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City of Richwood, Texas Engineering Report for the Elevated Storage Tank

PURPOSE

The purpose of this Engineering Report (Report) is to evaluate alternatives for the construction of a new
elevated storage tank (EST) in the City of Richwood, Texas (City). The evaluation will include hydraulic
modeling to review the size, location, and potential modifications to the existing water storage
infrastructure. Hydraulic modeling will be used by Strand Associates, Inc.® (Strand) to evaluate how EST
placement and elevation might affect static pressures and fire flow availability. Results of the evaluation

are documented in the following.
EXISTING WATER DISTRIBUTION SYSTEM

Table 1 summarizes the major supply and storage facilities in the City’s water distribution system based
on information provided by the City. This Table includes the North Water Plant (NWP), which is currently

under construction.

High Service Well
. Street Address Storage Pumps | (State Well No.) Well Capacity |
75,000-gallon Well No. 1 .
| 720 North Mahan Street EST - (G0200035A) Inactive
Well No. 2 Pluaaed
(G0200035B) g9
Three 500-gpm
330,000-gallon Well No. 3
966 Brazosport Boulevard pumps at 150 feet
GST of TDH (G0200035C) 440 aom
Well No. 4 o
. | (G0200035D)
250,000-gallon
| 1051 FM 2004 | EST - - -
. Well No. 5
1003 1/2 Oyster Creek Drive | - - (G0200035E) 450 gpm
. Well No. 6
| 614 Audubon Wogds Drive - i - (G0200035F) 400 gpm
Three 450-gpm
R S0 et (WM congen
oty of TDH yers
FM = Farm-to-Market
GST = ground storage tank
gpm = gallons per minute
TDH = total dynamic head
Table 1 Major Water Distribution System Infrastructure
p— = —— = = ==

The City’s water distribution system is located within a single-pressure plane with two ESTs maintaining
the hydraulic grade line within the system. The overflow elevation of the two ESTs is approximately
137 feet based on information provided by the City. The City had 2,480 active connections as of
January 2022, also based on information provided by the City.

Table 2 summarizes the Texas Commission on Environmental Quality (TCEQ) Texas Administrative
Code (TAC) §290.45 Minimum Water System Capacity Requirements for community groundwater
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systems with greater than 250 connections and the City’s capacity ratings based on the information in
Table 1. Although the NWP is not actively in service, it has been added in the tables and calculations for
the purposes of this Report. As shown in Table 2, City infrastructure currently meets all capacity
requirements once the NWP is in service.

The City has a purchase point (located on the south side of the City) with Brazosport Water Authority.
The City is allowed to use up do 235,000 gallons per day. This allowance was distributed throughout the
day to be approximately 163 gpm per day. This amount is calculated into the Well Infrastructure Capacity
in Table 2.

For the pumping capacity TAC requirement, the lesser of two considerations must be used. The first is
the total capacity of 2.0 gallons per minute per connection (gpm/conn). The second is a minimum of
1,000 gpm and the ability to meet peak hourly demands with the largest pump out of service. The
peak-hour demand for the City is 0.5 gpm,; therefore, the second consideration was used for Table 2.

| Connections | Satisfies
30 TAC Infrastructure as of TCEQ
| §290.45 | Description = TCEQ Requirement Capacity | January 2022 City Capacity Requirement
. Well
. (b)(1)(D)(i} | Capacity | 0.6 . gpm/conn . 2,053 | gpm . 2,480 | 0.8278 _ gpm/conn Yes
Total
(b)(1)(DXii) Storage 200 gal/conn 1.005 MG 2,480 405.24 gal/conn Yes
. | Capacty | I | | |
Pumping
.(b)(1)(D)(m). Capacity 0.5 . gpm/conn _ 1,900 | gpm . 2,480 | 0.7661 _ gpm/conn Yes
Elevated
(b)(1XD)(iv) Storage 100 gal/conn 0.325 MG 2,480 131.05 gal/conn Yes
. | Capacity | ]
(bY1)}D)(v) Empeg‘?vt:r:cy 0.35 gpm/conn Not applicable; elevated storage criteria met.
MG = million gallons
gal/conn = gallons per connection
Table 2 City System Capacity Requirements
———— e L=

DEMAND PROJECTIONS

Based on historic growth and information provided by the City, Table 3 summarizes the anticipated growth
in connections for the City over the next ten years. This growth includes the complete build out for
Oakwood Shores (OS) subdivision, where the NWP is located.

Prepared by Strand Associates, Inc.® 2
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City of Richwood, Texas Engineering Report for the Elevated Storage Tank
Date ' Increase ' Connections
January 2022 ' - ' 2,480
January 2023 ' +97 conn ' 2,577
January 2024 ' +97 conn ' 2,674
January 2025 . +97 conn ' 2771
January 2026 +97 conn 2,868
January 2027 '_ +97 conn : 2,965

+50 conn per year
January 2028 through 2032 Total = +250 conn 3,215

Total ' +785 conn _ -
conn = connections

Table 3 Connection Projections

REVIEW OF HYDRAULIC WATER MODEL

The model includes all known water mains and all infrastructure noted in Table 1. The model simulates
well pumps as fixed inputs into the model and does not use pump curves. This is a simplification and
common practice in hydraulic modeling. The input matches the reported capacity of the wells.

C factors for all pipes within the model are set at 120, indicating the water model is likely not calibrated.
Pipe materials are only listed for approximately 10 percent of water mains in the water model, all of which
are listed as polyvinyl chloride. New water mains installed as part of the NWP project have been added
to the model. Pipe age is unknown for all other existing pipes in the water model and have an existing
year of installation defaulted to 1999. All existing pipes do have data sources listed, which is a good
indicator that the location, diameter, and connectivity of water mains in the distribution system are
accurate.

Demand estimates were increased in the OS subdivision to project complete buildout of the subdivision.
No changes to demand were made to the water model in other locations for the review of the system

improvements.

When reviewing the Appendices, consideration should be taken that these pressures are at ground
elevation. For areas that have multi-story buildings, these pressures will be lower than the range shown.
For approximation purposes only, these higher stories can be reduced one pressure range, or
approximately 5 pounds per square inch (psi) per story.

The hydraulic model was reviewed for both existing conditions and when OS is completely built out. As
shown in Appendix A, pressures in the northern portion of the City will continue to decrease as
development of OS increases. In Appendix B, available fire flows will decrease even in the central area
of the City, as OS development increases. It should also be noted in the model that fire flows less than
500 gpm occur at several locations where areas are served by water mains with pipe diameters equal to
or lesser than 4 inches.
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REVIEW OF ALTERNATIVES

The following alternatives were simulated to review proposed EST improvements. In all altemnative
options, the City's current 75,000-gallon EST is taken out of service. These alternatives are also
calibrated to show pressure demands based on OS being completely built out. The model reviewed how
the system would be affected constructing an EST at the current overflow elevation of 137 feet and
increasing the hydraulic gradient line (HGL) by 10 psi; therefore, raising the overflow elevation to 160 feet
for all ESTs in the system. The proposed EST locations are at the NWP site, in the northeast quadrant
of the FM 2004 and Highway 288B intersection (Intersection), and across Highway 288B at
City Hall (City Hall).

1. NWP Site

The results of the modeling for a new EST at the NWP can be found in Figures 1A and 1B of the
appendices. Figure 1A of Appendices A and B presents the modeling results with the EST constructed
at the existing overflow elevation and Figure 1B of Appendices A and B presents the results at an overflow
elevation of 160 feet.

Figure 1A of Appendices A and B shows that by constructing an EST at the NWP, pressures increase
within OS and the remainder of the City north of FM 2004. Pressures would also increase in areas north
of the 75,000-gallon EST to be taken out of service. The majority of the City would have average
pressures of 50 to 55 psi. Available fire flow increases from less than 1,000 gpm to more than 1,500 gpm
in the majority of OS. Flows northeast of the Intersection increase from 1,000 gpm being the maximum
to 1,000 gpm being the minimum.

Figure 1B of Appendices A and B shows the HGL being increased by constructing an EST at the NWP
with an overflow elevation of 160 feet as well as raising the existing 250,000-gallon EST to an overflow
elevation of 160 feet. If this is done, the entire City would have pressures of more than 60 psi. By
constructing an EST at the NWP at the raised overflow elevation, available fire flows continue to increase.
Much of the City would be able to have a minimum of 1,500 gpm available with this option.

2. Intersection

The results of the modeling at the Intersection can be found in Figures 2A and 2B of the appendices.
Figure 2A of Appendices A and B presents the modeling results with the EST constructed at the existing
overflow elevation and Figure 2B of Appendices A and B presents the results at an overflow elevation of
160 feet.

Figure 2A of Appendices A and B shows pressures would have a similar effect on the system in this
location as with the NWP location. Overall pressures would increase, and the City’s lowest pressure, at
ground level, would be 50 psi. Fire flow availability would increase throughout the northwestern and
central portions of the City better than at the NWP site. Fire flow would increase in OS, but not as
significantly as at the NWP site.

Figure 2B of Appendices A and B also has a similar effect on the system as with the NWP location. The
City would have pressures more than 60 psi for the whole system. Fire flow availability in OS would
overall increase to more than 1,000 gpm, with an even greater increase in the southern portion of OS of
more than 1,500 gpm.
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3. City Hall

The results of the modeling at the Intersection can be found in Figures 3A and 3B of Appendix A.
Figure 3A presents the modeling results with the EST constructed at the existing overflow elevation and
Figure 3B presents the results at an overflow elevation of 160 feet. As indicated in Figures 3A and 3B,
the City Hall alternatives did not show significant system pressure improvements when compared to the
other two alternatives. For this reason, available fire flow was not reviewed for this study.

Figure 3A shows that building an EST on the outskirts of the central area of the City would increase poor
pressures around Audubon Woods Drive and along the northern areas of Highway 288B. Pressures in
OS and on the western side of the City would not be affected.

Figure 3B shows, as with the previous two locations, pressures would significantly increase if the overflow
elevation was raised. However, only pressures south of FM 2004 would increase to more than 60 psi.
The pressures north of FM 2004 would still be less than 60 psi.

REVIEW OF FIVE- AND TEN-YEAR SYSTEM IMPROVEMENTS

Table 4 shows the TCEQ TAC §290.45(b)(1)(D)(iv) Minimum Elevated Storage Capacity Requirements
with and without the additional EST for the five- and ten-year growth projections, respectively.

Satisfies
TCEQ TCEQ
Description Requirement _ Infrastructure Capacity Connections | City Rating Requirement
_ _ Five-Year Projected Requirements (January 2027)
Without Additional EST 0.325 ] MG 109.6 gal/conn Yes
| With Additional '
150,000-gal EST | 100 = galfconn 0.475 MG 2,965 160.2 gal/conn Yes
With Additional ' ' ' ' '
200,000-gal EST L 0.525 | MG | 1771 gal/conn Yes
Ten-Year Projected Requirements (January 2032)
Without Additional EST 0.325 MG 101.1 gal/conn Yes
| ‘With Additional ' ' ' ' '
150,000-gal EST 100 | galfconn 0475 MG 3,215 147.7 gal/conn Yes
| With Additional | [ ' '
200,000-gal EST . 0.525 MG 163.3 . gal/conn Yes
Table 4 Projected Elevated Storage Capacity Requirements
e = — = e — L R e = ————

As shown in Table 4, without a proposed EST, the City is barely capable of meeting elevated storage
capacity requirements in ten years, indicating improvements are required to maintain compliance with
TCEQ requirements if growth continues as anticipated. Even in the five-year requirements, the elevated
storage capacity surpasses the 85-percent rule, as outlined in the TAC §291.93(3) and will require a
planning report submitted to the TCEQ executive director clearly explaining how the City will provide the
expected service demands to the remaining areas within its boundaries. Table 5 shows other
TCEQ TAC §290.45 Minimum Water System Capacity Requirements for other infrastructure in the City,
based on no improvements being made in those areas.

Prepared by Strand Associates, Inc.® 5
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o T T o Satisfies
30 TAC TCEQ Infrastructure City TCEQ
§290.45 Description _ _Requirement _Capacity ' Connections __Capacity | Requirement
- o ~Five-Year Projected Requirements (January 2027) I
bYDON | WeII 2ll Capacity 06 | gpm/conn | 2,053 | gpm [ 0.69 |_gpm/conn | Yes
(b)(1)D)i) | Total Storage Capaclty 200 _ ’ gallconn | 1.005 | MG 2,965 | 338.95 . gal/conn | Yes
(b)(1)(D)(iii) | Pumping Capacity _ | 05 | gpmiconn | 1,900 | gpm . 064 gpm/conn | Yes
(b)(1)(D)(v) Emergency Power _ 0 35 gpm/conn Not appllcable - elevated storage criteria met.

) ) Ten-Year Pro;ecteq Requlrements (January 2032) _ !
(b)(1)(D)i) | Well Capacity | 06 | gpm/conn | 2,053 = gpm 0 64 gpm/conn | Yes
(b)(1)(D)(ii)) | Total Storage Capacity | 200 gallconn | 1.005 | MG 3,215 312.60 galconn | Yes
(b)(1)(D)(ii) | Pumplng Capacity ' | 0. 5 gpm/conn | 1,900 gpm _ 0.59 gpm/conn | Yes
(b)(1)(D)v) Emergency Power 0.35 gpm/conn | ) Not applicable; elevated storage criteria met.

Table 5 Projected City System Capacity Requirements
R - i —— = e

Although all requirements are satisfied in Table 5, well capacity for the five- and ten-year projected
requirements surpasses the 85-percent rule. Pumping capacity for the ten-year projected requirements
is at the 85-percent threshold. Therefore, continued planning would still be required to address system

supply and demand.

It should also be noted that well pumps that pump directly into the system will be affected by increasing
the HGL. These pumps may need to be reviewed and modified to meet the new design point.

OPINION OF PROBABLE PROJECT COST (OPPC)

Tables 6 and 7 summarize the OPPCs for a 150,000-gallon and 200,000-gallon EST, respectively.
Table 8 summarizes the OPPC designed to elevate the existing 250,000-gallon EST.

Estimated
Description . Quantity Unit Cost Total Cost
' Foundation. 1 LS $250,000.00 $250,000.00
' 150,000-gallon welded steel, multi-leg EST with | 1 LS $775.000.00 $775,000.00
| wet riser. | _
_ Electrical controls and SCADA' A integration. 1 LS $125,000.00 $125,000.00
Sitework, gradlng, and seedmg 1 LS $5,000.00 $5,000.00
Subtotal $1,155,000.00
_ Contingency $231,000.00
Engineering—15% $208,000.00
I Total  $1,594,000.00
LS = lump sum
SCADA = supervisory control and data acquisition
Table 6 OPPC for 150,000-Gallon EST
R = == E——
Prepared by Strand Associates, Inc.® 6
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" | Estimated R
Description | Quantity Unit Cost _ Total Cost

Foundation. _ 1 s $300,000.00 _ $300,000.00
ZOO,QOO-gaIIon welded steel, multi-leg EST with | 1 LS $850,000.00 $850.000.00
wet riser. _ | | . S _ o
Electrical controls and SCADA integration. 1 Ls | $125,000.00 $125,000.00

- Sitework, grading, and seeding. [ 1 Ls | $5,000.00 $5,000.00

Subtotal  $1,280,000.00
Contingency $256,000.00
Engineering—15% $30,000.00
Total  $1,766,000.00

Table 7 OPPC for 200,000-Gallon EST

=== = " = —— = ==
| Estimated

| ~ Descripton | Quantity Unit Cost Total Cost
_Increase tank _eleve?tlon a maxu.num of ?3 fe.et by a 1 LS $525,000.00 $525.000.00
jack system with minor foundation modifications. | L | 7

| Traffic control. | 1 | Ls | $5,000.00 | $5,000.00
Electrical modifications. 1 LS $30,000.00 | $30,000.00
Sitework, grading, and seeding. [ 1 LS $5,000.00 $5,000:00

Subtotal $565,000.00

Contingency ~ $113,000.00
Engineering—15% $100,000.00
Total $778,000.00

Table 8 OPPC to Elevate the Existing 250,000-Gallon EST

Total OPPC for the proposed EST is approximately $1,594,000 for a 150,000-gallon EST and $1,766,000
for a 200,000-gallon EST. The total cost to elevate the existing 250,000-gallon EST is approximately
$778,000.00. These OPPCs do not include any acquisition costs that may be necessary.

The OPPCs are presenting in spring 2022 dollars. Construction and steel costs in particular have been
very volatile, with significant rates of inflation over the last year. Before proceeding with obtaining funding
with any approach, Strand highly recommends that current budgetary costs be obtained to reflect the
current economic conditions.

CONCLUSION

Based upon the projected growth, a new EST is required to meet TCEQ code requirements. Either a
150,000- or 200,000-gallon tank would satisfy these requirements. Given the relatively small increase in
cost, strong consideration should be given toward the larger tank, as it provides greater operation
capability when a tank is down for recoating and provides for greater future growth at a relatively low cost

per addition gallon.
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Based on Strand analysis, the location of the new EST north of FM 2004 appears to be most effective.
The actual location at either the NWP or Intersection is dependent upon where the anticipated growth
will occur. Either location is suitable.

Increasing the existing tank elevation and increasing the overflow elevation of the new EST can provide
additional system pressure and improve fire flows. Fire flows less than 500 gpm still exist but appear to
be more a function of the local pipe size than the HGL of the tank. Raising the EST is a significant effort
and may require modifications to all existing pumping equipment, in addition to raising the overflow of the
EST. Based upon the modeling, the existing EST and proposed EST should typically provide adequate
pressure, with all pressures generally staying above the minimum TCEQ code requirements.

Prepared by Strand Associates, Inc.® 8
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EXISTING CONDITIONS - AVAILABLE FIRE FLOW

SIOSBUIMBICNGL 0\0 LS MBEST-DOSHIHEN'S ied

PXW'E0” 2207 19POIN JBIEAN POOMLIIMY

yueblop sesn

2202iv/y ©1eq

C°‘_‘_n_t! Road 454
Legion

Legend
Available Fire Flow

@ <500gpm

@  500- 1,000 gpm

@ 1,000 - 1,500 gpm

L 1,500 - 2,000 gpm

@ >2,000 gpm ool oak
Pipe

4-inch and smaller

6-inch

c— 8_inch

e ] 2-inch

e 6-inch

uobluy PiU

WY E7°8G°01 -BWIL

El Lago

&
5
@
Q

{eupieD

oy peoy Kunod

.,%s
(°d

CQ"DQ,

%
2.
P

Zvo peoy Aunod

\

Big Slough

A

N




BUIMEIONG L VDS NBBSI—-00SIAIMENS Wed

PXUWE0” 2202 |8POINJBIBM POOMUDIE\SIONS!

Hueblop esn

WY 9€:81-0L 8wl

OWNLE R REVIEW (4/07/2022)
OS FULL BUILD OUT - AVAILABLE FIRE FLOW

County Road 454 N

Legion,

Legend

Available Fire Flow

El Lago

Ba‘?’"Op

<500 gpm
500 - 1,000 gpm
1,000 - 1,500 gpm

1,500 - 2.000 gpm

>2,000 gpm

feuipied

220y -8eg

Pipe r
4-inch and smaller
6-inch

u01Bibuy FIT

——{2-inch

s 1 6-INCH

1l
1\
Ill
Ilg
N
12=]
=)
=
|
“TopeIS

PGS / _ ~

0 1,500 3,000 ,

P ) F e et |

: T = |

5oy peoy Aunod

i
G
eo'
2,
[2:]

20 peoy Aunod

Big Slough




BUIMBICNG L OVDLSBES—D0SAIMAN'S (Uied

PXW €0 2202 1BPOIN IBIBAA POOMUDI\SIONS!

Huebiow Jesn

REVIEW (4/07/2022)
1A - NWP - AVAILABLE FIRE FLOW

ZZOZGE/E @eg

County Road 454
@ O

Legion

Legend Ellago
Available Fire Flow
@ <500 gpm
@ 500 - 1,000 gpm
@ 1,000 - 1,500 gpm
@ 1,500- 2,000 gpm
@ >2,000gpm
Pipe

4-inch and smaller

Wd GE:60:Z) ‘ewl]

o}
=8
6-inch
: o
. EA o
s 8-inch g |§
I'"<
e 1 2-inCh P
. 3 Big Slough
e 16-inCh '8 0 -
[3;] O
5
<
& '
o
)
a
| o—"
&
N
__EM2004
___EM2004= »
&
2 2
¥ ! (=3
(w] o 1—t
Tt
It
<2 T 1 A
‘f,a ~DOGWOOD'S
] £
g
?V
~
2 N
I T'o’ | o]
g 3
&
i
o) (o
\\é, - Oystéy Creek:
\C\\c’ B
- 1 = |
0 1,500 3,000 6,000 L
| —— . %
T\ L ]+ | ~Ap




BUIMBICING LOVDZGMEEST—00SHINEN'S WiBd

DXW'E0”ZZ0Z 1OPOW JOJBM POOMUDILSIONS!

Huebiow Jesn

LEOLBLIE 18

Wd Z5°L1:2L ewlL

OWN

REVIE'

1B - NWP - AVAILABLE FIRE FLOW

Gounty Road 454

Legion

Legend
Available Fire Flow
@ <500gpm
©  500-1,000 gpm
@  1,000- 1,500 gpm
@ 1,500 - 2,000 gpm
® >2,000 gpm
Pipe
4-inch and smaller

6-inch

uo}@jb\]\l' P

e 8-iNGH
s 12-inCh

s 1 G-iNCh

EM 2004
s 04 —— »
= 5
\ ]
(=%
[
o
12
;ré | |
2r\TTT, S
‘(’Dq 'DOGWOOD 'S 7
@ ; %
I
ol
[V
x‘ 4
= j
[ f=
L 0.,
o
3
""'\A
- “2}5 oysterJCreek
nc',\&

ASNER

0 1,500 3,000 6,000

| —— o

ST L il

_El Lago

Ba.g,,op

GOy peoy Aunod

. ’Poe
o
g
>

Coup,

Big Slough

|

2r0 peoy AunoQ

/07/2022)




OWNER REVIEW (4/0
2A - INTERSECTION - AVAILABLE FIRE FLOW

)

BUIMBICNG L OVOLSPABBSP--00SIATHANS Uled

PXWE0 ZZ0Z 1OPON ISIBA POOMUDIASIONS!

2Z0iIaeIE #eq yuebBlow Jesn

W BZ'GL:ZL el

ngion

s 8-iNCh
s 1] 2-iNCh

s ] G-iNCh

County Road 454
Legend
Available Fire Flow

@ <500gpm

@ 500-1,000gpm

@  1,000- 1,500 gpm

] 1,500 - 2,000 gpm

5] >2,000 gpm
Pipe

4-inch and smaller

6-inch

1o)UY Py

-8

El Lago

Auno)

S0V PeoM

g
w»

200 RO
= 5
| o0
— &
g I i
20\ h
BT [
ﬁa -pOGWOOD s 1
it N\
Q.
o%‘ ——
I 2
< |
[+]
=
C
.
. -
;5‘ -Oystéy Creek
X A l
0 1,500 3,000 :

e

Feetf | |

et W =

Zyo peoy Aunod

Big Slough




OWNER Rl W (4/07/2022)
2B - INTERSECTION - AVAILABLE FIRE FLOW

2
5
w
&
ﬁ AN
m .
§ County Road 454 N
& . _—ap-®
8 Legion ‘
3 Legend El Lago
Q
g . . Q
2| | Available Fire Flow éé’/
o] T /
2| @ <500gpm 4
g
g @ 500 - 1,000 gpm /
IE § S
g @® 1,000- 1,500 gpm §
Iz N
g ®  1,500- 2,000 gpm g
[}
1] (9]
()
'g =] >2,000 gpm \WooS ook |‘%‘
2| |Pipe L
4-inch and smaller
> $ ' Vla |
) \
6-inch 4 “y / L & ¢
= % ¥ 'S5 | e}
e 8-inCh g % g | 2
B | \ug l 2
e 2-iNCh ' g
‘ "~ |a Big Slough |
———— 16-inch \gayou Wo™> 3 o
c JEEUST A o £
F |
'E, o
rob 4 [ l%
~
S
g
w _FEM2004
2l AM200 === lo
] p—— &
S \ \3
| (D
o v
b3
B
)
i W ’DOGWOOD ST,
a = 1
: ___,I .

0 1500 3000 I
EFeet :
—\ | & il




