lot. 

• Don't mix salt and sand. Salt is for melting and sand is for traction on top of the ice, they 
work against each other. 

• Be familiar with sensitive areas. such as public '"'ater supplies, impaired waters and other 
\Vater sources. Consider designating reduced salt areas or identifying safe altematives to road 
salt in these areas. 

• Create a winter snow and ice control policy. Outlining ymu- levels of service. application 
rates. and plo,ving frequency and practices provide a reference for decision makers and staff. 

• Keep a winter stonnlog. Record stonu events, time. application rates, and other important 
infonuation descdbing maintenance activities and results. 

• Attend training workshops and stay np to date with ne\V technologies and practices. 

• For additional information on training. please refer to UNH Technology Transfer Center at 
http://v. "\HV. tl .tmh.edu/ 

Storage m1d Handling 
Salt. sand, and snow storage facilities have the potential to cause \\'ater pollution due to mnoff. 
For maximum environmental protection, all salt storage facilities and piles should be co,·ered 
and placed on an impe1vious smt:1ce with adequate drainage controls to prevent mnoff. This is 
also important for sand piles that may contain a small percentage of salt to prevent the pile from 
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freezing. Take care willie loading salt sand or chemicals and clean up any spills that occur. 
Snow piles should be kept away from water sources and belO\v areas where salt is stored. 
Vehicle \Vashing facilities should have proper drainage to avoid discharge into surt:1ce and 
ground waters. 

To obtain more infonnation. please see the follO\:ving DES fact sheets at: 
http:/ I des .nh. zov/ orzanizationl commissi onerlpi p/fa ctsheets 

• Snow Dumping \\TD-\Vl'vfB-3 
• Holding Tanks for Floor Drains WTI-D\VGB-22-8 
• \Vastewater Discharges from Vehicle \Vashing WD-DWGB-22-1 0 
• Storage and Management of Salt Deicing Mate1ials \\ID-D\VGB-22-30 

Alternatives to Road Salt 

Environmental impact should be considered when selecting any de-icing chemical or product. 
:tv1any of the road salt altematives have a relatively short history or limited amount of use. It is 
unclear \Vhat the potential long tenn impacts \Viii be for many of these chemicals. Ongoing 
research. clara analysis. and docmnentation in scientific literatnre of non-conosive and 
environmentally friendly chemicals are necessary. 

Calcium Cllloride (CaCl)- is the second most common used chemicaL it is available in ilake, 
pellet or liquid. It is effective at lo\ver temperamres with a practical melting temperamre of 
-20°F. In liquid form it can be used to pre-wet salt or applied directly as an anti-icing technique 
which can help in preventing snow and ice from bonding to the pavement and reduce the 
application amount needed. Several disadvantages to CaCl include a higher cost, environmental 
impact due to chloride, corrosive to metaL it can be difficult to handle and store. and can 
contribute to slippery conditions if applied inco1Tectly. 

Potassium cltloride (KCl)- is a naturally occm1·ing matelial (muriate of potash) that also is ttsed 
as fertilizer. It is available in liquid or c1ystal with a practical melting temperaniTe of 20°F. It can 
be damaging to concrete. has environmental impacts clue to chlolide and can inhibit plant growth 
and bum foliage. 

2'lfagnesium Ch!Mide (1\fgCl)- is available in liquid or c1ystal fonn that melts faster than rock 
salt; it has a practical melting temperature of 5°F. MgCl attracts moisture and can lead to 
slippe1y conditions if applied inco11'ectly. It is conosive and contdbutes to the chloride load in 
our waters. 

Urea- is used primarily as fertilizer \Vith a practical melting temperature of 25°F. It releases 
nitrogen into the soil and can lead to a chemical imbalance in water systems due to nutrient 
loading. Urea is conosive and breaks down rapidly into ammonia, which is released into the 
enviromnent. 

Potassium Acetate (ICA.)- has a practical melting temperature of -l5°F and is biodegradable and 
non-corrosive. It can cause slick road conditions if applied in excess and can lower oxygen levels 
in the waterbody. This is a commonly used deicer in the airline industry and is relatively non 
cmTosive. 
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Calcium 1lfngnesium Acetate (C.l'L4)- is made from limestone and acetic acid. Its lmvest 
practical melt temperatme is 20°F. It is less damaging to soils and vegetation, less colTosive to 
concrete and steel. less toxic to aquatic organisms, and has limited impact on ground water in 
comparison to road salt. It is much more expensive than road salt but a full cost analysis may 
show that is it an economically viable choice given its benefits. It is cunently being used in 
enviromnentallv sensitive areas and on brid:2.es prone to salt conosion. . ~ 

Agricultural by-products- are mostly proprietary to the manufacturer and can be dedved from 
sources such as com. beet. grain, alcohoL or molasses. These products are not good at melting 
snow and ice: ho\vever. they do slow down the fonnation of ice ctystals by having a lo,;v·e.r 
freezing point. They are less cmmsive than conventional materials and in many cases act as 
tackitlers to keep product on the road smface. These attributes make the product good for anti
icing and pre-treating salt. They do have environmental impacts in aquatic systenl'> due to their 
organic nanu·e and can lead to biological oxygen demand, heavy metals, and nutrient enrichment 
by nitrogen and phosphoms in our \Vaters. 

For Adclitional Information 
For more road salt and \\'ater quality infonnation, visit the DES New Hampshire Road Salt 
Reduction Initiative \Vebsite at http://des.nh.!Zov/or!Zanization/divisions/\:vater/wmb/\\·as/salt
reduction-initiative/index.htm or contact the DES \\Tatershed Assistance Section at ( 603) 2 71-
7889 or \Vatershecl@des.nh.!Zov. 

For infom1ation on road salt and drinking water, see fact sheet ''DWGB-3-17 Sodium and 
Chloride in Drinking \Vater" at 
lmp://des.nh. gov/or!Zanizationicommissionerlpip/factsheets/chn:b/documents/clw!Zb-3-17 .pdf. or 
contact the Drinking \Vater and Gr01.md \Vater Bureau at (603) 271-2513. 

Note: This fact sheet is accw·ate as of December 2010. Statutory or regulatory changes or the availability of 
additional infonnation after this date may render this information inaccurate or incomplete. 
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? 
Brine making is a fairly simple process-the 
ordy ingredients are salt and water, and the 
only equipment you'll need is an open top 
mixing tank, a holding tank, a small pump, 
and a salimeter. 

Step ·1: II Mi ng Tank 
Add about 2.5 lb of salt per gallon 

of water you plan to add. Make sure your mix
ing tank has a large opening to make adding 
salt easy. 

p 

Images courtesy ofiowa DOT 

Slowly add water from the bot
tom of your brine mixing tank. This will allow it 
to percolate up through the salt and overflow 
into the holding tank. 

Concentration 
Float a hydrometer or saltmeter directly in 
your holding tank and read the value at the 
surface of the water. The number should be 
either 85% or i .176 depending on the units of 
your device. 

lfthe values are too low, pump some brine 
from your holding tank back into the mixing 
tank and allow it to overtlmv. If values are too 
high simply add some fresh w-ater 

- 79-

Qua Co & Docume on 
Make sure that you record the date when you create 
each batch of brine and document who mixed it and 
checked the concentration. !tis also a good idea to 
note the final concentration. These records should 
be kept for at least t>.vo years to protect your group in 
the event of litigation. 

"-

Technology Transfer Center 
New llampshire HAP ill. UNH 

5110/2011 



Pre-wetting Liquids 
You have a few options for pre-v;etting liquids. 
The most commonly used is a 23% sodium chlo
ride brine solution. Calcium chloride at 32% solu
tion is also used, as 'Nell as Magic Minus Zero w 

and other patented products. 

the 
This is the easiest and most cost effective way 
to get started in pre-wetting. The first step Is to 
spread your salt pl!e on a flat, impem1eabie 
surtace. Next, spray the saiL while it is spread 
out, and mlx it around to ensure adequate and 
consistent liquid coverage. After the salt is suf
ficiently covered, re-stack the salt in your stor
age shed for later use. 

Wet the pile! There are two ways to pre
wet your de-icing chemicals. The easiest 
way to get started with pre-wetting is to 
spread your salt pile, spray it with pre
wetting liquid, mix it around, and re-pi!e it 
More advanced truck mounted pre-wet 
systems can be installed on your trucks if 
you decide to make the investment 

ck Mounted S}IStems 
These systems are mounted in the truck f}ed 
and coat the de-leer with liquid as it comes 
off the conveyor/auger onto the spinner. 
These systems have the benefit of applying 
liquid only to the matelial you use as you 
use it However, these systems must be in
stalled on every truck that will be used to 
spread pre-wetted mateliaL 

Technology Transfer Center 
New Hampsrrlre ITA? at UNH 
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\'I;'D-D\VGB-22-30 2010 

Storage and 1V1anagement of Salt Deicing Materials 

Storage and managemem: of deicing material can be a source of contamin.n.tion of sur£.'1ce '''ater 
and groundwater, causing a vioh1tion of state ·water quality standards. These salt-based products 
dissolve m precipitation and either infiltrate though the ground strrface to groundwater, or nm off 
into surfuce water. Salt that infiltrates the sub:;·urfuce at significant cor.>eentrations can also react 
1.\>i.th the soils and release metals into grotmdwater and surface water at concentrations that e."<ceed 
water qualily standards. 

The ten:n "deicing material" used here refers to deicing salts, and may include any of the following 
in either solid or liquid form: sodimn chloride (often called rock salt), potassium chloride~ cakium 
chloride, magnesium chloride:, and other mixtures that comain. ~:>al!:s (chlorides) induding mi"<tures 
with abrasives, S1Kh as sand, .cinder, slag, etc. 

Need for Proper lbnagement 

Due to their high potential for causing grotmdwater and surface water poh'utio.n, salt storage 
facilities should not be placed m environmentally sensitive areas. Th-e best strategy to preven~ 
pollution from deicing materials and the associated liability is to use and stor.e these materials 
responsibly. Facilities should develop good housekeeping practices to ll1inimlze loss and \vaste 
during the delivery, storage, loading and management of deicing materials. 

Existing and new facilities that operate t\ithout impenneable surfaces and infiltrate brine to the 
grmmd or ground1.•;ater need to register with DES 1.mder the Grotmdwater Discharge Pennit and 
Registtation Rule-s, Env-Wq 402. This is a free registration and is a method ofttacl:ing potential 
contaminant sources. If there are sensitive receptors nearby, some sites may be require.d to 
monitor drinking '''ater we.lls and! or the gro1.mdwater. The registration form cau be found at: 
httv:Hdes.nh.E"ov/orZ'tnizationldivisiomiwater/d\VS!:bldwsoplbl.npsfdoclunents/fioor drain formpdf. 

Best m.'Ulagement practice,~ ('B1v!Ps) for locating a :new deicing materials storage facility should 
include the foUov.ing: 

• 

• 
• 

The facility should ~ located in an are~ &.at is not em;olronmentally sensitive. Avoid areas 
·where there are wells, reservoirs, or witilln the footprint ofsrratffi.ed-drift aquifers. 
The facilm• should ~ located on a fiat site awa.v from surface water and \Vetlamk 
Site drain..;ge mould be designed to direct deaD: stOIDl'J.>;ater aJ.vay from the operations and 
storage areaG in order to keep the stockpiles as d."}' as possibl~. 
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• Drainage ili<'lt is contaminated with salt should be cfuected to a sewage treatment plant 
{subject to municipal appro·val), collected for use in pre-1.\'ett:ing: activities or sent for 
proper disposaL 

Structures and Work At·eas 

Ideally deicing material storage facilities should be completely enclosed, with storage and '\Vorking 
areas on impervious surfaces such as asphalt or coated concrete. Tnere should be stornnvater 
drainage controls to prevent ru:noff\vater and soow l.llf'lt from contacti!>.g or nmning through 
loading and material storage areas. Overhead cover to protect material from exposure to sno\V 
and ram should be :installed to minimize nmoff and inventory Joss. A fi."':ed roof is preferred over a 
trop, because it is very difficult to keep !Jtorage piles completeiy covered with trops during winter 
months and storm events. 

Buildings should l1ave concrete fotul.datiom and can. be designed using dome, bam, or fabric sty1e 
stmd:ures. For more infonmtion on constructing salt storage tmits, cakulating ho,,_. much space is 
needed for storage, and salting practices, see the Salt Institute's publications at 
htro:/l'i\'1\"\V.saltinstitute.orE/. 11u; Salt .Storage Handbook contains tables that md!icate how much 
space is required to cover different h'€ight pi.ies, and provides surtace areas of e>.."Posed salt piles, 
to help in calculating number and size oft<rrps for temporarily co-vering salt piles. 

The followi.11g BlviPs sho1.ud be conside.red when storing and m.111aging deicring materials. 

Storage Stmctures 
• .o\1! salt and sandfsalt mixtures should be stored ou pads ofimpelll:leable asphalt or 

concrete. Storage and loading area.s should have an impermeable floor constructed of 
asphalt, concrete or other suitable material that extends aromu!. the bnildings and work 
area exterior. The are.a should be sloped away to prevent storm\l,~ater from entering the 
loading areas or structure. 

• C;oncrete pads and walls should be tre.ated to prevent concrete deterioration (spalling). 
• Stmcture hardware should be galvm;;i,.ed and concrete block buildings should be 

waterproofed :inside. 
• If using a three-sided building, the e:1!..-posed salt at the open end should be covered. 
• Stomr.vater and sno\''melt runoff should be properly controlled. Building floors and 

storage pads should be sloped to prer.'ent pending and allow any water to drain away 
from the storage piles. 

On-Site l!a.nagement: Delinry/Haudling/Loading 
• .. o\1! saud and sand/salt mimrres temporarily out in the open shm.lkl. be cove.red to pre'i.;-ent 

salt from being 1.vashed or bknvn from the pile. 
• If a permanent under-roofworl: area is not possible, then storage and handling activities 

should be conducted on impermeable (bituminous) pads. ~o\ny deicing materials left 
outdoors shotud be completely covered with waterproof tarpaulins. 

• All surplus m.:1.terials :must be remo'l.:ed from the site \'ithen winter activity is :finished. 
• Working areas should be belll:led md sloped to allow snow melt and stormwater to drain 

away from the area. In some cases, it may be necessary to channel water to a collection 
point, such as a s1unp" holding tank, or lined basm for collection. 

• Storage and distribution should oruy be conducted during the fall/winter se.asov_ 
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• Spreaders should not be overloaded such that material spills off the velride. A plan for 
loading operations to pre\rent overiilling vehides m:l eliminating material spillage during 
transportation should be developed and implemented. 

• Salt spilled at the storage yard and loading areas should be collected and returned to the 
storage pile. 

• Annual inspection and repairs should be carried out prior to the start of each season. 
Ongoing in:;JJection of storage sm1ctures, work areas, and deicing liquid storage tanks 
should be carried out during the season. 

• Solid bagged materials should be stored securely, indoors ifpossfule. 
• Spreaders should only be washed at a location where the \Vash \\·ater is propedy managed. 

{See DES fact sl:Jlfet \VD-DWGB-22-10 Management ofVehide Wash Water.) 
• Liquid storage tanks should be designed such that a plumbing failure will not result :in 
rele~se of the contents .. Backfllmv prevention may be necessary on s-ome pltunbing 
applications. 

• Liquid storage tanks should be protected from impact from vehides moving about the 
yard and be located such that spilled material can be contained and retrieved in the event 
of a tank or piping £.1il:ure. Secondary containment should be provided around large liquid 
storage tanks. 

Brine Stor;~~ge and Management 

In recent years brine has been used on roads prior to storms as an effective ice preventative, 
reducing the amount of deicing materials needed during a storm event. The 1.vater that mns otT 
storage and loading areas can be collected into waterti:g)lt tanks or lined basin(s) and re-ur.ed in 
pre-storm 1.vetling of roads . • -\nj· brine storage should be designed 1vith inert materials that are 
compatible with salt. 

Brine stored using holding tanks must be managed so that there are no releases to drains, 
grotmdwater or surface waters. If there is a floor drain in a building w]l.>._re brine is stored, it must 
be coP..nected to a municipal se'\ver system (with the apprm.:al of the local authority), routed to a 
registered holding tank or pennanently sealed. (see fh.ct sheet 'i:I.'D-D\\!GB-22-8 Holding Tanks 
for Floor Drains) 

Storage ponds or collection basins used for brine storage must be lined and must not re.ceive 
runoff from areas other than the storage and operations areas. The ba;sin itself must be 
impermeable to prevent infiltration of the collected water into the grotmd. The basin may need a 
roof or c.over to reduce the acct1Il1lliation of snow and rain water. The collection oftllis nmoff 
water would only be necessary during the winter maintenance monilis {November through 
March). During the rema:inmg seven lllDnths of the year, the non-brine stormwater can be 
redirected from the brine storage to a natural discharge point. 

The preferred management option for any brine collected is for use as a pre-wetting agent for 
roads prior to ,;,rinter storms. The release of this collected ,,.·ater tc the ground, ground-water, or a 
sto:rmwater system dllliP.g operation or at season's end is not penniss.ible and as a consequence, 
this type ofnmoffmanagemeElt may require disposa.l of the brine by one ofthe following methods: 
(1) discharge directly to a publicly o-..,.-ned treatment works (POHv) with local appro-..~a~ (2) 
pumping and transporting the salt water to a POTW system by taP.k fu1ck; (3) evaporation; or (4) 
lreatment to remo>re salt and. on-site clisch.1rge tmder a Nonclomestic \\lastewater Registration. 
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For Additional Information 
For more info!lllil.tion, pieal3e contact the Drinking Water and Groundwater Bureau at (603) 2 71-
2513 or d\vEb:irLfoi'!i,des_Jlh_e-ov, or visit om \'iiebsite at 
hrtu:/ldes.rill..:zovfore:arrizationlclivisions/'\;.rater/dwe:b/mdex.htm. /<...ll of the bme<u{s fact sheets are 
online at http:!/des.uh.:zov/ore-an.izatimllcommission~r/piulfa.ctsheetslmve:b/index.htm. 

Referencfs: 
Sa!t Institute ('i.V'i.\l'\V.saltinstitute.or:f!) 
Michigan Department of Environmental Quality (';vw1v .michiE" an. g:ovldeq/} 

Salt and Brine Storage Guidance 
Gruide to Salt Storage Requirements for Small Commercial Snm.v Rem01..ral Sen~ces 

Em:1:rollllent Canada (http:/lv,"'iNl.V. ec. :zc .calnoppiroadsalt/eniindex. c:fin) 
Best Maua£eme:nt Practices for Salt Use on Pri\rate Roads. Parkin:!? Lots & Sidewalks 

f.o.•" ~' ,_,. 

SilviA (Sno1.v & Ice Z.kmageme:nt • .:\ssoc.) "i.lt"'\V\v.s:ima.ore-

Na~e,: Tlris :fun shtet is accmat~ as of J'U!l.e :w HI. Starutor;· or re;gul35ctzy ch:mges or thi! ::;·v:illability· of additional 
i.nfom:~arioo after tllis date m.~· rend~ this illfun:uaaon i:n:!ccma.tl? or :inccmplee_ 
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BLACK ICE 

Surface Temp. Surface Initial Dry Pre-Wetted Follow Up Action Follow Up Follow l!p Comments 
Rock Rock Rock Pre .. \\ • ct t~d 

Range C F) Condition Maintenance Sah Sal! Salt Rock Salt 

Action Lh, .. 1m. Lhs.!lm Lbvlm LbsJlm 

Above 32 Dry or Apply pre-welled None, see connncnts. ~,,fonitor p~ ve-m~nt tcmpennurc: clo~ly; hcgin 

Damp rock salt or dirccl treatment if pavement tl!'mperaturc starts to fi1H 

liquids 10 prevent 115 
toward 31 and it is at or hdow the den·· poini. 

!ormation. 
23 lo 32 Frost or Apply pre-wetted Re-apply pre-welted rock 1) ~hmitor pa\'cmcnt tcmpcr.nurcs doM!!y~ if 

Black Icc rock salt or direct salt as needed. pan.•mCTlt bcc(,mlcs wet or if thin ice !OrmJ.. re .. 

liquid: usc dry 275 225 115 90 
apply chemicals. 2) Do not apply direct 
liquids on icc :iO thick that t11c p:wcnwnt 

salt if pre-welled cannot h~ ~ecn. ~) Hcuo,·icr 11lllow up 
not available. applkatlon(s} may be ncc~~sr~ry. 

15 to 23 Frost or Apply pre-wetted Re-apply pre-wetted or dry I) Monitm pawmcnt temperature closely; if 

Black Icc rock salt; usc dry rock salt as needed pav~ment \h!comc;o. wet or if thin icc fonns n:-· 

rock salt if pre- 360 275 I 15 90 
apply ch..:mi~ah. 2) Do U(lt app1y direct 
liquids on icc so thick that the pan~ment can 

wetted not lh.)1 bt:- s1!cn. 3) llc~rvit:r follow up 
1 

available. applications{s.) may he necessary. 

Below 15 Frost or Apply abrasives Apply abrasives 1) RdCr to Snow amJ Jc.·l! Guidelines- Sectioll 

Black Icc 5.4406. paragraph B. tOr ahr.1sive application 
rates. 

l..........-

!':otcs: I) Black icc or fi·ost is normally a spot condilion- these application rates would be applied to areas susceptible to the tom1alion of black icc or areas where black icc has 
developed. Watch for freezing surface temperatures below dew point with sources of vapor, clear night skies and light winds. 2) Refer to direct liquid chemical 
applicalion guide Jines (Appendix C Page C- I 0) if anti-icing liquids arc used. 
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SLEET 

______ , 
Surface Temp. Smfacc Initial I Dry 

Prc.\\"cttcd Follow Up Action Follow Up Follow Up Comments 
Range(" F) Condition Maintenance 

Rod: Rock R<>ck Prl!'• \Vetted 
Salt Snit Salt Rock Sal! 

Action I LhsJ1m, l.hs.i!m Lbs.'lm l.hdm 

Above 32 Dry Patrol and spot 

I 
Patrol and spot treat as 1) ~fonitor p::w~mcnt to:mpcr.Jturcs do:o~ciy and 

treat as needed. needed. Sec comments. antidpute dmpi! t(n\'ard 32 F :md bdow. 2) 

Sec comments. 
Tri!nt icy patdt~~ with pre~wett\!d rock :::.a1t ut 
ll5lhs.r!m. 

Above 32 Snow, Apply pre-welled Re-apply pre-wetted or dry 1) ~ft.,nitor pavement tcmpcruturcs. do~dy and 

slush, or or dry rock salt, 115 90 rock salt as needed. 115 90 antidpat~ drops toward 3:!L 2) Treat icy 

wet. plow if plowable. 
pa.tdtcs ami C\"11dcr area'\> with high~r 

I uppiicatimliL 3) tncn.-asl' r-Jtcs. if precipitation 
I int.:nsitv in~,.,-case!-., 

Above 32, but Snow. ApJ>ly pre-wetted Re-apply pre-welled or dry l) Monitor p:wcmcnt tcmpcr:uurl.!-s nnd 

dropping to 32 or slush, or or dry rock salt, ISO I 15 rock sa It as needed. ISO I 15 prcdpitmicnl closely. 2) Treat icy putchcs and 

below soon. wet. plow if plowable. 
.C1.~ldcr area,:; '""·ith high~r app,lknthm rates. ~) 
lncrca~c apr1lic::1tion ratt:s. ifpr('cipitation 
intcnsitv increases. 

23 to ~2 Snow, Apply pre-wetted Re-apply pre-wetted or dry l) 11onitor pavement temperature!' and 

slush, or or dry rock salt, 225 ISO rock salt as needed. 225 180 pr~cipitatioa clo"Sdy. 2) Treat icy patches. and 

wet. plow if plowable. 
colder an:as with higltct application rate-!'. 3) 
Im.·rca!l-1.! ap1>licntion nth.'S ifprecipilntion 
intcnsitv incn:nsc~. 

15to 23 Snow, ApJ>ly pre-wetted Re-apply pre-wetted or dry 1) ~fonitor pa,·crncnt tc:npcraturc~ and 

slush. or or dry rock salt, 275 225 rock sal! as needed. 275 225 prccipit~ti\111 close-ly. 2) Treat icy patch!!!'O and 

wet. plow if plowable. 
cold~:r are--..ts \\'ith higher :1pplication r.Jh.'!!.. J) 
hu..··r~a~c application mtcs ifpr-ccipitalion I inuns1ty in~,"TI!a~cs. 

Below 15 Any Apply abrasives. l Re-apply abrasives. 1) Rcter to Sn(H\' ami lee Guiddine:;;. So!ction 

condition. 5.4406 (B) for abmsivc applic~tiun rates. 

~otcs: I) Sleet that creates accumulating icc will require more aggressive treatment. 
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r-Surfacc TcmP.TStidacc . ' Initial I Dryk 
R ("F) JC d'. 'I. Ro.:· angc · on ltlon '"' amtcnancc s,h 

Action Lhl 
Abovc32 I Wct.-sl,..u'""sl-l-+.Z:P::.;at:..:ro·l and spot ~ 

Above 32. but 
dropping to 32 or 
below soon. 

Above 32. but 
dropping to 32 or 
below soon. 

2310 32 

or light treat as needed. 
snow Sec comments. 
covered. 
Dry I Apply pre-wetted 

rock salt or dirccl 

!
liquids. Patrol 
and spot treat as 

1 needed. Sec 
I comments. 

W ct. slush. Apply pre-wetted 
or light or dry rock salt. 
snow 
covered. 
Dry 

plow as needed. 

1 Apply prc-wcncd 

I 
rock salt or direct 
liquids. 

' 

225 

23 to 32 I Wet. slush I Apply pre-wetted 
or light or dry rock salt. 225 
snow ' plow as needed. 

covcrc~~ --iSto~--1 Wet, slush Apply prc-weucd 
or light rock salt, plow as 275 
snow !needed. 
covered. 

Below 15 I Dry or light I Plow as needed. I 
snow 
covered. 

LIGHT SNOW 

hlllnwUp 
Ro·ck 
Sd! 
Lh:>Atn 

I:ollow Vjl 

Jlt·c- \\"cn~J 

R<li'k.S:llt 
f.b!t-.·'101 

Comments i1~s~:l1<d fl Follow up Action 

---- P~-tro! ancfSi>ot treat a·-s--+-----!------J.-,l,...l..,.~"lo-n-itQ_/_1'-,-~e-,m-·-n·-, t~m~l.:m't:n·c tOr (~-f 

I 
needed. Sec comments. tuwutd -~ .... L .} Bla1<t bol:ued 1cy pat.chcll wttn 

:I::Jh. trcllt :-.Ju~hy ari!a:< b.:ghming: 1\'!. fn."Cr.¢ with 
2.::5 dry:l80 pr.:::~wer, UHdnt am.J p1ow u 
ncct.kd 

I 

Patrol nnd spot treat as I I j i)Moniiorp;1vo:mcm tcm1""--n:H11r..::mJ 
I 80 l needed. Sec comments. pr~dpitatior~ am.t usc ~h:ct ::tpph)priut~ fo.1lltt\V 

up ns. com.htwmt ch:1ng~. 2) l(d~r to Snow :~nd 
k~ Gulddines. for nppwpri:nc dir~cl 
npplic.atit:lrt of liquid ~nli·king dtl!mic;-ch, 

Plow and re-apply pre-
1 RO I welled or dry rock salt as 115 

nee-ded. 

Sec commcnls. 
!NO 

l Plow and re-apply pre-
ISO wetted or dry rock salt as I 115 

nc~-dcd. 

225 
Plow and re-apply pre- ·t· 

1 wetted rock salt as needed. 180 

I Plow as needed. 

'10 

I 90 

I 115 

1) App!i,aliWl will n.:.:d h) he f:H'll'~ Jh:Q~ 
lower !cmpa.l!un.~ ;.c1d high~!t' MWWl~ll mtc~. 
Z) i\tlju~t apphci\tioo rntc .. :tf. i'Uril.\c¢ 
(·Ntditk)n~ and prcdtlittHion inten!!itic:- ch;mg~. 

1} !\fonitor tla\'>!me-m temJh.'Tntur..: and 
prcdpit:nion and U'<C" :.-elc~t apf)roprbte f(,llow 
up us condi1ion'f dmnge, 2) Rd~r1(~ SniJW and 
f.cc GnideHn~t!l. for :tfil!"1'C.prbt.: Jir~ct 
appli-cminn of liquid anti·idng chemical~. 

l) Applica1i{11l will n...-~d h> he more fn:qucnt al 
h."''\\,·r t..-tnpc:rntun.~ and higher .'!oll(IW!itll m:~·s.. 
.!} AJ.iu5t :,1pplicmir•a rates a1- ...:uril1cc 
C<.'lh.fitivn!l. mKl predpit<lti(llJ im~:o~itic, dm:t~<:. 

l) tr \uffid">J:tt nwi,.,tun: i' pH.'\<.'fll:dty wck -
l':llt o~.·ao h-: rlpplieJ. Dry p~v.:tn<:ot ~H th.:O$.C 
tc·mpcnmtrC'- it tlcttcr 11."11 mHrent('d if ~<H<lW 
tl\~1'> twt track t(l ~l.1rfitc~.~. 

""'''" I) Rosh Period Traflic on high volume highways m<~y require more aggressive inilialJrcatmcnls. 2) Usc weather inlbnnation to anticipale changes in storm intensity, 
surface tcmpemtures and adaplthc storm treatment accordingly. Usc guidelines for moder:IICi1lea''Y snow during periods of heavier intensity .. 3) Reier to direct liquid 
chemical application guides lines (Appendix C. Page C- tO) ifan!i-icing liquids arc used. 
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MODERATE OR HEAVY SNOW 

Surface Temp. I Surtacc I initial Dr: l.'rc·\\'cucd !
1
' Follow Up Action Comments 

0 • • • R1)Ck Rock 
Range ( F) 1 Condltton Mamtcnancc salt salt 1 

Action Lhdm. l.h>Jlm I 
Abovc32 Wet. slush 

or light 
snow 
covered. 

Above 32, but I Dry 
dropping to 32 or 
below soon. 

Abovc32. but 
dropping to 3 2 or 
below soon. 

23 to 32 

~3 to32 

15 to 23 

Wet. slush. 
1 or light 

! 
snow 
covered. 

Dry 

Wet. slush 
or light 
SilO\\' 

covered. 

Wet. slush 
or light 
snow 
covered. 

Patrol and spot i I I Patrol and spot treat as 
treat as needed. I needed. Sec comments. 
Sec COlllJllents. 

Apply pre-wetted 
rock salt or direct 
liquids. Patrol 
and spot treat as 
needed. Sec 
comments. 
:\pply pre-wct1cd 
or dry rock salt, 
plow as needed. 

Apply pre-wetted 
rock salt or direct 
liquids. 

Apply pre-wetted 
or dry rock salt, 
plow as needed. 

Apply pre-wetted 
rock salt. plow as 
needed. 

ISO 

225 

225 180 

275 225 

Patrol and spot treat as 
needed. Sec comments. 

I 
Plow and re-apply pre
wetted or dry rock salt as 

!needed. 
I 
L Slushv Conditions 

Plow and re-apply pre
wetted rock salt :ts needed. 

Slushy Conditions 

Below 15 Dry or light I Plow as needed. !'low as needed. 
snow 
covered. 

225 ISO 

I 15 90 

275 225 

225 115 

1) :Moniior pa,·cm.::nt t.::mp;:r3IUN {(Jr dt\~fH• 
tO\\-anJ l:! f. 2} Bl:tl't i:>~)t:ncd icy p:ttchc:~o with 
~h. tn:·ut !r.)u!tthy :1n.~.!i~ heginning In fh:czJ.:- with 
.2~5 dry-'1 SO pre~ wet. lbl>)lm :md plow il~ nc ... "\1\'d. 

l) ~f~)niwr p:l\'~nt<.!m lcmp.:r~HtU'.:! and 
prcciphatina and u~..:- sl."h:ct :1ppropriat1! fnlk,w t:p 
as cP:H.!iti\1rJ'S chant:(:. 1} Refer t\_1 Snow uud h:e 
Guidelines tOr ~1pp;opziatc dir ... "Ct upplic;Hion of 
liquid a.n>i·icing ch\.·mi<als. 

1) If thmnrtl cyd>! tjmcs tan 1\\H h.!- matuw.inc:tl. the 
applkation rat..-s c-an he incrca~cJ to J:7Sdr:<!2.5 
pn:~wct. lh!!..'lm to :u:commnd;~tl.!' lonf'-'r cydcs, l) 
Rnll:'- rnay be r~,o•thtcct.l during period"' of light ~now 
hut U!II! full appilcaiion~ in mttidp~tirm (tfh..:-,;n)' 
intcnsitk!i.1f<1lling surtacl! temp'"-mturcs. 

1) :\1\mitor p~m:m.:nt tcmpcr.:.!turc- mtd 
prcdpitatit'll and us.~ ~d.:ct nprropriate foltl\W up 
as (;Onditions c:bungc. 2} R~f.:r ti) Snow nnd Icc 
Gui~le1inct: ibr appropti:ttc din:-ct nppltcmion of 
hquicl anti·kinR ch.:micab. 
1) If nonrull cydc times can TWt h.: mainlaine<;l, the 
applic~1tion rates can b.: in\."fCa~~d to 273dry/125 
pn:·WCt, lh1-.:lm tn aceNnmod.a!c !tmgcr cydc:... l.l 
Ra!cs: mny b-e rcdu~-.!d during, Jl-:fil~ls <1fligJ1t ~now 
but u<w Jilll applic•nionllo in anticitlation oflu•a\y 
intcn:.ities. 'f11i!iag !'Url::t~:c ltmp~ratures. 

1) Ifnonnal cych,\ times can nM 1~ muintaincJ. the 
application mtc~ t.:!ln he lncn:ascd lo 360dry"275 
prc~w~t. lb~.rlm to accommod~1tc long.:r ~ycks. 2) 
Ra!c~ may he r~uccd dtaing p~rioo~h ofligJH !'now 
but U$-C fbll.appli~:ttion~ in :mtidpalion ofhl.'~t'Y 
intt:n:'\hies. 
t} Ahra:.ivcs c~m h~ applt~..'tlto cnh:m~c tractH)n. a 
h ... ~~wy s~lt mix will '·TC:1tc t;lal"ini;. Rcfi:r tn Srk)W 
& t'"·c Guid..:linc:.; S.C.;;tion 5..4-106 \19 f()r <tlmt~ivc 
applkJtion rate-!>. Apply rock ~alt in anticipati~,.,n 
ofri1.ill!! tcntllCr .• nun::<.. 

~ot<s: 1) Rush Period Trame on high volume highways may require more aggressive initial treatments. 2) Increased cycle times will require heavier application rates. 
Anticip:lle changes in stonn intensity and surt:1cc temperatures and usc appropriate chart selection. 3) Refer to direct liquid chemical application guides lines (Appendix 
C, !'age C -10) if ami-icing liquids arc used. 
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c 3 

GLOSSARY OF TERMS 

Black Icc. Popular term for a very thin coating of clear, bubble tree, homogenous icc which 
forms on a pavcmcm with temperature at or slightly above 32" F when the temperature of the air 
in contact with the ground is below the freeze-point of water and small super cooled water 
droplets deposit on the surface and coalesce (flow together) be lore Ji·cczing. This often occurs 
when pavement temperature is 32" F or below and is at or below Dew Point. 

Chemical Spread Rate. Also known as chemical application rate. For solid applications it is 
simply the weight of the chemical applied per lane mile. For liquid applications it is in gallons 
per lane mile when applied straight and gallons per ton when used to pre-wet solid chemicals. 

Freezing Rain. Super cooled droplets of liquid precipitation falling on a surface whose 
temperature is below or slightly above fi·cczing, resulting in a hard, slick, generally thick coating 
of ice commonly called a glaze or clear icc. Non-super cooled mindrops falling on a surface 
whose temperature is well below n·eczing will also result in a glaze. 

Frost. Also called hoarfrost. Icc crystals in the form of scales, needles, leathers or f.1ns 
deposit.:d on the surfaces cooled by radiation or other process. TI1c deposits may be composed 
of drops of dew frozen after deposition and of icc formed directly from water vapor at a 
temperature below 32'' F (sublimation). l\·1ost often occurs when pavement temperature is 32" F 
or below and is at or below Dew Point. 

Light Snow. Snow falling at the rate of less than !/;: inch per hour: visibility is not nffcctcd 
adversely. 

Liquid Chemical. A chemical solution; with a specified perccntag.:: of chemical that is applied at 
the rate of gallons per !nne when applied straight and gallons per ton when used to pre-wet solid 
chemicals. 

Moderate or Heavy Snow. Snow falling a rate of Yz inch per hour or greater; visibility may be 
reduced. 

Sleet. A mixture of rain and snow which has been partially melted by falling through the 
atmosphere with a temperature slightly above fi·cczing. 

Slush. Accumulation of snow which lies on an impervious base and is saturated with water in 
excess of the lrecly drained capacity. It will not support any weight when stepped or driven on 
but will "squish" until the base support is reached. 

April, 2006 
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Appendix K : Application Rate Guidelines for Parking Lots: 

Surface Temp. Surface Dry Rock Salt 
Pre-wetted Follow Up Follow Up Pre-

Range ("F) Condition 
Initial ~laintennnce Action 

(lbJIOOO sq. ft.) 
Rock Salt Follow Ui> Action Rock Salt wetted Rock Salt Comments 

(lb./1000 sq. ft.) (lb/1000 sq.ft.) (lb./1 000 sq.ft.) 

Apply pre-wetted rock salt or Monitor pavement temperature closely; begin treatment if 
Above 32 Dry or damp direct liquids to prevent 1.82 None. see comments pavement temperature starts to fall toward 32° and is at or 

fom1ation below the dew point 

l) Monitor pavement temperature closely; if pavement 

Frost or black 
Apply pre-wetted rock salt or 

Re-apply pre-wetted 
becomes wet or if thin icc forms, reapply chemicals. 2) Do 

23 to 32 
icc 

direct liquids; use dry salt if pre- 4.34 3.55 
rock salt as needed 

1.82 1.42 not apply direct liquids on icc so thick that the pavement 
wetted unavailable cannot be seen. 3) Heavier fol1ow up applications may be 

1! necessary. 

-5 
" iS I) Monitor pavement temperature closely; if pavement 

Frost or black 
Apply pre-wetted rock salt; use 

Re-apply pre-wetted 
becomes wet or if thin ice forms, reapply chemicals. 2) Do 

15 to 23 
ice 

dry rock salt if pre-wetted 5.68 4.34 
rock salt as needed 

1.82 1.42 not apply direct liquids on icc so thick that the pavement 
unavailable cannot be seen. 3) Heavier follow up applications may be 

neccssatJ. 

<IS 
Frost or black 

Apply abrasives Apply abrasives 
1) Refer to Snow and Ice Guidelines Section 5.4406 (B) for 

icc abrasives application rates 

'· 
1) Bl11ck ice or frost is normally a spot condition- these application rates would be applied to areas susceptible to the formation of black ice areas where black ice has developed. \Vatch for freezing surface tempera hues 
below dew point with sources ofv 
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Surface Temp. Surface Dry Rock Salt 
Pre-wetted Follow Up Follow Up Pre-

Range (°F) Condition 
Initial I\'laintenance Action 

(lb./1000 sq .ft.) 
Rock Salt Follow U!> Action Rock Salt wetted Rock Salt Comments 

(lbJI 000 sq. ft.) (lb/1 000 sq. ft.) (lbJIOOO sq. ft.) 

Apply pre-wetted or dry rock salt, Monitor precipitation 
1) Monitor pavement closely and anticipate drop toward 32° 

Above 32 Wet or slushy 
plow if possible 

1.82 1.42 
and temperature_ F and below. 2) Adjust application rates as surface 

conditions and precipitation intensities change. 

Above 32, 
I) Monitor pavement temperatures and precipitation closely. 

dropping below Wet or slushy 
Apply pre-wetted or dry rock salt, 

2.84 1.82 
Re-apply pre-wetted or 

2.84 1.82 
2) Treat icy patches and colder areas with higher 

plow if possible dry rock salt as needed applications. 3) Increase applications if precipitation 
soon 

intensity in ceases or surface shows signs of icing. 

1) Monitor pavement temperatures and precipitation closely 

Apply pre-wetted or dry rock salt, Re-apply pre-wetted or 
and adjust application rates as surface conditions and 

23 to 32 Wet or slushy 
plow if possible 

4.34 3.55 
dry rock salt as needed 

4.34 3.55 precipitation intensities change. 2) Treat icy patches and 
colder areas with higher applications, 3) Increase 

applications if precipitation i 
c 

~ 1) Use application rate for "wet and slushyn when icing 
"" c Re-apply pre-wetted or condition is removed. 2) increase application rate if 
·~ 23 to 32 Icy Apply pre-wetted or dry rock salt 5.68 5.05 5.68 5.05 
e dry rock salt as needed precipitation intensity increases or if pavement shows signs 

"' or refreezing 

1) Monitor pa\·ement temperatures and precipitation closely 

Apply pre-wetted or dry rock salt, Re-apply pre-wetted or 
and adjust application rates as surface conditions and 

15 to 23 Wet or slushy 
plow if possible 

5.68 4.34 
dry rock salt as needed 

5.68 4.34 precipitation intensities change. 2) Treat icy patches and 
colder areas with higher applications. 3) Increase 

applications if precipitation i 

1) Use application rate for "wet and slushy'~ when icing 

15 to 23 ley Apply pre-wetted or dry rock salt 7.10 5.68 
Re-apply pre-wetted or 

7.10 5.68 
condition Is removed. 2) increase application rate if 

dry rock salt as needed precipitation intensity increases or if pavement shows signs 
or refreezing 

Below 15 Dry, wet, oricy Apply abrasives Re-apply abrasives 
I) Refer to Snow and Ice Guidelines Section 5.4406 (B) for 

abrasives application rates 

1) Freezing rain requires a timely and aggressive response to prevent ice formation; application rates should be increased if not effective or cycle times are increased due to difficult driving. 
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Surface Temp. Surface Dry Rock Salt 
Pre-wetted Follow Up Follow Up Pre-

Range (0 F) Condition 
Initial :Maintenance Action 

(lb./1000 sq .ft.) 
Rock Salt Follow Up Action Rock Salt wetted Rock Salt Comn1ents 

(lb./1000 sq. ft.) (lb/1 000 sq. ft.) (lb./1 000 sq.ft.) 

Patrol and spot treat as needed< Patrol and spot treat as 
I) Monitor pavement closely and anticipate drop toward 32° 

>32 Dry 
Sec comments. needed. Sec comments 

F and below. 2) Treat icy patches with pre-wetted rock salt 
at 3.64lb./lOOOsq.f\. 

1) Monitor pavement temperatures closely and anticipate 

>32 
Snow. slush. or Apply prc-werrcd or dry rock 

1.82 1.42 
Re-apply pre-wetted or 

1.82 1.42 
drops toward 32°F. 2) Treat icy patches and colder areas 

wet salt, plow if plowable dry rock salt as needed with higher applications. 3) Increase rates if precipitation 
intensity inccascs. 

Above 32. 
l) Monitor pavement temperatures and precipitation closely. 

dropping below 
Snow. slush, or Apply prc-werred or dry rock 

2.84 1.82 
Re-apply pre-wetted or 

2.84 1.82 
2) Treat icy patches and colder areas v.ith higher 

wet sal~ plow if plowable dry rock salt as needed applications. 3) Increase applications if precipitation soon 
intensity increases. t 

<ii I) Monitor pavement tempe-ratures and precipitation closely. 

23 to 32 
Snow, slush. or Apply pre-wcrred or dry rock 

3.55 2.84 
Re·apply pre· wetted or 

3.55 2.84 
2) Treat icy patches and colder areas with higher 

wet salt, plow if plowable dry rock salt as needed applications. 3) Increase applications if precipitation 
intensity increases. 

Snow, slush, or Apply pre-wcrrcd or dry rock Re-apply pre-wetted or 
1) Monitor pavement temperatures and precipitation closely_! 

15 to23 4.34 3.55 4.34 3.55 
2) Treat icy patches and colder areas with higher 

wet salt, plow if plowable dry rock salt as needed applications. 3) Increase applications lfprceipitation 
intensity increases. 

Below 15 Any condition Apply abrasives Re-apply abrasives 
I) Refer to Snow and Icc Guidelines Section 5.4406 (B) for 

abrasives application rates 

1) Sleet that creates accumulating ice will require more aggressh'c treatment 
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Surface Temp. Surface Dry Rock Salt 
Pre-wetted Follow Up Follow Up Pre-

Range ("F) Condition 
Initial ~faintenance Action 

(lbJJOOO >q .ft.) 
Rock Salt Follow Up Action Rock Snit wetted Rock Salt Comments 

(lb./1000 sq. ft.) (lb/1000 sq. fl.) (lbll 000 sq. fl.) 

\Vet, slush, or 
1) l\ionitor pavement temperature for drops toward 32°F. 2) 

Above 32 llghtsnow 
Patrol and spot treat as needed. Patrol and spot treat as Blast isolatcdicy patches with salt, treat slushy areas 

covered. 
See comments. needed. See comments beginning to freeze with 7.1 dry/S.68 pre-wet, lb./1 000 sq.ft. 

and plow as needed. 

Above 32, Apply pre~wetted rock salt or 
1) Monitor pavement temperature nnd precipitation and use 

dropping below Dry direct liquids. Patrol and spot 2.84 
Patrol and spot treat as select appropriate follow up as conditions change. 2) Refer 

soon treat as needed. Sec comments. 
needed. Sec comments to direct liquid guidelines for appropriate application of 

liquid anti¥icing chemicals. 

Above 32, Wet, slush, or Plow and re-apply pre~ 
l) Application will need to be more frequent at loY.'Cr 

~ dropping below light snow 
Apply prc·\llctted or dry rock salt, 

3.SS 2.84 'vetted or dry rock salt 1.82 1.42 
temperatures and higher snov.fall rates. 2) Adjust application: 

plow as needed rates as surface conditions and precipitation intensities 0 
~ 

"' .E 
"" ::l 

soon covered. as needed 
change. 

I) Monitor pavement temper.tture and precipitation and use 

23 to 32 Dry 
Apply pre-werted rock salt or 

2.84 See comments. 
select appropriate follow up as conditions change. 2) Refer 

direct liquids. to Section 5 (Step 3) for apropriate direct application of 
liquid anti~icing chemicals. 

Wet, slush, or Plow and re-apply pre-
l) Application will need to be more frequent at lower 

23 to 32 light snow 
Apply pre-werted or dry rock salt, 

3.55 2.84 wetted or dry rock salt 1.82 1.42 
temperatures and higher snowfoll rates. 2) Adjust application 

covered. 
plow as needed 

as needed 
rates as surface conditions and precipitation intensities 

change. 

Wet, slush, or 
Apply pre-wetted or dry rock salt, 

Plow and re--apply pre- 1) If sufficient moisture is present. dry rock salt can be 
IS to 23 light snow 

plow as needed 
4.34 3.S5 wetted rock salt as 2.84 1.82 applied. Dy pavement at these temperatures is better left 

covered. needed untreated if snow does not track to surface. 

Dry or light 
I) Abrasives can be applied to enhance traction, a heavy salt 

Below IS 
snow covered. 

Plow as needed. Plow as needed. mix will create glazing. Apply rock salt in anticipation of 
rising temcraturcs. 

1) Rush period traffic on high \'olume highways may rl'quire more aggressive initial treatments. 2) Use weather inrormRtion to anticipate changes in storm intensity, surface temperatures and adapt the storm treatment 
accordingly. Usc guidelines ror moderate 
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Surface Temp. Surface Dry Rock Salt 
Pre-wetted FollowU1> Follow Up Pre-

Range(°F) Condition 
Initial Maintenance Action 

(lbJl 000 sq .ft.) 
Rock SAlt Follow Up Action Rock Salt wetted Rock Salt Comments 

(lbJlOOO sq. ft.) (lbllOOO sq. ft.) (lbJIOOO sq. ft.) 

Wet, slush, or Patrol and spot treat as needed, Patrol and spot treat as 1) Monitor pavement temperature for drops toward 32°F. 2) 
light snow See comments. needed. See conm1ents Blast isolatcdicy patches with salt, treat slushy nreas 

Above 32 covered. beginning to freeze v,ith 7. I dry/5.68 pre-wet, lb./1 000 sq.ft. 
and plow as needed. 

Dry Apply prc~wcttcd rock salt or Patrol and spot treat as 1) Monitor pavement temperature and precipitation and usc 

Above 32, direct iiquids. Patrol and spot needed. See cornmcnts select appropriate follow up as conditions change_ 2) Refer 

dropping below treat as needed. Sec comments. 2.84 to direct liquid guidelines for appropriate application of 

soon liquid anti~icing chemicals. 

Wet, slush, or Apply pre-wetted or dry rock salt, Plow and re-apply pre- I) Application rates can be incrcosed to 8.68 dry/7.1 pre-wet, 

Above 32, light snow plow as needed wetted or dry rock salt if nonnal cycle times cannot be maintained. 2) Rates may be 

dropping below covered. 3.55 2.84 as needed (Slushy 3.55(1.82) 2.84(1.42) reduced during periods of light snow but use full 

soon conditions) applications in anticipation of heavy intensities/falling 
surface temperatures. 

Dry Apply pre-wetled rock salt or See comments. 1) Monitor pavement temperature and precipitation and usc 
d1rect liquids. select appropriate follow up as conditions change. 2) Refer 

23 to 32 2.84 to direct liquid guidelines for appropriate application of 
liquid anti~icing chemicals. 

\Vet, slush, or Apply pre-wetted or dry rock salt, Plow and re·apply pre- 1) Application rates can be increased to 8,68 dry/7. J pre-wet, 
light snow plow as needed wetted or dry rock salt if normal cycle times cannot be maintained. 2) Rates may be 

23 to 32 covered. 3.55 2.84 as needed (Slushy 3.55(1.82) 2.84(1.42) reduced during periods of light snow but usc full 
conditions) applications in anticipation of heavy intensities/falling 

surface temperatures. 

Wet, slush, or Apply pre-wetted rock salt, plow Plow and re-apply pre- l) Application rates can be increased to I 1.36 dry/8.68 pre-
light snow as needed. wetted or dry rock salt wet. if normal cycle times cannot be maintained. 2) Rates 

15 to 23 covered. 4.34 3.55 as needed (Slushy 434(3.55) 3.55(1.82) may be reduced during periods of light snow but use full 
conditions) applications in anticipation of heavy intensities/falling 

surface temperatures. 

Dry Of light Plow as needed. Plow as needed 1) Abrasives can be applied to enhance traction, a heavy salt 
!\now covered. mix will create glazing. 2.)1) Refer to Snow and Icc 

Below 15 Guidelines Section 5.4406 (B) for abrasives application 
rates3.)Apply rock snit in anticipation of rising temcratures. 

I) Rush period traffic on high volume highways may require more aggressive initial treatments. 2) Increased cycle times will require heavier apJ)Iication rates. Anticipate changes in storm intensity and surface 
temperatures and use appropriate chart select 
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\VD-DWGB-22.-10 

Wastewater Discharges from Vehicle \Vashing 

NeW HMI!"Ski!Ul.E 
mtr21Jt!M1tt<T m: 

nmental 
Services 

2010 

Water l.ISed m ~shing car~, tl-utb, ar,d othen:ehidQ may contain a n:ide range of cout:amimnt.:o -especial~· 
oil, other hydrocarbon;, metals, det~:rgeut.s, road .salt md grit. Dis~ed into ::;mfa.ce v.-aters, the~e 
coutam.inauts can d<Eg:rad~ v;ata- quality and hat= aquatic life. Di!:ch.arged into groundwater, they can m:ti~e it 
unfi.t t'br drin1:mg. T 0 av;:~id these pmb~=- and me ~ega! CODSequencQ tkit may l"e~nlt, me following 
guideline:; apply to iac.ilities where , .. ehides are v.--a::bed on a regular ba~l.S and the u=h v.-:tta- is rolle-~ted by a 
COU\'e}~<e rutt as a ~ catch basin, ditch <~r 5\>t--ale. * Ou-uer=; of a car wash or a comme:cial ~tab!i~bnent 
that offer-s -.."Eh.icle u.--ashmg have fo.m· opfiom far fuell· u-as.te-..v;:.fer discb;u-ge:.: 

L Op;..nte a clo5ed sy-stem with. w;:.steu<atenecycling (no<fuiclurge ohra~tewater) .. 
1. Discharge to a mmrici]?alsanitJly ~\\'8. 
3. Obtcin a groundwata-<fucba:rge pamit. 
4. \Vash fev.'Er fum 30 "1.:-ehides per week and di::;cha:rge to the ground smfac.e on{v. 

1. ClG~f'd System with No Di'lcharge 
This doe::; not require a p>JlJli,t; h..o'Pie-..-er, it may require a "Holding Tmk ~glstt4tion" i.f the treatment 
system kis a pit and oil tmk th.at is pumped out. 'I'h-i! v.<ater ;m.d sludge: that an: ptunped from the tank =r 
h-e coUected and disp<~o;ed of ;;t ;m appTO';ed di.o:posal facility, ie.., a >'t'":!5tev.-ater tre;:.tment plmt o:r hazardom 
wa:;te disposal fa . .::ility, depeu>~in;: oo the mture of the mateiial 

1. Discharge to .Municipal Sanitary Sewer 
CC'IllJ.ectious to :;~u:r municipal sanitJly sev.-a- Jl12 controlled by the local seu.w authority. Contact the lotal 
auth-ority regarding restJicr:i.oru. Some local s.eu'l!T aufh-oririe:s do not allow· COWJ..:cr:i.oo of floor drains, whi.\e 
ct..hers allow connection om)' with adequate pi"etreal:mest, e.g., an oil1gtit :oeparator, or otha- controb. If you 
co~m.:cr an e."'ri:;i:ing floor drain to a llJ'llni.cipal9!litary sewer. you still need to n<~rify DES. 

3. Obtain a Groundwater Discharge Permit 
You may discharge 'cehide v;ash "~.Vater dire..'"tly to the ground if both of th-e follovcing are tme: 

a. A gro~er <fucbarge permit is obtained in a.::cor~e with Env-Wq 402.11; and 
b. The wash 'k\'ater is treated to ambient grouudv,"ater quality standards iEm·-Or 600, Table 60D-l) 

ming b:st a"l.-;:.ilable t-eclmo!og(ty-pic.ally granu!ar activated CJlbon). 

" Tllia~e resi!Iictious do ltot apply to o:cmoa:!l ';-ehide v;:.;;hin!, such as at re.si.Je.:nces or occasioml t:'.'"alh >uch as :fuod .. 
r.1i.sing car wa;;hes:. For mort! ill!on:tlaricm oo community car wa.~ aild wara qu.ility ~e ncr sheet 'WD-1,\llv!B-14 
"CorremmityCar 1N~sand \llan:r Qu.~"'' at 
htt!:J ;,•; d.e; .. ch. zm·.·ml!:mizatiouicori!!lll:~;1anerlpipjfuct!ih,;.ecs.f'i\"llib idoam~i:nn: wrub-14 .pdf. 
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-t Yrash Fewer tban30 Yehides pH 'VeE>k 
If you n-'a:Sh fe'\ver fum 30 vehicles per v.-eek, you may be ableo to disdw·ge indirectly to groundwater v.i.thour 
ohtainmg a grclUD.dv.'ater m;ch..-;rge permit. Howe;."&, you need to follow Env-\Vq 40 l Best 1b.n.aganent 
Practice::; for Groun.dn"ater Protection to avoid conta.minarion of your •;,rash '"-ater \\i.th regulated substmcg. 
You also need to register your discharge and floor cirun, if ao.y. To a.>:oid na;.mg to obtain a grouumvater 
dis,cl:urge pamit, you mmt meet all of fue following conditions: 

a. B~t Mana.g~nt Practices for Ground'iN-atra- Protection are followed. 
b. The floor drain is. not in m area. 'li!.OOe regulated contaminml:s are wed or :sta-red. 
e. The v.'as.tev.'J.ter. 

• Is not from pmver washing, steam cle~g, engine cleaning or Wldercani.age 
deaniug. 

• Does not cOJJfaiu soaps or other products that cout:lin regulated 
contal:llinants. 

• Does not result ina surface water discharge. 
• Di.s.cl!.arg~ to the grmmd 5Ulface. 
• Contaim only a.ppt·mted detergents. 

• Leath to an oil-\'!tater s.ep;uator m· ofuer pretreatm«-nt ~thod prior to 
i.nii.l:llarion. 

• Is registered with DES :in accordimce ni.th E:mr.:\Va 40:233. 

Owners of faeilities with these discharges are responsih!e for ensuring that regulated co:oi.ll:ll.in.ants are :~:~r 
d:i:-er.urged and that grounch,-ater is $l.lltib1e for drinking 1.\'i.thout oaa'!ment. 

Surface Water Discharges 
In order to adequately protect the quality of sm-face V.'at& in New ff..ampshire, dll·ect disch.--rrge::; of '"'J.~telvater 
derived from car '1.\'a:Sh:ing mto ::url'ace v.-ater is prohibited. For more info=rion abO'Il:t pemitti.ng of 
dis-clurg~ to su..>fa.ce water, contact the DES Waste't\'J.ter Eng:in>:€1-i.ng Bm-eau at (603) 271-3908. 

For Additional Infonuation 
For more infol.'lmrio-n about groundwater disch..~ges, boldine: tank regl_o.trarion, floor drain regishations, md 
nue:::., p!ease 1.:izit the DES Drinking Water Soorce Protection wabpage at 
http://de:;.nh .. e:orforer<Dization/divisio-I:SI\\'J.terfchv.:::bidwspt~iin-de;;;_htm, or call (603) 171-2858. 

for additional infol.'lmtion, p!eas.: contact th~ Dr:inkiu;g Water and G!oundn'J.ter B-u:reau at (61)3) 271-2513 or 
dwE;biufo<i"ld6.nh.e:o\', or 1.:izit http:fldes.nb.. eovi a.~niz.1tionfdivisiomlnratar/ dwa:biindex.htm. All of ilie 
bureau's fact sheets are on-line at 
http:/ldes.nh.:::ov/orsniza.honlcol1lllli.'i.siot:eriDipi'ilct~heets.Jdweb/index.htm. 
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