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II. Project Narrative 

i. Introduction 

Eden Estates is a proposed three (3) lot single-family residential subdivision, on a local road, 

located on the south side of Bancroft Road in Andover, Massachusetts.  The subject property 

consists of approximately 3.9± acres and is mainly grassed areas with wooded areas along 

portions of the perimeter of the site.  The topography slopes from a high point near the 

easterly most corner property to a low point at the northwesterly most corner of the site.  The 

elevations range from a high of 308 to a low of 284, a general vertical elevation difference of 

approximately twenty-four (24) feet. 

The soils within the project consist of the Woodbridge series.  This series is classified as 

being within the SCS-Hydrological Soils Group (HSG) C/D; ranked third/fourth on a scale of 

four (A, B, C, D) in terms of infiltration capacity.   

These calculations determine Pre-Development and Post-Development peak flow rates (Q) 

and runoff volumes using the SCS-TR20 Runoff Method with HydroCAD. Proposed mitigation 

of the increase in runoff is being obtained primarily through the proposed detention facility 

within the property.  The results for each drainage area, which experiences an increase in 

impervious area and therefore an apparent increase in peak runoff, will be tabulated. The 

objective is to mitigate the storm drainage flows such that there will be no increase in the 

peak rate of runoff or volume of runoff at any point along the parcel's boundary. The 

calculations will be performed for the 2, 10, 25 and 100-year storm events.  

Applicable regulations of the Town of Andover and the State of Massachusetts are 

incorporated herein. 

ii. Summary & Results 

As indicated in the Introduction, the objective is to mitigate the storm drainage flows such 

that there will be no increase in the peak rate of runoff or volume of runoff at any point at the 

parcel's boundary.  The following table summarizes the pre-development vs. the post-

development peak runoff flow rates for the 2, 10, 25 and 100-year storm event.  As indicated, 

due to the detention mitigation facility located within the project, the peak rates and volumes 

of runoff from the site are not increased under any design storm conditions, therefore, no 

downstream properties should be adversely affected by this project.  
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Pre-Development vs. Post-Development Drainage Summary Tables 

Point #1 
 Peak Flow Rate Runoff Volume 

Design 

Storm 

Pre-Dev. 

(cfs) 

Post-Dev. 

(cfs) 

∆ 

(cfs) 

Pre-Dev. 

(ac.-ft.) 

Post-Dev. 

(ac.-ft.) 

∆ 

(ac.-ft.) 

2 0.6 0.4 (0.2) 0.061 0.037 (0.024) 

10 1.5 1.0 (0.5) 0.140 0.081 (0.059) 

25 2.1 1.3 (1.2) 0.194 0.111 (0.083) 

100 3.0 1.9 (1.1) 0.283 0.159 (0.124) 

Point #2 

 Peak Flow Rate Runoff Volume 

Design 

Storm 

Pre-Dev. 

(cfs) 

Post-Dev. 

(cfs) 

∆ 

(cfs) 

Pre-Dev. 

(ac.-ft.) 

Post-Dev. 

(ac.-ft.) 

∆ 

(ac.-ft.) 

2 1.2 0.0 (1.2) 0.109 0.000 (0.109) 

10 2.9 0.0 (2.9) 0.250 0.009 (0.136) 

25 4.1 0.2 (3.9) 0.347 0.110 (0.237) 

100 5.9 0.3 (5.6) 0.505 0.267 (0.010) 

Point #3 

 Peak Flow Rate Runoff Volume 

Design 

Storm 

Pre-Dev. 

(cfs) 

Post-Dev. 

(cfs) 

∆ 

(cfs) 

Pre-Dev. 

(ac.-ft.) 

Post-Dev. 

(ac.-ft.) 

∆ 

(ac.-ft.) 

2 1.8 1.8 0.0 0.221 0.213 (0.008) 

10 4.6 4.3 (0.3) 0.523 0.484 (0.039) 

25 6.5 5.9 (0.6) 0.735 0.668 (0.067) 

100 9.7 8.4 (1.3) 1.084 0.966 (0.118) 

These Storm Drainage calculations were prepared in accordance with the applicable Town 

of Andover Regulations and the Massachusetts DEP Stormwater Handbook.  Drainage 

structures and pipes were designed according to generally accepted engineering principles 

and in accordance with the stated regulations. 



Eden Estates 
Andover, Massachusetts 

 

 

DK Engineering LLC Page 4 Printed:  July 14, 2024 

 

III. Locus Map, USGS Map & FIRMette Map 
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IV. Storm Drain Calculations 

i. Description of Drainage System 

The proposed drainage system is a combination closed and open system.  Decreases in peak 

flow rates and volumes of runoff will be obtained primarily through use of the proposed 

detention facility.  Catch basins will be constructed to collect the runoff and transport it to 

the closed drainage system and discharge to the detention basin.  The basin will serve to 

detain and store the runoff while discharging a flow rate equal to or less than the calculated 

pre-development peak flow rate.  The difference will be stored in the basin. 

Pre- and Post-Development Drainage Area Maps accompany these calculations.  The 

following table summarizes the pre vs. post development drainage areas for the entire site. 

 

Drainage 

Area 

Pre-Dev. 

(s.f) 

Post-Dev. 

(s.f) 

   

SC-1 29,285  

SC-2 52,209  

SC-3 117,357  

   

SC-5  31,857 

SC-6  56,305 

SC-7  15,747 

SC-8  85,726 

Houses  9,216 

Total 198,851 198,851 

 



������������	
����
�����
����������
����������������������
��������
�����
�����
�����
����	� !�""#
����$��
����%&� ��"�#

'�����������(!�)���
*+,-./012+3456+789,
**+,-./012+:4;4

<�=�>�<?'@=<=>�>=���A?'B�'�@C�'�>=��>'�

48DE8+F1/G08H+48DI/8+F8JK-JG0H+7G0L81K+4MN+O8./1DMH+P8/K+Q/R98K.SH+T8K1+:D/.LH+U/K8D+VGKLGM1

WUXXH+W8MG-D8K+V18ML1/+41/JG01H+4GKJ1/+49/GDYH+78/RK8DI

FZ[M8\.K8/+]+FZ[Y/89LG08K+]+789,[̂[81/G8K,

<A���_
���

<̀ �%_�����a�����a����a��������)��b
���c�����������d����(�e����)�����������������f���������g�


̀������
�����$�����
����������������fc����g

� � h �� �h h� ��� ��� h�� ����

h%���
� ���

ijNkllmjNnopq
� �&�

ijNkrsmjNltsq
� 	&�

ijNntrmjNpouq
� hh	

ijNlnjmjNtrnq
� !!"

ijNpjsmjNounq
� &h�

ijNpplmsNjsq
� "	�

ijNtjsmsNsuq
� (		

ijNtntmsNnlq
� �(

ijNujtmsNtjq
� ��

ijNutnmsNosq

��%���
� 		�

ijNnlpmjNpltq
� h�&

ijNlskmjNtpnq
� !!"

ijNpksmjNonsq
� &"h

ijNtjrmjNrokq
� (	!

ijNusjmsNklq
� �&

ijNuolmsNlnq
� �(

ijNopsmsNttq
� �	

ijNrjkmsNrjq
� h	

ijNrrrmkNkuq
� &�

isNjomkNptq

�h%���
� h�"

ijNljtmjNtlkq
� !��

ijNlopmjNutoq
� &"!

ijNtsnmjNruuq
� (�	

ijNusumsNstq
� ��

ijNonpmsNltq
� �!

ijNrknmsNtoq
� 	�

isNjjmsNrpq
� h&

isNjtmkNknq
� "�

isNsomkNtuq
� ��

isNkumnNjkq

��%���
� &��

ijNppomjNookq
� "h�

ijNttumsNjtq
� �"

ijNolnmsNnlq
� �&

ijNropmsNprq
� h�

isNspmkNjjq
� &�

isNkumkNnsq
� (�

isNnomkNtoq
� �&

isNltmnNjoq
� h�

isNtkmnNtoq
� &&

isNupmlNstq

!�%���
� (�&

ijNusjmsNskq
� �"

ijNolrmsNnlq
� �"

isNjumsNusq
� !�

isNktmkNjkq
� (h

isNltmkNppq
� ��

isNtkmkNrlq
� 	!

isNutmnNlkq
� &!

isNotmnNrkq
� �"

ikNjtmlNtoq
� h�

ikNklmpNnjq

�%��
� �&

ijNrknmsNllq
� 	�

isNssmsNunq
� "�

isNlkmkNkkq
� ��

isNttmkNtlq
� h&

isNrpmnNntq
� (�

ikNstmnNooq
� �!

ikNntmlNplq
� !(

ikNpjmpNksq
	 �	

ikNokmtNnpq
	 (�

inNssmuNnsq

�%��
� �h

isNjumsNttq
� !�

isNnjmkNjjq
� ��

isNttmkNpoq
� 	"

isNrpmnNjuq
� ��

ikNnjmnNrkq
� 	�

ikNplmlNplq
� "�

ikNurmpNnlq
	 �h

ikNrpmtNskq
h �!

inNntmuNpkq
h "!

inNunmoNujq

!%��
� &�

isNnomkNsjq
� ��

isNtomkNptq
� &�

ikNstmnNnkq
� ��

ikNppmnNrtq
� (�

inNjsmpNjuq
	 	�

inNnnmpNooq
	 ((

inNttmtNrkq
h !(

inNoomuNrtq
! &(

ilNllmrNokq
& &	

ilNrlmssNlq

��%��
� �&

isNupmkNtkq
� !!

ikNslmnNkkq
� 	h

ikNuumlNsrq
	 ��

inNkompNjkq
h ��

inNoumtNllq
h !"

ilNnjmuNloq
! 	�

ilNukmoNokq
& ��

ipNjjmsjNsq
" &�

ipNukmskNpq
( (�

itNnpmslNpq

�	%��
� h&

ikNsjmnNjrq
� ��

ikNtjmnNolq
	 ��

inNlkmpNjoq
h �!

ilNjumtNslq
! ��

ilNopmuNrtq
& �"

ipNljmrNkoq
" ��

ipNrtmssNjq
( ��

itNnkmskNuq
�� �

iuNkomspNoq
�� &

ioNspmsoNpq

�%��c
� "(

ikNnomnNlpq
� !!

inNjsmlNnoq
	 (�

ilNjnmpNrsq
h ("

ilNopmuNkjq
& 	�

ipNolmrNluq
" 	&

itNplmssNsq
( !h

iuNktmsnNnq
�� �

iuNusmspNnq
�� &

irNjkmsrNlq
�h (

isjNkmkkNrq

�%��c
� �&

ikNtkmnNuuq
	 ��

inNnjmlNutq
h �!

ilNljmtNljq
! 	(

ipNkrmuNurq
" �	

itNnpmsjNkq
( �!

iuNsjmskNjq
�� 	

iuNoomslNnq
�� �

ioNntmstNpq
�	 "

irNuomkjNrq
�& �

issNsmklNuq

	%��c
� 		

ikNopmlNjoq
	 ��

inNptmpNsjq
h &�

ilNujmtNuoq
! "!

ipNtkmoNksq
" 	!

itNujmsjNuq
( !�

iuNlumskNpq
�� (

ioNkumslNrq
�� !

ioNupmsuNkq
�h 	

isjNkmksNuq
�& (

issNtmkpNuq

&%��c
	 �(

inNpjmlNrlq
h �"

ilNknmpNrrq
! h�

ipNlkmuNukq
& &�

itNnumrNsrq
( �&

iuNlumssNoq
�� !

ioNkpmsnNtq
�� (

irNjpmstNsq
�� &

irNpkmsoNpq
�! h

issNjmknNkq
�( �

iskNlmkuNkq

��%��c
	 "&

ilNjompNukq
h &"

ilNolmtNurq
& �!

itNjpmoNptq
" 	(

iuNjnmsjNsq
�� �

ioNslmskNuq
�� 	

ioNrnmslNtq
�� "

irNusmsuNkq
�	 !

isjNkmsrNtq
�& 	

issNtmklNkq
�( (

iskNrmkoNkq

��%��c
! &(

ipNulmuNrkq
& &(

itNpomrNjrq
( 	�

iuNrnmssNjq
�� "

irNjjmskNuq
�� !

isjNsmspNtq
�	 �

issNjmsuNuq
�h h

issNumkjNnq
�& �

iskNsmknNjq
�( "

isnNkmkuNnq
�� (

islNkmnjNrq

��%��c
" 	�

iuNslmrNupq
( 	"

ioNjpmssNjq
�� �

irNpjmsnNsq
�� &

isjNumslNrq
�	 &

issNomsuNrq
�! �

iskNumkjNkq
�& "

isnNnmkkNrq
�( h

isnNomkpNrq
�� "

islNumnjNjq
�� !

ispNlmnnNkq

	h%��c
�� h

ioNrlmskNsq
�� !

irNrkmsnNlq
�� h

issNpmspNuq
�h �

iskNumsuNtq
�& �

isnNrmkjNrq
�( �

islNomknNlq
�� !

ispNlmktNkq
�� �

ispNomkrNlq
�	 	

istNpmnnNlq
�h (

istNrmntNnq

!�%��c
�� �

isjNpmslNsq
�� h

issNpmspNpq
�h h

isnNkmsuNrq
�& �

islNpmkjNjq
�( 	

ispNumknNlq
�� �

istNumktNjq
�� �

isuNkmkrNjq
�	 !

isuNpmnkNnq
�! !

isoNjmntNnq
�" �

isoNnmnrNsq

s+F/10G9GM8MG-D+v/1w.1D0R+iFZq+1,MGx8M1,+GD+MLG,+M8\K1+8/1+\8,1I+-D+v/1w.1D0R+8D8KR,G,+-v+98/MG8K+I./8MG-D+,1/G1,+iFT4qN

W.x\1/,+GD+98/1DML1,G,+8/1+FZ+1,MGx8M1,+8M+K-y1/+8DI+.991/+\-.DI,+-v+ML1+rjz+0-DvGI1D01+GDM1/J8KN+QL1+9/-\8\GKGMR+ML8M+9/10G9GM8MG-D+v/1w.1D0R
1,MGx8M1,+iv-/+8+YGJ1D+I./8MG-D+8DI+8J1/8Y1+/10.//1D01+GDM1/J8Kq+yGKK+\1+Y/18M1/+ML8D+ML1+.991/+\-.DI+i-/+K1,,+ML8D+ML1+K-y1/+\-.DIq+G,+pzN+3,MGx8M1,+8M
.991/+\-.DI,+8/1+D-M+0L10S1I+8Y8GD,M+9/-\8\K1+x8{Gx.x+9/10G9GM8MG-D+iF7Fq+1,MGx8M1,+8DI+x8R+\1+LGYL1/+ML8D+0.//1DMKR+J8KGI+F7F+J8K.1,N

FK18,1+/1v1/+M-+WUXX+XMK8,+sl+I-0.x1DM+v-/+x-/1+GDv-/x8MG-DN

|80S+M-+Q-9

<A�$��a�����

DKLLC
Highlight
�	%�

DKLLC
Highlight
�

DKLLC
Highlight
�

DKLLC
Highlight
��

DKLLC
Highlight
�h

DKLLC
Highlight
���

DKLLC
Highlight
����������������������
��������
�����
����

DKLLC
Highlight
� h&

DKLLC
Highlight
� ��

DKLLC
Highlight
h �!

DKLLC
Highlight
! ��

DKLLC
Highlight
" ��



Eden Estates 
Andover, Massachusetts 

 

 

DK Engineering LLC Page 8 Printed:  July 14, 2024 

 

 

 

ii. Runoff and Mitigation Design Calculations 

25-Year Design Storm Event – Detail 
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Pre-Development Post-Development

POINT #1

POINT #2

POINT #3
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SC-1
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SC-2

3

SC-3
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SC-7
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SC-6
13

SC-5
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Grass Channel

15

Infiltration Basin
20

Lot 1 Bldg

21

Lot 2 Bldg
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Lot 3 Bldg

23

Drywell

24

SC-8

25

SC-8 Total

Routing Diagram for 42215 Rev 2024-07-14 (Atlas 14)
Prepared by DK Engineering LLC,  Printed 7/14/2024

HydroCAD® 10.00-26  s/n 04123  © 2020 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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  Printed  7/14/2024Prepared by DK Engineering LLC
Page 2HydroCAD® 10.00-26  s/n 04123  © 2020 HydroCAD Software Solutions LLC

Summary for Subcatchment 1: SC-1

Runoff = 2.1 cfs @ 12.20 hrs,  Volume= 0.194 af,  Depth= 3.47"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Adj Description

4,056 98 Unconnected pavement, HSG C
1,796 98 Unconnected roofs, HSG C
9,879 70 Woods, Good, HSG C

13,554 74 >75% Grass cover, Good, HSG C

29,285 77 75 Weighted Average, UI Adjusted
23,433 80.02% Pervious Area
5,852 19.98% Impervious Area
5,852 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

12.5 50 0.0200 0.07 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.10"

0.5 92 0.0220 3.01 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

1.3 123 0.0100 1.61 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

14.3 265 Total
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Subcatchment 1: SC-1

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

2

1

0

Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=29,285 sf

Runoff Volume=0.194 af

Runoff Depth=3.47"

Flow Length=265'

Tc=14.3 min

UI Adjusted CN=75

2.1 cfs
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Summary for Subcatchment 2: SC-2

Runoff = 4.1 cfs @ 12.16 hrs,  Volume= 0.347 af,  Depth= 3.47"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Adj Description

2,642 98 Unconnected pavement, HSG C
3,334 98 Unconnected roofs, HSG C

36,346 74 >75% Grass cover, Good, HSG C
9,887 70 Woods, Good, HSG C

52,209 76 75 Weighted Average, UI Adjusted
46,233 88.55% Pervious Area
5,976 11.45% Impervious Area
5,976 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.1 50 0.0430 0.14 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 3.10"

1.7 163 0.0520 1.60 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.0 62 0.0230 1.06 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.5 112 0.0230 0.76 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

11.3 387 Total
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Subcatchment 2: SC-2

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=52,209 sf

Runoff Volume=0.347 af

Runoff Depth=3.47"

Flow Length=387'

Tc=11.3 min

UI Adjusted CN=75

4.1 cfs
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Summary for Subcatchment 3: SC-3

Runoff = 6.5 cfs @ 12.32 hrs,  Volume= 0.735 af,  Depth= 3.27"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Description

952 98 Unconnected roofs, HSG C
85,299 74 >75% Grass cover, Good, HSG C
31,106 70 Woods, Good, HSG C

117,357 73 Weighted Average
116,405 99.19% Pervious Area

952 0.81% Impervious Area
952 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

16.5 50 0.0100 0.05 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.10"

6.5 433 0.0500 1.12 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

23.0 483 Total

Subcatchment 3: SC-3

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=117,357 sf

Runoff Volume=0.735 af

Runoff Depth=3.27"

Flow Length=483'

Tc=23.0 min

CN=73

6.5 cfs
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Summary for Subcatchment 11: SC-7

Runoff = 1.3 cfs @ 12.15 hrs,  Volume= 0.111 af,  Depth= 3.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Adj Description

3,395 98 Unconnected pavement, HSG C
1,065 98 Unconnected roofs, HSG C

10,044 74 >75% Grass cover, Good, HSG C
1,243 70 Woods, Good, HSG C

15,747 80 77 Weighted Average, UI Adjusted
11,287 71.68% Pervious Area
4,460 28.32% Impervious Area
4,460 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.1 38 0.0200 0.06 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.10"

0.3 51 0.0300 2.79 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

10.4 89 Total

Subcatchment 11: SC-7

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=15,747 sf

Runoff Volume=0.111 af

Runoff Depth=3.67"

Flow Length=89'

Tc=10.4 min

UI Adjusted CN=77

1.3 cfs
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Summary for Subcatchment 12: SC-6

Runoff = 4.6 cfs @ 12.19 hrs,  Volume= 0.429 af,  Depth= 3.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Adj Description

1,944 98 Unconnected pavement, HSG C
3,334 98 Unconnected roofs, HSG C

28,356 74 >75% Grass cover, Good, HSG C
22,671 86 <50% Grass cover, Poor, HSG C

56,305 81 80 Weighted Average, UI Adjusted
51,027 90.63% Pervious Area
5,278 9.37% Impervious Area
5,278 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

11.0 50 0.0100 0.08 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 3.10"

0.9 98 0.0700 1.85 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.1 180 0.0050 1.40 4.2 Channel Flow, 
Area= 3.0 sf  Perim= 5.5'  r= 0.55'
n= 0.050  Earth, cobble bottom, clean sides

14.0 328 Total
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Subcatchment 12: SC-6

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=56,305 sf

Runoff Volume=0.429 af

Runoff Depth=3.98"

Flow Length=328'

Tc=14.0 min

UI Adjusted CN=80

4.6 cfs
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Summary for Subcatchment 13: SC-5

Runoff = 3.7 cfs @ 12.11 hrs,  Volume= 0.302 af,  Depth= 4.95"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Description

11,986 98 Paved parking, HSG C
1,048 98 Unconnected pavement, HSG C

15,126 86 <50% Grass cover, Poor, HSG C
3,697 70 Woods, Good, HSG C

31,857 89 Weighted Average
18,823 59.09% Pervious Area
13,034 40.91% Impervious Area
1,048 8.04% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 50 0.0550 0.15 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 3.10"

1.9 300 0.0160 2.57 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

0.0 14 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.2 55 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.5 210 0.0120 6.46 5.1 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

8.2 629 Total
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Subcatchment 13: SC-5

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=31,857 sf

Runoff Volume=0.302 af

Runoff Depth=4.95"

Flow Length=629'

Tc=8.2 min

CN=89

3.7 cfs
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Summary for Reach 14: Grass Channel

Inflow Area = 0.731 ac, 40.91% Impervious,  Inflow Depth = 4.95"    for  025 YR event
Inflow = 3.7 cfs @ 12.11 hrs,  Volume= 0.302 af
Outflow = 3.5 cfs @ 12.17 hrs,  Volume= 0.302 af,  Atten= 6%,  Lag= 3.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.00 fps,  Min. Travel Time= 1.8 min
Avg. Velocity = 0.91 fps,  Avg. Travel Time= 6.0 min

Peak Storage= 391 cf @ 12.14 hrs
Average Depth at Peak Storage= 0.64'
Bank-Full Depth= 1.60'  Flow Area= 4.6 sf,  Capacity= 21.8 cfs

1.25'  x  1.60'  deep channel,  n= 0.033  Earth, grassed & winding
Side Slope Z-value= 1.0 '/'   Top Width= 4.45'
Length= 325.0'   Slope= 0.0154 '/'
Inlet Invert= 302.00',  Outlet Invert= 297.00'

Reach 14: Grass Channel

Inflow
Outflow

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

4

3

2

1

0

Inflow Area=0.731 ac

Avg. Flow Depth=0.64'

Max Vel=3.00 fps

n=0.033

L=325.0'

S=0.0154 '/'

Capacity=21.8 cfs

3.7 cfs

3.5 cfs
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Summary for Pond 15: Infiltration Basin

Inflow Area = 2.024 ac, 20.77% Impervious,  Inflow Depth = 4.33"    for  025 YR event
Inflow = 8.1 cfs @ 12.18 hrs,  Volume= 0.730 af
Outflow = 0.4 cfs @ 15.46 hrs,  Volume= 0.730 af,  Atten= 95%,  Lag= 196.8 min
Discarded = 0.2 cfs @ 15.46 hrs,  Volume= 0.620 af
Primary = 0.2 cfs @ 15.46 hrs,  Volume= 0.110 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 288.08' @ 15.46 hrs   Surf.Area= 10,261 sf   Storage= 19,836 cf

Plug-Flow detention time= 718.4 min calculated for 0.730 af (100% of inflow)
Center-of-Mass det. time= 718.9 min ( 1,528.5 - 809.6 )

Volume Invert Avail.Storage Storage Description

#1 285.50' 42,275 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

285.50 3,310 0 0
286.00 6,450 2,440 2,440
288.00 10,140 16,590 19,030
289.00 11,675 10,908 29,938
290.00 13,000 12,338 42,275

Device Routing     Invert Outlet Devices

#1 Discarded 285.50' 1.020 in/hr Exfiltration over Surface area   
#2 Primary 287.50' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Primary 289.10' 24.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Discarded OutFlow  Max=0.2 cfs @ 15.46 hrs  HW=288.08'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.2 cfs)

Primary OutFlow  Max=0.2 cfs @ 15.46 hrs  HW=288.08'   (Free Discharge)
2=Orifice/Grate  (Orifice Controls 0.2 cfs @ 3.24 fps)
3=Orifice/Grate  ( Controls 0.0 cfs)
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Pond 15: Infiltration Basin

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
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Inflow Area=2.024 ac

Peak Elev=288.08'

Storage=19,836 cf

8.1 cfs

0.4 cfs

0.2 cfs

0.2 cfs
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Summary for Subcatchment 20: Lot 1 Bldg

Runoff = 0.4 cfs @ 12.09 hrs,  Volume= 0.035 af,  Depth= 5.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Description

3,072 98 Unconnected roofs, HSG C

3,072 100.00% Impervious Area
3,072 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.1 25 0.3000 3.03 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 3.10"

0.1 25 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 20: Lot 1 Bldg

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=3,072 sf

Runoff Volume=0.035 af

Runoff Depth=5.98"

Flow Length=25'

Slope=0.3000 '/'

Tc=6.0 min

CN=98

0.4 cfs



Eden Estates - Andover, MA
Type III 24-hr  025 YR Rainfall=6.22"42215 Rev 2024-07-14 (Atlas 14)

  Printed  7/14/2024Prepared by DK Engineering LLC
Page 16HydroCAD® 10.00-26  s/n 04123  © 2020 HydroCAD Software Solutions LLC

Summary for Subcatchment 21: Lot 2 Bldg

Runoff = 0.4 cfs @ 12.09 hrs,  Volume= 0.035 af,  Depth= 5.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Description

3,072 98 Unconnected roofs, HSG C

3,072 100.00% Impervious Area
3,072 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.1 25 0.3000 3.03 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 3.10"

0.1 25 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 21: Lot 2 Bldg

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=3,072 sf

Runoff Volume=0.035 af

Runoff Depth=5.98"

Flow Length=25'

Slope=0.3000 '/'

Tc=6.0 min

CN=98

0.4 cfs
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Summary for Subcatchment 22: Lot 3 Bldg

Runoff = 0.4 cfs @ 12.09 hrs,  Volume= 0.035 af,  Depth= 5.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Description

3,072 98 Unconnected roofs, HSG C

3,072 100.00% Impervious Area
3,072 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.1 25 0.3000 3.03 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 3.10"

0.1 25 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 22: Lot 3 Bldg

Runoff

Hydrograph

Time  (hours)
727068666462605856545250484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.46

0.44

0.42

0.4

0.38

0.36

0.34

0.32

0.3

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=3,072 sf

Runoff Volume=0.035 af

Runoff Depth=5.98"

Flow Length=25'

Slope=0.3000 '/'

Tc=6.0 min

CN=98

0.4 cfs
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Summary for Pond 23: Drywell

Inflow Area = 0.212 ac,100.00% Impervious,  Inflow Depth = 5.98"    for  025 YR event
Inflow = 1.3 cfs @ 12.09 hrs,  Volume= 0.105 af
Outflow = 1.2 cfs @ 12.10 hrs,  Volume= 0.102 af,  Atten= 1%,  Lag= 0.9 min
Discarded = 0.0 cfs @ 3.15 hrs,  Volume= 0.036 af
Primary = 1.2 cfs @ 12.10 hrs,  Volume= 0.066 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 3.22' @ 12.10 hrs   Surf.Area= 990 sf   Storage= 1,308 cf

Plug-Flow detention time= 583.5 min calculated for 0.102 af (97% of inflow)
Center-of-Mass det. time= 562.7 min ( 1,307.3 - 744.6 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 455 cf 15.00'W x 22.00'L x 3.50'H Prismatoid
1,155 cf Overall - 18 cf Embedded = 1,137 cf  x 40.0% Voids

#2 0.50' 18 cf 18.0"  Round Pipe Storage  Inside #1
L= 10.0'  S= 0.0050 '/'

473 cf x  3.00  =  1,418 cf  Total Available Storage

Device Routing     Invert Outlet Devices

#1 Discarded 0.00' 0.270 in/hr Exfiltration over Surface area   
#2 Primary 3.00' 5.0' long  x 5.0' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60  1.80  2.00  
2.50  3.00  3.50  4.00  4.50  5.00  5.50   
Coef. (English)  2.34  2.50  2.70  2.68  2.68  2.66  2.65  2.65  2.65  
2.65  2.67  2.66  2.68  2.70  2.74  2.79  2.88   

Discarded OutFlow  Max=0.0 cfs @ 3.15 hrs  HW=0.07'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.0 cfs)

Primary OutFlow  Max=1.2 cfs @ 12.10 hrs  HW=3.22'   (Free Discharge)
2=Broad-Crested Rectangular Weir  (Weir Controls 1.2 cfs @ 1.11 fps)
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Pond 23: Drywell

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.212 ac

Peak Elev=3.22'

Storage=1,308 cf

1.3 cfs

1.2 cfs

0.0 cfs

1.2 cfs
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Summary for Subcatchment 24: SC-8

Runoff = 5.4 cfs @ 12.32 hrs,  Volume= 0.602 af,  Depth= 3.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  025 YR Rainfall=6.22"

Area (sf) CN Adj Description

2,640 98 Unconnected pavement, HSG C
26,738 86 <50% Grass cover, Poor, HSG C
38,903 74 >75% Grass cover, Good, HSG C
17,445 70 Woods, Good, HSG C

85,726 78 77 Weighted Average, UI Adjusted
83,086 96.92% Pervious Area
2,640 3.08% Impervious Area
2,640 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

16.5 50 0.0100 0.05 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.10"

6.5 433 0.0490 1.11 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

23.0 483 Total

Subcatchment 24: SC-8

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

025 YR Rainfall=6.22"

Runoff Area=85,726 sf

Runoff Volume=0.602 af

Runoff Depth=3.67"

Flow Length=483'

Tc=23.0 min

UI Adjusted CN=77

5.4 cfs
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Summary for Link 25: SC-8 Total

Inflow Area = 2.180 ac, 12.49% Impervious,  Inflow Depth = 3.68"    for  025 YR event
Inflow = 5.9 cfs @ 12.31 hrs,  Volume= 0.668 af
Primary = 5.9 cfs @ 12.31 hrs,  Volume= 0.668 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Link 25: SC-8 Total

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=2.180 ac
5.9 cfs

5.9 cfs
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Type III 24-hr  002 YR Rainfall=3.20"42215 Rev 2024-07-14 (Atlas 14)
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=29,285 sf   19.98% Impervious   Runoff Depth=1.09"Subcatchment 1: SC-1
   Flow Length=265'   Tc=14.3 min   UI Adjusted CN=75   Runoff=0.6 cfs  0.061 af

Runoff Area=52,209 sf   11.45% Impervious   Runoff Depth=1.09"Subcatchment 2: SC-2
   Flow Length=387'   Tc=11.3 min   UI Adjusted CN=75   Runoff=1.2 cfs  0.109 af

Runoff Area=117,357 sf   0.81% Impervious   Runoff Depth=0.98"Subcatchment 3: SC-3
   Flow Length=483'   Tc=23.0 min   CN=73   Runoff=1.8 cfs  0.221 af

Runoff Area=15,747 sf   28.32% Impervious   Runoff Depth=1.21"Subcatchment 11: SC-7
   Flow Length=89'   Tc=10.4 min   UI Adjusted CN=77   Runoff=0.4 cfs  0.037 af

Runoff Area=56,305 sf   9.37% Impervious   Runoff Depth=1.40"Subcatchment 12: SC-6
   Flow Length=328'   Tc=14.0 min   UI Adjusted CN=80   Runoff=1.6 cfs  0.151 af

Runoff Area=31,857 sf   40.91% Impervious   Runoff Depth=2.08"Subcatchment 13: SC-5
   Flow Length=629'   Tc=8.2 min   CN=89   Runoff=1.6 cfs  0.127 af

Avg. Flow Depth=0.40'   Max Vel=2.37 fps   Inflow=1.6 cfs  0.127 afReach 14: Grass Channel
n=0.033   L=325.0'   S=0.0154 '/'   Capacity=21.8 cfs   Outflow=1.5 cfs  0.127 af

Peak Elev=286.61'  Storage=6,689 cf   Inflow=3.1 cfs  0.278 afPond 15: Infiltration Basin
   Discarded=0.2 cfs  0.278 af   Primary=0.0 cfs  0.000 af   Outflow=0.2 cfs  0.278 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment 20: Lot 1 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.2 cfs  0.017 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment 21: Lot 2 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.2 cfs  0.017 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment 22: Lot 3 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.2 cfs  0.017 af

Peak Elev=3.06'  Storage=1,245 cf   Inflow=0.6 cfs  0.052 afPond 23: Drywell
   Discarded=0.0 cfs  0.035 af   Primary=0.2 cfs  0.014 af   Outflow=0.2 cfs  0.049 af

Runoff Area=85,726 sf   3.08% Impervious   Runoff Depth=1.21"Subcatchment 24: SC-8
   Flow Length=483'   Tc=23.0 min   UI Adjusted CN=77   Runoff=1.7 cfs  0.199 af

   Inflow=1.8 cfs  0.213 afLink 25: SC-8 Total
   Primary=1.8 cfs  0.213 af

Total Runoff Area = 9.130 ac   Runoff Volume = 0.957 af   Average Runoff Depth = 1.26"
88.08% Pervious = 8.042 ac     11.92% Impervious = 1.088 ac
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=29,285 sf   19.98% Impervious   Runoff Depth=2.50"Subcatchment 1: SC-1
   Flow Length=265'   Tc=14.3 min   UI Adjusted CN=75   Runoff=1.5 cfs  0.140 af

Runoff Area=52,209 sf   11.45% Impervious   Runoff Depth=2.50"Subcatchment 2: SC-2
   Flow Length=387'   Tc=11.3 min   UI Adjusted CN=75   Runoff=2.9 cfs  0.250 af

Runoff Area=117,357 sf   0.81% Impervious   Runoff Depth=2.33"Subcatchment 3: SC-3
   Flow Length=483'   Tc=23.0 min   CN=73   Runoff=4.6 cfs  0.523 af

Runoff Area=15,747 sf   28.32% Impervious   Runoff Depth=2.67"Subcatchment 11: SC-7
   Flow Length=89'   Tc=10.4 min   UI Adjusted CN=77   Runoff=1.0 cfs  0.081 af

Runoff Area=56,305 sf   9.37% Impervious   Runoff Depth=2.95"Subcatchment 12: SC-6
   Flow Length=328'   Tc=14.0 min   UI Adjusted CN=80   Runoff=3.4 cfs  0.317 af

Runoff Area=31,857 sf   40.91% Impervious   Runoff Depth=3.83"Subcatchment 13: SC-5
   Flow Length=629'   Tc=8.2 min   CN=89   Runoff=2.9 cfs  0.233 af

Avg. Flow Depth=0.56'   Max Vel=2.81 fps   Inflow=2.9 cfs  0.233 afReach 14: Grass Channel
n=0.033   L=325.0'   S=0.0154 '/'   Capacity=21.8 cfs   Outflow=2.7 cfs  0.233 af

Peak Elev=287.63'  Storage=15,376 cf   Inflow=6.2 cfs  0.551 afPond 15: Infiltration Basin
   Discarded=0.2 cfs  0.542 af   Primary=0.0 cfs  0.009 af   Outflow=0.3 cfs  0.551 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=4.82"Subcatchment 20: Lot 1 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.3 cfs  0.028 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=4.82"Subcatchment 21: Lot 2 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.3 cfs  0.028 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=4.82"Subcatchment 22: Lot 3 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.3 cfs  0.028 af

Peak Elev=3.19'  Storage=1,296 cf   Inflow=1.0 cfs  0.085 afPond 23: Drywell
   Discarded=0.0 cfs  0.035 af   Primary=1.0 cfs  0.046 af   Outflow=1.0 cfs  0.082 af

Runoff Area=85,726 sf   3.08% Impervious   Runoff Depth=2.67"Subcatchment 24: SC-8
   Flow Length=483'   Tc=23.0 min   UI Adjusted CN=77   Runoff=3.9 cfs  0.438 af

   Inflow=4.3 cfs  0.484 afLink 25: SC-8 Total
   Primary=4.3 cfs  0.484 af

Total Runoff Area = 9.130 ac   Runoff Volume = 2.067 af   Average Runoff Depth = 2.72"
88.08% Pervious = 8.042 ac     11.92% Impervious = 1.088 ac
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=29,285 sf   19.98% Impervious   Runoff Depth=3.47"Subcatchment 1: SC-1
   Flow Length=265'   Tc=14.3 min   UI Adjusted CN=75   Runoff=2.1 cfs  0.194 af

Runoff Area=52,209 sf   11.45% Impervious   Runoff Depth=3.47"Subcatchment 2: SC-2
   Flow Length=387'   Tc=11.3 min   UI Adjusted CN=75   Runoff=4.1 cfs  0.347 af

Runoff Area=117,357 sf   0.81% Impervious   Runoff Depth=3.27"Subcatchment 3: SC-3
   Flow Length=483'   Tc=23.0 min   CN=73   Runoff=6.5 cfs  0.735 af

Runoff Area=15,747 sf   28.32% Impervious   Runoff Depth=3.67"Subcatchment 11: SC-7
   Flow Length=89'   Tc=10.4 min   UI Adjusted CN=77   Runoff=1.3 cfs  0.111 af

Runoff Area=56,305 sf   9.37% Impervious   Runoff Depth=3.98"Subcatchment 12: SC-6
   Flow Length=328'   Tc=14.0 min   UI Adjusted CN=80   Runoff=4.6 cfs  0.429 af

Runoff Area=31,857 sf   40.91% Impervious   Runoff Depth=4.95"Subcatchment 13: SC-5
   Flow Length=629'   Tc=8.2 min   CN=89   Runoff=3.7 cfs  0.302 af

Avg. Flow Depth=0.64'   Max Vel=3.00 fps   Inflow=3.7 cfs  0.302 afReach 14: Grass Channel
n=0.033   L=325.0'   S=0.0154 '/'   Capacity=21.8 cfs   Outflow=3.5 cfs  0.302 af

Peak Elev=288.08'  Storage=19,836 cf   Inflow=8.1 cfs  0.730 afPond 15: Infiltration Basin
   Discarded=0.2 cfs  0.620 af   Primary=0.2 cfs  0.110 af   Outflow=0.4 cfs  0.730 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=5.98"Subcatchment 20: Lot 1 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.4 cfs  0.035 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=5.98"Subcatchment 21: Lot 2 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.4 cfs  0.035 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=5.98"Subcatchment 22: Lot 3 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.4 cfs  0.035 af

Peak Elev=3.22'  Storage=1,308 cf   Inflow=1.3 cfs  0.105 afPond 23: Drywell
   Discarded=0.0 cfs  0.036 af   Primary=1.2 cfs  0.066 af   Outflow=1.2 cfs  0.102 af

Runoff Area=85,726 sf   3.08% Impervious   Runoff Depth=3.67"Subcatchment 24: SC-8
   Flow Length=483'   Tc=23.0 min   UI Adjusted CN=77   Runoff=5.4 cfs  0.602 af

   Inflow=5.9 cfs  0.668 afLink 25: SC-8 Total
   Primary=5.9 cfs  0.668 af

Total Runoff Area = 9.130 ac   Runoff Volume = 2.824 af   Average Runoff Depth = 3.71"
88.08% Pervious = 8.042 ac     11.92% Impervious = 1.088 ac
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=29,285 sf   19.98% Impervious   Runoff Depth=5.06"Subcatchment 1: SC-1
   Flow Length=265'   Tc=14.3 min   UI Adjusted CN=75   Runoff=3.0 cfs  0.283 af

Runoff Area=52,209 sf   11.45% Impervious   Runoff Depth=5.06"Subcatchment 2: SC-2
   Flow Length=387'   Tc=11.3 min   UI Adjusted CN=75   Runoff=5.9 cfs  0.505 af

Runoff Area=117,357 sf   0.81% Impervious   Runoff Depth=4.83"Subcatchment 3: SC-3
   Flow Length=483'   Tc=23.0 min   CN=73   Runoff=9.7 cfs  1.084 af

Runoff Area=15,747 sf   28.32% Impervious   Runoff Depth=5.29"Subcatchment 11: SC-7
   Flow Length=89'   Tc=10.4 min   UI Adjusted CN=77   Runoff=1.9 cfs  0.159 af

Runoff Area=56,305 sf   9.37% Impervious   Runoff Depth=5.64"Subcatchment 12: SC-6
   Flow Length=328'   Tc=14.0 min   UI Adjusted CN=80   Runoff=6.5 cfs  0.608 af

Runoff Area=31,857 sf   40.91% Impervious   Runoff Depth=6.71"Subcatchment 13: SC-5
   Flow Length=629'   Tc=8.2 min   CN=89   Runoff=5.0 cfs  0.409 af

Avg. Flow Depth=0.75'   Max Vel=3.24 fps   Inflow=5.0 cfs  0.409 afReach 14: Grass Channel
n=0.033   L=325.0'   S=0.0154 '/'   Capacity=21.8 cfs   Outflow=4.7 cfs  0.409 af

Peak Elev=288.85'  Storage=28,186 cf   Inflow=11.1 cfs  1.017 afPond 15: Infiltration Basin
   Discarded=0.3 cfs  0.750 af   Primary=0.3 cfs  0.267 af   Outflow=0.5 cfs  1.017 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=7.78"Subcatchment 20: Lot 1 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.5 cfs  0.046 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=7.78"Subcatchment 21: Lot 2 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.5 cfs  0.046 af

Runoff Area=3,072 sf   100.00% Impervious   Runoff Depth=7.78"Subcatchment 22: Lot 3 Bldg
   Flow Length=25'   Slope=0.3000 '/'   Tc=6.0 min   CN=98   Runoff=0.5 cfs  0.046 af

Peak Elev=3.26'  Storage=1,324 cf   Inflow=1.6 cfs  0.137 afPond 23: Drywell
   Discarded=0.0 cfs  0.036 af   Primary=1.6 cfs  0.098 af   Outflow=1.6 cfs  0.134 af

Runoff Area=85,726 sf   3.08% Impervious   Runoff Depth=5.29"Subcatchment 24: SC-8
   Flow Length=483'   Tc=23.0 min   UI Adjusted CN=77   Runoff=7.7 cfs  0.868 af

   Inflow=8.4 cfs  0.966 afLink 25: SC-8 Total
   Primary=8.4 cfs  0.966 af

Total Runoff Area = 9.130 ac   Runoff Volume = 4.054 af   Average Runoff Depth = 5.33"
88.08% Pervious = 8.042 ac     11.92% Impervious = 1.088 ac
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14

Grass Channel

Routing Diagram for 42215 Original 2024-07-02x (Atlas 14)
Prepared by DK Engineering LLC,  Printed 7/11/2024

HydroCAD® 10.00-26  s/n 04123  © 2020 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Summary for Subcatchment 13: SC-5

Runoff = 0.2 cfs @ 12.13 hrs,  Volume= 0.017 af,  Depth= 0.28"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  1 Inch Rainfall=1.00"

Area (sf) CN Description

11,986 98 Paved parking, HSG C
1,048 98 Unconnected pavement, HSG C

15,126 86 <50% Grass cover, Poor, HSG C
3,697 70 Woods, Good, HSG C

31,857 89 Weighted Average
18,823 59.09% Pervious Area
13,034 40.91% Impervious Area
1,048 8.04% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 50 0.0550 0.15 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 3.10"

1.9 300 0.0160 2.57 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

0.0 14 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.2 55 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.6 210 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

8.3 629 Total
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Summary for Reach 14: Grass Channel

Inflow Area = 0.731 ac, 40.91% Impervious,  Inflow Depth = 0.28"    for  1 Inch event
Inflow = 0.2 cfs @ 12.13 hrs,  Volume= 0.017 af
Outflow = 0.2 cfs @ 12.25 hrs,  Volume= 0.017 af,  Atten= 9%,  Lag= 6.7 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.87 fps,  Min. Travel Time= 3.6 min
Avg. Velocity = 0.33 fps,  Avg. Travel Time= 9.7 min

Peak Storage= 41 cf @ 12.18 hrs
Average Depth at Peak Storage= 0.16'
Bank-Full Depth= 1.75'  Flow Area= 7.9 sf,  Capacity= 25.6 cfs

1.00'  x  1.75'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.0 '/'   Top Width= 8.00'
Length= 190.0'   Slope= 0.0050 '/'
Inlet Invert= 290.00',  Outlet Invert= 289.05'
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Summary for Subcatchment 13: SC-5

Runoff = 1.6 cfs @ 12.12 hrs,  Volume= 0.127 af,  Depth= 2.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  002 YR Rainfall=3.20"

Area (sf) CN Description

11,986 98 Paved parking, HSG C
1,048 98 Unconnected pavement, HSG C

15,126 86 <50% Grass cover, Poor, HSG C
3,697 70 Woods, Good, HSG C

31,857 89 Weighted Average
18,823 59.09% Pervious Area
13,034 40.91% Impervious Area
1,048 8.04% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 50 0.0550 0.15 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 3.10"

1.9 300 0.0160 2.57 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

0.0 14 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.2 55 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.6 210 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

8.3 629 Total
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Summary for Reach 14: Grass Channel

Inflow Area = 0.731 ac, 40.91% Impervious,  Inflow Depth = 2.08"    for  002 YR event
Inflow = 1.6 cfs @ 12.12 hrs,  Volume= 0.127 af
Outflow = 1.5 cfs @ 12.18 hrs,  Volume= 0.127 af,  Atten= 6%,  Lag= 3.9 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Max. Velocity= 1.59 fps,  Min. Travel Time= 2.0 min
Avg. Velocity = 0.54 fps,  Avg. Travel Time= 5.9 min

Peak Storage= 187 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.49'
Bank-Full Depth= 1.75'  Flow Area= 7.9 sf,  Capacity= 25.6 cfs

1.00'  x  1.75'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.0 '/'   Top Width= 8.00'
Length= 190.0'   Slope= 0.0050 '/'
Inlet Invert= 290.00',  Outlet Invert= 289.05'
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Summary for Subcatchment 13: SC-5

Runoff = 2.9 cfs @ 12.12 hrs,  Volume= 0.233 af,  Depth= 3.83"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type III 24-hr  010 YR Rainfall=5.06"

Area (sf) CN Description

11,986 98 Paved parking, HSG C
1,048 98 Unconnected pavement, HSG C

15,126 86 <50% Grass cover, Poor, HSG C
3,697 70 Woods, Good, HSG C

31,857 89 Weighted Average
18,823 59.09% Pervious Area
13,034 40.91% Impervious Area
1,048 8.04% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.6 50 0.0550 0.15 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 3.10"

1.9 300 0.0160 2.57 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

0.0 14 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.2 55 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

0.6 210 0.0100 5.90 4.6 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.010  

8.3 629 Total
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Summary for Reach 14: Grass Channel

Inflow Area = 0.731 ac, 40.91% Impervious,  Inflow Depth = 3.83"    for  010 YR event
Inflow = 2.9 cfs @ 12.12 hrs,  Volume= 0.233 af
Outflow = 2.8 cfs @ 12.17 hrs,  Volume= 0.233 af,  Atten= 5%,  Lag= 3.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Max. Velocity= 1.86 fps,  Min. Travel Time= 1.7 min
Avg. Velocity = 0.63 fps,  Avg. Travel Time= 5.1 min

Peak Storage= 289 cf @ 12.14 hrs
Average Depth at Peak Storage= 0.66'
Bank-Full Depth= 1.75'  Flow Area= 7.9 sf,  Capacity= 25.6 cfs

1.00'  x  1.75'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.0 '/'   Top Width= 8.00'
Length= 190.0'   Slope= 0.0050 '/'
Inlet Invert= 290.00',  Outlet Invert= 289.05'
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V. Hydraulic Analysis ~ (100-Year Design Storm) 

  

See Following Pages 

 



FL-DOT Report
Page  1 

Line To Type n - Len Drainage Area Time Time Inten Total Add Inlet Elev of HGL Rise HGL Actual Date:  07-14-2024

No Line of value of of (I) CA Q elev

struc C1 =  0.2 conc flow Elev of Crown Span Pipe Full Flow Frequency:  100 yrs

C2 =  0.5 in Total

C3 =  0.9 sect flow Elev of Invert Proj: 42215 ~ Pipes.stm

Incre- Sub- Sum Q Up Down Fall Size Slope Vel Cap

ment total CA

(ft) (ac) (ac) (min) (min) (in/hr) (cfs) (ft) (ft) (ft) (ft) (in) (%) (ft/s) (cfs) Line description

3 2 Grate 0.010 14 0.08 0.08 0.02 17.00 0.06 6.96 0.46 0.00 297.13 293.98 293.92 0.06 12 0.42 4.09 3.20
0.35 0.35 0.18 3.20 294.00 293.85 12 1.07 6.10 4.79
0.30 0.30 0.27 293.00 292.85 0.15 Cir

2 1 MH 0.010 55 0.00 0.08 0.02 17.06 0.22 6.95 0.46 0.00 297.40 293.73 293.48 0.24 12 0.45 4.08 3.19
0.00 0.35 0.18 3.19 293.75 293.20 12 1.00 5.90 4.64
0.00 0.30 0.27 292.75 292.20 0.55 Cir

1 End MH 0.010 250 0.00 0.08 0.02 17.28 1.03 6.91 0.46 0.00 297.40 292.86 291.21 1.65 12 0.66 4.52 3.18
0.00 0.35 0.18 3.18 293.10 290.70 12 0.96 5.78 4.54
0.00 0.30 0.27 292.10 289.70 2.40 Cir

NOTES:  Intensity = 127.16 / (Inlet time + 17.80) ^ 0.82  (in/hr)  ;  Time of flow in section is based on full flow. 42215 ~ SD

Hydraflow Storm Sewers 2008 v12.01
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Hydraflow Storm Sewers 2008
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VI. Erosion And Sedimentation Control Maintenance Plan 

i. Soil Erosion & Sediment Control Narrative 

In general, the erosion control methodology to be employed on the site involves the 

installation of straw wattles (Compost Filter Soxx) as shown on the plans to protect abutting 

properties.  These devices will remain in place until the earth disturbing activity is stabilized 

with loam and seed and grass is growing.   Loam and seeding, are permanent methods of site 

stabilization while the straw wattles placement is considered temporary erosion control 

methods.  If a significant amount of soil is tracked onto the roadway from the lot 

construction, then, at the direction of the Town Inspector, street sweeping will be performed. 

The disturbed portions of the entire site will be hydroseeded if construction including 

loaming and seeding has not been completed prior to October 1st of a season.  This will 

provide approximately three (3) or four (4) weeks growing season for the grass, which will 

serve to stabilize the site to accommodate spring runoff periods.  No other methods to 

stabilize the site for winter construction are necessary. 

During construction, and upon completion of construction, the project will require some 

maintenance of erosion control devices.  During construction, straw wattles must be 

checked every couple of weeks and after rainstorms, repaired and replaced as necessary 

due to sediment buildup behind it or on the device.  After large storm events, the cleaning of 

sediment may be necessary.  If storm events occur after the slopes and other areas, which 

are stabilized, have been planted but prior to seed germination, then replanting and re-

grading of those areas might be necessary.  This work will be performed by the developer on 

an as-needed basis, during the construction phase.     

The plan set contains the erosion control layout, while the storm drainage calculations 

attached hereto describe the soils which are present on the site, as well as the methodology 

for handling storm water flow on the property.   
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ii. Operation and Maintenance Procedures 

Compost Filter Sock 

Installation 

1. Perimeter control used for control of sediment in storm runoff shall meet Filtrexx Soxx 

Mesh Material and Filtrexx Certified FilterMedia specifications or equal.  

2. Perimeter control will be placed at locations indicated on plans and in a manner as 

directed by the Engineer or Manufacturer.  

3. Perimeter control should be installed parallel to the base of the slope or other disturbed 

area.  

4. Effective Soxx height in the field for 12” diameter Soxx should be = 9.5” high. 

5. Stakes should be installed through the middle of the perimeter control on 10 ft centers, 

using nominal 2 in by 2 in by 3 ft wooden stakes. 

6. Staking depth for sand and silt loam soils shall be 12 in.  

7. Loose compost may be backfilled along the upslope side of the perimeter control, filling 

the seam between the soil surface and the device, improving filtration and sediment 

retention.  

Inspection & maintenance  

Routine inspection should be conducted within 24 hours of a runoff event or as designated 

by the regulating authority. Perimeter control should be regularly inspected to make sure 

they maintain their shape and are producing adequate hydraulic flow-through. If ponding 

becomes excessive, additional perimeter control may be required to reduce effective slope 

length or sediment removal may be necessary. Perimeter control shall be inspected until 

area above has been permanently stabilized and construction activity has ceased.  

1. The contractor shall maintain the perimeter control in a functional condition at all times 

and it shall be routinely inspected.  

2. If the perimeter control has been damaged, it shall be repaired, or replaced if beyond 

repair.  

3. The contractor shall remove sediment at the base of the upslope side of the perimeter 

control when accumulation has reached 1/2 of the effective height of the Soxx, or as 

directed by the Engineer. Alternatively, a new perimeter control can be placed on top of 

and slightly behind the original one creating more sediment storage capacity without soil 

disturbance.  
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4. Perimeter control shall be maintained until disturbed area above the device has been 

permanently stabilized and construction activity has ceased.  

5. The FilterMedia will be dispersed on site once disturbed area has been permanently 

stabilized, construction activity has ceased, or as determined by the engineer.  

6. For long-term sediment and pollution control applications, perimeter control can be 

seeded at the time of installation to create a vegetative filtering system for prolonged and 

increased filtration of sediment (contained vegetative filter strip). The appropriate seed 

mix shall be determined by the engineer. 

 

Stabilized Construction Entrance - Developing Areas 

Definition 

 

A stabilized pad of aggregate underlain with filter cloth located at any point where traffic will be 

entering or leaving a construction site to or from a public right-of-way, street, alley, sidewalk, or 

parking area shall be provided. 

 

Purpose 

 

The purpose of a stabilized construction entrance is to reduce or eliminate the tracking of sediment 

onto public rights-of-way or streets. 

 

Conditions Where Practice Applies 

 

A stabilized construction entrance shall be used at all points of construction ingress and egress. 

 

Design Criteria 

 

1. Aggregate Size - Use 2-inch stone or reclaimed or recycled concrete equivalent. 

2. Thickness - Not less than 6 inches. 

3. Width - 10-foot minimum but not less than the full width of points where ingress or egress 

occurs. 

4. Length - As required, but not less than 50 feet (except on a single residence lot where a 

30-foot minimum would apply). 

5. Filter cloth - To be placed over the entire area to be covered with aggregate.  Filter cloth 

will not be required on a single-family residence lot. 

6. Piping of surface water under entrance shall be provided as required.  If piping is 

impossible, a mountable berm with 5:1 slopes will be permitted. 
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Maintenance 

 

The entrance shall be maintained in a condition which will prevent tracking of sediment onto public 

rights-of-way or streets.  This may require periodic topdressing with additional aggregate.  All 

sediment spilled, dropped, or washed onto public rights-of-way must be removed immediately. 

 

When necessary, wheels must be cleaned to remove sediment prior to entrance onto public rights-

of-way.  When washing is required, it shall be done on an area stabilized with aggregate, which drains 

into an approved sediment trapping device.  All sediment shall be prevented from entering storm 

drains, ditches, or watercourses. 

 

Criteria for Filter Cloth 

 

The filter cloth shall be a woven or non-woven fabric consisting only of continuous chain polymeric 

filaments or yarns of polyester.  The fabric shall be inert to commonly encountered chemicals, 

hydrocarbons, mildew, rot resistant, and conform to the properties of the following table: 

 

Light Duty 1-/ Heavy Duty 2-/ 

Roads         Haul Roads Test Fabric Properties 3/ Grade Subgrade Rough Graded Method 

 

Grab Tensile 

Strength (lbs.) 200 220 ASTM D1682 

Elongation at Failure (%) 50 60 ASTM D1682 

Mullen Burst 

Strength (lbs.) 190 430 ASTM D3786 

Puncture Strength (lbs.) 40 125 ASTM D751 

   modified 

Equivalent Opening Size 40-80 40-80 US Std 

   Sieve 

   CW-02215 

Aggregate Depth (in.) 6 10  -- 

 

1-/ Light Duty Road: Sites that have been graded to subgrade and where most travel would be single 

axle vehicles and an occasional multi-axle truck.  Trevira Spunbond 1115, Mirafi 100X, Typar 

3401, or equivalent. 

2-/ Heavy Duty Road: Sites with only rough grading, and where most travel would be multi-axle 

vehicles. Trevira Spunbond 1135, Mirafi 600X, or equivalent. 

3-/ Fabrics not meeting these specifications may be used only when design procedure and 

supporting documentation are supplied to determine aggregate depth and fabric strength. 
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VII. Appendix – Norse Environmental Services ~ Soil Logs 

  See Following Pages 
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

                   

A. Facility Information 
 

1.   Owner Information: 
   Greg Alexandris                                                

        Street Address: 
   9 Bancroft Street         

       Town: 
    Andover            MA     01810 

        City/Town          State                                   Zip Code 
__________________________________________________________________________________________                                        _ 

B. Site Information 

 

1.    (Check one) New Construction               Upgrade               Repair   
 

2.    Published Soil Survey available?          Yes        No          If yes:   Web Soil Survey     1”=1410      310   
                                                                           Year Published           Publication Scale              Soil Map Unit 

       Woodbridge              None  

             Soil Name                                      Soil limitations 
      

3.    Surficial Geological Report available?   Yes        No          If yes:   ________________    _________________        __________________              
                                                  Year Published              Publication Scale                   Map Unit                       
  

            _______________________________________________          ____________________________________________________________________________ 

       Geologic Material                                                      Landform 
 

             4.   Flood Rate Insurance Map: 
 

                  Above the 500-year flood boundary?       Yes              No                   Within the 100-year flood boundary?      Yes              No    

         

             Within the 500-year flood boundary?        Yes              No                   Within a Velocity Zone?                          Yes              No   
    

 

 5.    Wetland Area:   National Wetland Inventory Map     ____________________        ______________________ 
                                                                                              Map Unit                    Name                              

                                 Wetlands Conservancy Program Map   ____________________        ______________________ 
                                                                                               Map Unit                    Name             
                  

6.   Current Water Resource Conditions (USGS)    Aug/2022        Range:     Above Normal    Normal       Below Normal                            
                  Month/Year     

                                           
7. Other references reviewed: ___________________________________________________________________________________________ 
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

     

            C.  On-Site Review  

 

        Deep Observation Hole Number:  DH 1 – DH 4    12/12/22_          10:00 a.m.                Cloudy - 33F          

                                                                                       Date        Time                       Weather 

         1.  Location 
 

        Ground Elevation at Surface of Hole: See Plan 

 

      Location (Identify on Plan): See Plan 
        
 

           2.  Land Use:  Residential site – farm field            None               Varies          

                                                         (e.g. woodland, agricultural field, vacant lot, etc.)                                                         Surface Stones                    Slope (%) 
 

                      Grasses                     Drumloidal                          Back Slope               
                          Vegetation                               Landform     Position on landscape (attach sheet)  

 

          3.  Distances from:   Open Water Body  >10 ft.   Drainage Way    >100 ft.    Possible Wet Area  >100 ft     
                feet                                                       feet                                                                    feet 

Property Line  >10 ft.       Drinking Water Well                      Other    _______________                     
                                 feet                        feet 

 

        4. Parent Material:        Glacial Till                        Unsuitable Materials Present:   Yes     No       

 

If Yes:     Disturbed Soil      Fill Material      Impervious Layer(s)     Weathered/Fractured Rock      Bedrock   

 

 

        5. Groundwater Observed:   Yes     No   - Varies throughout the Deep Holes – See next page 
 

If Yes:      Depth Weeping from Pit _______________       Depth Standing Water in Hole ___ ____          
 

Estimated Depth to High Groundwater:     ___ ____           _______________                     
                                 inches                                        elevation 
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

 
Deep Observation Hole Number: DH-1     
 
 

Depth 
(In.) 

Soil 
Horiz
on/ 

Layer 

Soil Matrix: 
Color-Moist 

(Munsell) 

Redoximorphic Features 
(mottles) 

               

Soil 
Texture 
(USDA) 

Coarse Fragments  
% by Volume 

    

Soil Structure Soil 
Consistence 

(Moist) 

 
Other 

Depth      Color Percent Gravel Cobbles  
& Stones 

 
0-14” 

 
Ap 

 
10YR 2/2 

    
FSL 

   
Granular 

 

 
Friable 

 

 
14-33” 

 
Bw 

 
10YR 5/6 

 
 

 
 

 
 

 
FSL 

  
 

 
Weak Blocky 

 

 
Friable 

 
 

 
33-48” 

 
C 

 
2.5Y 5/3 

 
43” 

 
7.5YR 5/6 

 
20% 

 
SL 

   
Massive 

 
Friable 

 

            

            

            

            

 

 
Additional Notes:   ESHWT 43” / No Observed Water   
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

  

 
Deep Observation Hole Number: DH-2 
 
 

Depth 
(In.) 

Soil 
Horiz
on/ 

Layer 

Soil Matrix: 
Color-Moist 

(Munsell) 

Redoximorphic Features 
(mottles) 

               

Soil 
Texture 
(USDA) 

Coarse Fragments  
% by Volume 

    

Soil Structure Soil 
Consiste

nce 
(Moist) 

 
Other 

Depth      Color Percent Gravel Cobbles  
& Stones 

 
0-14” 

 
Ap 

 
10YR 2/2 

    
FSL 

   
Granular 

 
Friable 

 

 
14-28” 

 
Bw 

 
10YR 5/6 

 
 

 
 

 
 

 
FSL 

  
 

 
Weak Blocky 

 
Friable 

 
 

 
28-51” 

 
C 

 
2.5Y 5/3 

 
32” 

 
7.5YR 5/6 

 
20% 

 
SL 

   
Massive 

 

 
Friable 

 

 

            

            

            

            

 
 

Additional Notes:   ESHWT 32” / No Observed Water                                   ,    
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

 
 

 
Deep Observation Hole Number: DH-3 
 
 

Depth 
(In.) 

Soil 
Horiz
on/ 

Layer 

Soil Matrix: 
Color-Moist 

(Munsell) 

Redoximorphic Features 
(mottles) 

               

Soil 
Texture 
(USDA) 

Coarse Fragments  
% by Volume 

    

Soil Structure Soil 
Consistence 

(Moist) 

 
Other 

Depth      Color Percent Gravel Cobbles  
& Stones 

 
0-14” 

 
 Ap 

 
 10YR 2/2 

 
 

 
 

 
 

 
FSL 

   
Granular 

 

 
Friable 

 

 
14-25” 

 
Bw 

 
10YR 5/6 

 
 

 
 

 
 

 
FSL 

 
 

  
Weak Blocky 

 
Friable 

 
 

 
25-55” 

 
C 

 
2.5Y 5/3 

 
43” 

 
7.5YR 5/6 

 
15% 

 
SL 

  
 

 
Massive 

 
Friable 

 

 
 

 
 

 
 

 
 

   
 

  
 

 
 

 
 

 

            

            

            

 
 

Additional Notes:   ESHWT 43”/ No Observed Water     
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

 

 
 

Deep Observation Hole Number: DH-4 
 
 

Depth 
(In.) 

Soil 
Horiz
on/ 

Layer 

Soil Matrix: 
Color-Moist 

(Munsell) 

Redoximorphic Features 
(mottles) 

               

Soil 
Texture 
(USDA) 

Coarse Fragments  
% by Volume 

    

Soil Structure Soil 
Consistence 

(Moist) 

 
Other 

Depth      Color Percent Gravel Cobbles  
& Stones 

 
0-9” 

 
Ap 

 
10YR 2/2 

    
FSL 

   
Granular 

 
Friable 

 

 

 
9-24” 

 
Bw 

 
10YR 5/6 

   
 

 
FSL 

 
 

  
Weak Blocky 

 
Friable 

 
 

 
24-51” 

 
C 

 
2.5Y 5/4 

 
43” 

 
7.5YR 6/6 

 
20% 

 
SL 

  
 

 
Massive 

 
Friable 

 

            

            

            

            

 
 

Additional Notes:   ESHWT 43” / No Observed Water                                   ,    
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

    ______________________________________________________________________________________ 
                               

   D.  Certification 
 
   

I certify that I have passed the soil evaluator examination* approved by the Department of Environmental Protection  
and that the above analysis was performed by me consistent with the required training, expertise, and experience  
described in 310 CMR 15.017. 

 
 
________________________________________________            ________________________ 
Signature of Soil Evaluator                     Date 
 
            Maureen Herald______________________________            ___SE13578_______________ 
Typed or Printed Name of Soil Evaluator          Soil Evaluator Number 
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Soil Suitability Assessment 
Site: 9 Bancroft Street 

City/Town: Andover, MA 
Soil Evaluator/Soil Scientist: Maureen Herald – Norse Environmental Services, Inc.               

 

                     ______________________________________________________________________________________ 

                                E.  Test Pit Locations  

 

See Plan 
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VIII. Appendix – NRCS Soils Information  

  See Following Pages 
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Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
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Soil Survey Area: Essex County, Massachusetts, Northern Part
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Soil map units are labeled (as space allows) for map scales 
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imagery displayed on these maps. As a result, some minor 
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

310A Woodbridge fine sandy 
loam, 0 to 3 percent 
slopes

C/D 1.8 38.6%

310B Woodbridge fine sandy 
loam, 3 to 8 percent 
slopes

C/D 2.8 59.9%

310C Woodbridge fine sandy 
loam, 8 to 15 percent 
slopes

C/D 0.1 1.5%

Totals for Area of Interest 4.7 100.0%

Hydrologic Soil Group—Essex County, Massachusetts, Northern Part 42215 ~ 9 Bancroft Rd, Andover, MA

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/18/2022
Page 3 of 4



Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher
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Map Unit Description

The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions in this 
report, along with the maps, can be used to determine the composition and 
properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or 
more major kinds of soil or miscellaneous areas. A map unit is identified and 
named according to the taxonomic classification of the dominant soils. Within a 
taxonomic class there are precisely defined limits for the properties of the soils. 
On the landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is 
made up of the soils or miscellaneous areas for which it is named, soils that are 
similar to the named components, and some minor components that differ in use 
and management from the major soils.

Most of the soils similar to the major components have properties similar to those 
of the dominant soil or soils in the map unit, and thus they do not affect use and 
management. These are called noncontrasting, or similar, components. They 
may or may not be mentioned in a particular map unit description. Some minor 
components, however, have properties and behavior characteristics divergent 
enough to affect use or to require different management. These are called 
contrasting, or dissimilar, components. They generally are in small areas and 
could not be mapped separately because of the scale used. Some small areas of 
strongly contrasting soils or miscellaneous areas are identified by a special 
symbol on the maps. If included in the database for a given area, the contrasting 
minor components are identified in the map unit descriptions along with some 
characteristics of each. A few areas of minor components may not have been 
observed, and consequently they are not mentioned in the descriptions, 
especially where the pattern was so complex that it was impractical to make 
enough observations to identify all the soils and miscellaneous areas on the 
landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, 
however, onsite investigation is needed to define and locate the soils and 
miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.
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Soils that have profiles that are almost alike make up a soil series. All the soils of 
a series have major horizons that are similar in composition, thickness, and 
arrangement. Soils of a given series can differ in texture of the surface layer, 
slope, stoniness, salinity, degree of erosion, and other characteristics that affect 
their use. On the basis of such differences, a soil series is divided into soil 
phases. Most of the areas shown on the detailed soil maps are phases of soil 
series. The name of a soil phase commonly indicates a feature that affects use or 
management. For example, Alpha silt loam, 0 to 2 percent slopes, is a phase of 
the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an 
intricate pattern or in such small areas that they cannot be shown separately on 
the maps. The pattern and proportion of the soils or miscellaneous areas are 
somewhat similar in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an 
example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of 
present or anticipated uses of the map units in the survey area, it was not 
considered practical or necessary to map the soils or miscellaneous areas 
separately. The pattern and relative proportion of the soils or miscellaneous 
areas are somewhat similar. Alpha-Beta association, 0 to 2 percent slopes, is an 
example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and 
proportion of the soils or miscellaneous areas in a mapped area are not uniform. 
An area can be made up of only one of the major soils or miscellaneous areas, or 
it can be made up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is 
an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Additional information about the map units described in this report is available in 
other soil reports, which give properties of the soils and the limitations, 
capabilities, and potentials for many uses. Also, the narratives that accompany 
the soil reports define some of the properties included in the map unit 
descriptions.

Report—Map Unit Description

Essex County, Massachusetts, Northern Part

310A—Woodbridge fine sandy loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 2w686
Elevation: 0 to 1,420 feet
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Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Woodbridge and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Woodbridge

Setting
Landform: Ground moraines, hills, drumlins
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Crest
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Coarse-loamy lodgment till derived from gneiss, 

granite, and/or schist

Typical profile
Ap - 0 to 7 inches: fine sandy loam
Bw1 - 7 to 18 inches: fine sandy loam
Bw2 - 18 to 30 inches: fine sandy loam
Cd - 30 to 65 inches: gravelly fine sandy loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: 20 to 39 inches to densic material
Drainage class: Moderately well drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low 

to moderately low (0.00 to 0.14 in/hr)
Depth to water table: About 18 to 30 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 1.9 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C/D
Ecological site: F144AY037MA - Moist Dense Till Uplands
Hydric soil rating: No

Minor Components

Paxton
Percent of map unit: 7 percent
Landform: Ground moraines, hills, drumlins
Landform position (two-dimensional): Summit, shoulder
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Landform position (three-dimensional): Crest
Down-slope shape: Convex, linear
Across-slope shape: Convex
Hydric soil rating: No

Ridgebury
Percent of map unit: 6 percent
Landform: Depressions, ground moraines, drainageways, drumlins, 

hills
Landform position (two-dimensional): Footslope, toeslope
Landform position (three-dimensional): Head slope, base slope
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

Whitman, extremely stony
Percent of map unit: 1 percent
Landform: Drainageways, depressions
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

Sutton
Percent of map unit: 1 percent
Landform: Ground moraines, hills
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Linear
Hydric soil rating: No

310B—Woodbridge fine sandy loam, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2t2ql
Elevation: 0 to 1,470 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Woodbridge, fine sandy loam, and similar soils: 82 percent
Minor components: 18 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Woodbridge, Fine Sandy Loam

Setting
Landform: Ground moraines, drumlins, hills
Landform position (two-dimensional): Summit, backslope, footslope
Landform position (three-dimensional): Side slope
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Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Coarse-loamy lodgment till derived from gneiss, 

granite, and/or schist

Typical profile
Ap - 0 to 7 inches: fine sandy loam
Bw1 - 7 to 18 inches: fine sandy loam
Bw2 - 18 to 30 inches: fine sandy loam
Cd - 30 to 65 inches: gravelly fine sandy loam

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: 20 to 39 inches to densic material
Drainage class: Moderately well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Very low 

to moderately low (0.00 to 0.14 in/hr)
Depth to water table: About 18 to 30 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 1.9 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C/D
Ecological site: F144AY037MA - Moist Dense Till Uplands
Hydric soil rating: No

Minor Components

Paxton
Percent of map unit: 10 percent
Landform: Drumlins, ground moraines, hills
Landform position (two-dimensional): Summit, shoulder, backslope
Landform position (three-dimensional): Nose slope, side slope, 

crest
Down-slope shape: Convex, linear
Across-slope shape: Convex
Hydric soil rating: No

Ridgebury
Percent of map unit: 8 percent
Landform: Depressions, ground moraines, hills, drainageways
Landform position (two-dimensional): Toeslope, backslope, 

footslope
Landform position (three-dimensional): Base slope, head slope, dip
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

Map Unit Description---Essex County, Massachusetts, Northern Part 42215 ~ 9 Bancroft Rd, Andover, MA

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/14/2022
Page 5 of 7



310C—Woodbridge fine sandy loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 2w689
Elevation: 0 to 1,370 feet
Mean annual precipitation: 36 to 71 inches
Mean annual air temperature: 39 to 55 degrees F
Frost-free period: 140 to 240 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Woodbridge and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Woodbridge

Setting
Landform: Ground moraines, hills, drumlins
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Coarse-loamy lodgment till derived from gneiss, 

granite, and/or schist

Typical profile
Ap - 0 to 7 inches: fine sandy loam
Bw1 - 7 to 18 inches: fine sandy loam
Bw2 - 18 to 30 inches: fine sandy loam
Cd - 30 to 65 inches: gravelly fine sandy loam

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 20 to 39 inches to densic material
Drainage class: Moderately well drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low 

to moderately low (0.00 to 0.14 in/hr)
Depth to water table: About 18 to 30 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 1.9 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C/D
Ecological site: F144AY037MA - Moist Dense Till Uplands
Hydric soil rating: No
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Minor Components

Paxton
Percent of map unit: 10 percent
Landform: Ground moraines, hills, drumlins
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex
Hydric soil rating: No

Ridgebury
Percent of map unit: 4 percent
Landform: Depressions, ground moraines, hills, drainageways, 

drumlins
Landform position (two-dimensional): Footslope, toeslope
Landform position (three-dimensional): Head slope, base slope
Down-slope shape: Concave
Across-slope shape: Concave
Hydric soil rating: Yes

Sutton
Percent of map unit: 1 percent
Landform: Ground moraines, hills
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Linear
Hydric soil rating: No

Data Source Information

Soil Survey Area: Essex County, Massachusetts, Northern Part
Survey Area Data: Version 18, Sep 9, 2022
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