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ABSTRACT.  A study on the extent of algae to Nineteenmile Brook was developed by the 
Tuftonboro Conservation Commission (TCC) after discovering that groundwater seeps from 
²ƻƭŦŜōƻǊƻΩǎ ǊŀǇƛŘ ƛƴŦƛƭǘǊŀǘƛƻƴ ōŀǎƛƴǎ όwL.ǎύ ŀƴŘ ǎŜŎǘƛƻƴǎ ƻŦ ǘƘŜ .Ǌƻƻƪ ŎƻƴǘŀƛƴŜŘ ŀƭƎŀŜΦ  ¢ƘŜ ŀƭƎŀŜ 
had not been documented prior to operation of the RIBs that handle from 400,000 to 600,000 
Ǝŀƭƭƻƴǎ ŀ Řŀȅ ƻŦ ǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ŜŦŦƭǳŜƴǘΦ  9t!Ωǎ wŀǇƛŘ .ƛƻŀǎǎŜǎǎƳŜƴǘ tǊƻǘƻŎƻƭǎ ό.ŀǊōƻǳǊ Ŝǘ ŀƭΦ 
1999) were used to monitor algae in Nineteenmile Brook and the results compared to surface 
water chemistry samples taken at seep and brook locations.  The results suggest that the algae 
growing out of the seep locations and appearance of algae growth in the Brook are the result of 
increased concentrations of nutrients from direct runoff of sewage effluent flowing from the 
seeps.  Future monitoring is recommended at the locations used during the 2009 study and at 
other locations where seeps continue to flow directly into Nineteenmile Brook.  
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INTRODUCTION  

 

A study on the extent of algae to Nineteenmile Brook was developed by the Tuftonboro 

Conservation Commission (TCC) after discovering that groundwater breakouts areas, or 

ñseepsò, from Wolfeboroôs rapid infiltration basins (RIBs) and sections of the Brook both 

contained algae. The intended purpose of the RIBs is to allow significant additional 

treatment of Wolfeboroôs sewage effluent through infiltration into an amassed volume of 

sand, silt and clay sediments underlying the wetlands and Nineteenmile Brook (Wright-

Pierce, 2007).  However, the seeps that are present at the site allow bypassing of such 

additional treatment so that the effluent emerges well before passing beneath wetlands 

and the Brook, and such effluent flowing from the seeps is routing directly to the Brook 

and is at times significant.   

 

Surface water quality regulations for the State of New Hampshire clearly state that 

effluent discharges to tributaries shall not contain nutrients that promote the growth of 

algae (Env-Wq 1702.15 (NH Code of Administrative Rules).  The seeps were suspected 

to contain excess nutrients from the Town of Wolfeboroôs sewage effluent, which is 

piped to the RIBs, located on the Wolfeboro/Tuftonboro town line.  Seeps were observed 

flowing on soil surfaces into wetlands and towards sections of the Brook.  A monitoring 

study was designed to document algal composition and abundance over time in a small 

area of the Brook where algae were observed.  In addition, water quality sampling data 

was provided by the Town of Wolfeboro and was analyzed in conjunction with the algae 

observation data. The methods and results are provided in the remaining sections of this 

report. 

 

METHODS 

 

Algal Monitoring.  At the time of the algal surveys, the nutrient concentration of the 

seeps was not known; however, background concentrations of nutrients in the Brook 

were available.  Five stations (one upstream reference) were established in the Brook 

corresponding to locations shown in Figure 1. Weekly monitoring observations were 

conducted from August 22 to October 1, 2009. The methods used to record changes in 

algal composition or abundance followed EPAôs Rapid Bioassessment Protocols for 

Periphyton/Algae (Barbour et al. 1999).  At each location an estimate of abundance (as 

percent cover of the stream bottom), of filamentous algae and slimes (if observed) were 

recorded using the following numerical scale: 

 

Á 0 = Absent/Not Observed; 

Á 1 = Rare (<5%); 

Á 2 = Common (5% - 30%); 

Á 3 = Abundant (30%-70%); and 

Á 4 = Dominant (>70%). 

 

Surface Water Collection.  On November 3, 2009 the TCC received surface water quality 

sampling results via email from the Town of Wolfeboroôs Public Works Director David 
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Ford who supervised the sampling of surface waters.  Surface water samples were 

collected at five specific locations:     

 

1. Wolfeboro Wastewater Treatment Facility Storage Pond; 

2. Nineteenmile Brook Upstream ñReferenceò Location; 

3. Nineteen Mile Brook ñSiteò Locations; 

4. Unnamed Tributary to Nineteenmile Brook; and 

5. Seep Locations. 

 

The frequency of surface water sampling varied depending on each location (i.e., weekly, 

bi-weekly, and monthly).  Surface water samples prior to operation of the RIBs were 

taken at only the reference location, site brook locations
1
, and the unnamed tributary 

(Numbers 2, 3, and 4 above).  Once the RIBs were on-line, all of the locations identified 

above were sampled.  Figure 1 shows the location of surface water quality samples taken 

by Wolfeboro. Chloride and nitrates were selected from the surface water data, compiled 

into tables, and compared to the locations of algal observations made by the TCC. 

 

Attachments: 

 

1-Reference Map: RIB Site Plan Surface Sampling Points  

                                

2-Procedure and Data Forms 

 

3-Summary of Algae Monitoring Data Collection and Field Notes 

 

4-Photographs taken at each monitoring observation on each monitoring date, as follows: 

 

4.1, August 22, 2009 

 

4.2, August 27, 2009 

 

4.3, Sept 3, 2009 

 

4.4, Sept 13, 2009 

 

4.5, Sept 17, 2009 

 

4.6, Sept 24, 2009* 

 

4.7, Oct 1, 2009 

* Photos for this date, station 4, are attached to this report.  All photos are available by 

request to the Tuftonboro Conservation Commmission.      

 

                                                 
1
 ñSiteò brook locations are those located within the predicted zone of discharge from the RIBs and seepage 

locations.  



4 

 

CONSOLIDATED  RESULTS 

 

In Nineteenmile Brook, algae were most often observed at Stations 3 and 4, where on 

average it was scored as either common (Score 2 = 5.0 - 30%) or abundant (Score 3 = 

30%-70%) throughout the duration of the study (Table 1).  No algae were recorded at the 

reference location (ALG-5) and algae at downstream sample locations (ALG-1 and ALG-

2) were rarely observed.  

 

Table 1.  Abundance of Filamentous Algae (first #) and Slime (second #) Observed 

in Nineteenmile Brook during the Study Period 

 
DATE; TIME ALG-1 ALG-2 ALG-3 ALG-4 ALG-5 

8/22/09; 1115 0, 0 0, 0 2, 0 3, 0 0, 0 

8/27/09; 0935 0, 0 0, 0 0, 0 3, 0 0, 0 

9/03/09; 0930 0, 0 0, 0 1, 0 3, 3 0, 0 

9/13/09; 1010 2, 0 0, 0 2, 0 3, 0 0, 0 

9/17/09; 0900 0, 0 0, 0 2, 0 3, 0 0, 0 

9/24/09; 0900 0, 0 1, 1 2, 2 4, 4 0, 0 

10/01/09; 0930 0, 0 0, 0 1, 1 3, 3 0, 0 
NOTES: 0 = Absent/Not Observed; 1 = Rare (<5%); 2 = Common (5% - 30%); 3 = Abundant (30%-70%);  
              4 = Dominant (>70%) 

                                                        

Table 2 shows the average concentrations of chloride and nitrate (both in mg/L) in the 

treated storage pond effluent that is sent to the RIBs, in surface waters of the reference 

brook location, site brook locations, and at the breakout locations where Wolfeboro has 

sampled prior to and following RIB operation.  As shown in this table, prior to and 

following operation of the RIBs, average concentrations of chloride and nitrate at the 

reference brook location are unchanged.  This indicates that RIB operation is not 

influencing this location and other potential upstream sources of chloride and nitrate are 

not present. 

 

However, the site brook locations show an order of magnitude increase in average 

concentrations of chloride and nitrates from baseline to the present post-operation of the 

RIBs.  Similarly, the average concentration of chloride and nitrates in the seeps, which 

flow toward the brook on the surface of the soils are at levels observed in the treated 

effluent, and algae was regularly observed in seep water before flowing into the wetlands 

and into the Brook.  Tributary concentrations of chloride and nitrate, although elevated, 

are slightly lower than at site brook locations. 

 

Table 2.  Summary of Chloride and Nitrate Surface Water Quality Data Collected 

by Wolfeboro 

 

RWIDS OPERATION 

(OP) 

STORAGE 

PONDS TO 

RIBS 

REFERENCE 

BROOK 

LOCATION 

SITE 

BROOK 

LOCATIONS 

SEEP 

LOCATIONS 

UNNAMED 

TRIBUTARY 

Average Chloride Concentration (mg/L)     

PRE ï OP NA 4.3 3.6 NA 1.1 



5 

 

POST ï OP 98 4.0 34 90 16 

      

Average Nitrate Concentration (mg/L)     

PRE ï OP NA 0.06 0.08 NA 0.0 

POST ï OP 0.65 0.05 0.25 0.68 0.2 
    NOTES: 

- NA = Not Applicable 
- All data collected by the Town of Wolfeboro 
- Reference brook sample location corresponds to 19MB-#1 
- Site brook sample locations corresponds to 19MB-#2 through 19MB-#7 and includes 19MB-#9 
- Breakout sample locations correspond to 19MB-#8 and 19MB-#10 through 19MB-#13 

 
Seep and Brook surface water sampling locations, concentrations of chloride and nitrate 

at each location, and relative position to the algal stations in Nineteenmile Brook is 

shown in Figure 1.  It is clear from the location of the seeps and the concentrations of the 

constituents detected in the surface water (especially nitrates) that the growth of algae in 

the brook is most likely related to these nutrient inputs to the Brook.  It should also be 

noted that algae had been observed on several occasions within the seeps runoff and 

unnamed tributary, although it was not recorded in the detail for algae observed in the 

Brook.  

 

CONCLUSIONS 

 

These results suggest that the treated effluent that is being pumped into the RIBs (and 

prematurely breaking out at seep locations) are not undergoing further treatment through 

the subsurface aquifer as initially proposed in the NHDES-approved design. Recent 

surface water quality data from seeps and in the Brook indicate that chlorides, nitrates 

(and likely other constituents) are elevated and similar in concentration to Wolfeboroôs 

sewage effluent pumped directly to the RIBs from the storage lagoon.  The reference 

brook location did not contain algae or elevated concentrations of these constituents.  The 

presence of these constituents in surface water samples above background concentrations 

and in proximity to the observations of algae is evidence that the RIBs are impacting the 

Brook.   
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Map of algae and surface water sampling locations 
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ATTACHMENT 2 -PROCEDURE FOR CONDUCTING ALGAE SURVEY  

 

1. Go to first station. 

 

2. Fill in top box of Periphyton Field Data Sheet (i.e., Stream name, Station #, 

(Lat/Long (if you have a GPS), Investigators, Form Completed By, and 

Date/Time).  You do not have to include information for the other boxes.  You 

should repeat this information for each Station (in case sheets are separated).  

 

3. Estimate the abundance (as percent cover of the stream bottom) of Filamentous 

Algae and Slimes (if observed) at the Station.  When estimating abundance, 

visualize a one meter ñswathò from bank to bank (see figure below).  Estimate the 

percent cover of algae in this meter swath. 

 

 
 

4. Note that the scale is 0 through 4.   

 

a. 0 = Absent/Not Observed 

b. 1 = Rare (<5%) 

c. 2 = Common (5% - 30%) 

d. 3 = Abundant (30%-70%) 

e. 4 = Dominant (>70%) 

 

5. Add additional comments as needed in the space provided.  For example, you 

may observe algae between sample locations.  Add those observations in these 

comment areas. 

 

6. Take a photo of the stream bed at each station and write the photo number and 

personôs name who took the photo on the data sheet. 

Right bank 

Left bank 

Direction of 
flow 

STATION 
LOCATION 

1.0 Meter 
Swath 
Observation 
Area (hatched) 
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7. Move to the next station. 

 

 

 

 
 

Comments: 
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Attachment 3-Summary of Algae Monitoring Data Collection and Field Notes 

 

Location: Five stations along the Nineteenmile Brook (hereinafter NB), more or less 

equally spaced, beginning at the split in the logging road west of test pit 9, at the culvert 

to be precise, and ending at a point in the NB directly south of the RWIDS Test Point 

(hereinafter TP) 10, as shown in Figure 1 reference map. 

 

Start: August 22, 2009 

 

Finish: October 1, 2009 

 

Protocol: Refer to attached ñProcedure for Conducting Algae Surveyò for procedure 

followed.  Refer to attached sample ñField Data Sheetò for data collection readings. 

 

Results: For each station first number is for filamentous, second number for slime, 

succeeding numbers are field notes. 

 

Date and time            Station 1        Station 2        Station 3         Station 4          Station 5       

 

8/22/09, 1115               0,0,1              0,0,1               2,0,2                3,0,1,3          0,0,1 

 

8/27/09, 0935               0,0,1              0,0,1               0,0,1,4             3,0,5             0,0,1 

 

9/3/09, 0930                 0,0,1              0,0,1               1,0,1,6             3,3,1             0,0,1,7 

 

9/13/09,1010                2,0,1              0,0,9               2,0,8                3,0,1             0,0,9 

 

9/17/09, 0900               0,0,1              0,0,1               2,0,1,10           3,0,9,11        0,0,1 

 

9/24/09, 0900               0,0,1              1,1,1               2,2,1                4,4,1             0,0,1 

 

10/1-09, 0930               0,0,1              0,0,1               1,1,1               3,3,1,12        0,0,1 

 

Teams:  8/22-Truchon/Wingate,  8/27-Chehames/Phelps, 9/3-Chehames/Light,  

              9/13-Leavitt-Carlson/Phelps, 9/17-Chehames/Phelps, 9/24-Chehames/Wingate 

              10/1-Chehames/Chehames 

 

Notes: 1-Three photos taken                                               10-At 6 feet downstream Algae 

           2-Four photos taken                                                       slime visabale at level 3 

           3-Bright green slime visible                                    11-Algae slime bright green 3 

           4-Algae slime visible 15 feet above station 3          12-High level 

           5-Chehames 2, Phelps 3 

           6-Chehames 2, Light 1 

           7-Chehames 0, Light 1 

           8-Five photos taken 

           9-Four photos taken 
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Attachment 4.6 #1, Station 4, 9.24.0 
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Attachment 4.6 #2, Station 4, 9.24.09 
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Attachment 4.6 #3, Station 4, 9.24.09 

 

 
 


