NORTH ALBUQUERQUE ACRES

AND

SANDIA HEIGHTS-SOUTH

DRAINAGE STUDY

INFRASTRUCTURE PLAN - PHASE I

VOLUME I

Prepared For:

[image: image1.png]



Bernalillo County Public Works Division

Prepared By:
[image: image2.wmf]
ENGINEERS AND ENVIRONMENTAL SCIENTISTS

1720-B Randolph Rd. SE, Albuquerque, NM  87106

Telephone (505) 243-7300

Fax (505) 243-7400

rti@nmia.com

RTI Project No. 97-050

June, 1999
VOLUME I
TABLE OF CONTENTS

I.
Introduction
1

II.
Flood Prone Area Maps
2

III.
Existing Facilities
4

IV.
Drainage Infrastructure Plan for Sandia Heights-South
22

V.
Drainage Infrastructure Plan for North Albuquerque Acres - Phase I
27

VI.
Prioritization of Infrastructure Requirements
38

VII.
References
46




TABLES

Table 1
Summary of Manning=s N Values
3

Table 2a
Culvert Crossings - Sandia Heights South
8

Table 2b
Culvert Crossings - North Albuquerque Acres - Phase I
15

Table 3
Dip Section Crossings - Sandia Heights South
16

Table 4
Sandia Heights South Culvert Crossing DeficienciesGrouped by 100-year Discharge Rate
19

Table 5 
Sandia Heights South Dip Section Crossing DeficienciesGrouped by 100-year Discharge Rate
19

Table 6
Existing Storm Drain Capacity
21

Table 7  
Sandia Heights Proposed Drainage Structures
25

Table 8    
North Albuquerque Acres Proposed Drainage Structures
31

Table 9
Weighted Point System
39

Table 10  
Prioritization of Sandia Heights Drainage Infrastructure
40

Table 11
North Albuquerque Acres Proposed Drainage Infrastructure Ranked by Priority
42

I. Introductiontc \l1 "Introduction
A. General

The Infrastructure Plan for the North Albuquerque Acres and Sandia Heights-South Drainage Study (Phase I) is intended to provide guidance for future drainage infrastructure development in the study area and to assist both private engineering consultants and County Development Review staff in designing safe and functional home sites within the existing North Albuquerque Acres and Sandia Heights-South subdivisions.

The plan is provided in three volumes with an appendix.  This report is the first volume with its associated appendix that includes supporting information for the engineering analyses and cost estimates.   Volume II includes Flood Prone Area Maps and Drainage Infrastructure Maps shown by Zone Atlas Page.  Volume III provides Plan and Profile sheets for roads in the study area.

One of the objectives of the Drainage Study is to identify areas within North Albuquerque Acres where conscientious development on the part of home builders can take place without the requirement for a site specific Grading and Drainage Plan prepared by a Registered Professional Engineer.  A separate report has been prepared to discuss the criteria for these locations and to identify requirements for waiving the requirement for an Engineer-prepared Grading and Drainage Plan.  The report is under separate cover entitled the North Albuquerque Acres Site Grading and Drainage Report.  The Site Grading and Drainage Report also provides guidance for stormwater conveyance and erosion control features that can be adapted to specific sites in the study area.  

B. Study Area

The Phase I study area is bounded on the north by the Sandia Indian Reservation, on the east by the U.S. Forest Service land, on the west by Eubank Boulevard and on the south by San Antonio Avenue.  Most of the area east of Tennyson Avenue is made up of the Sandia Heights Subdivision, platted in the 1960's and largely built out in the 1970's and 80's.  The area west of Tennyson is largely made up of the North Albuquerque Acres (NAA) Subdivision, platted in the 1930's.  A quarter square mile portion of NAA was replatted in the early 1990's as the Primrose Pointe Subdivision.  Overall, NAA underwent little development prior to the late 1980's but in the last ten years approximately one-third of the one-acre lots, excluding Primrose Pointe and several large tracts owned by AMAFCA and used for flood control facilities, have been developed.
C. Hydrology

The hydrological analysis of the study area is presented under separate cover entitled Hydrology Report for North Albuquerque Acres and Sandia Heights-South.  It is based on similar studies performed by Resource Technology, Inc. for the AMAFCA La Cueva, El Camino and North Camino Master Drainage Plan and the FEMA Re-Study of the North and South Domingo Baca and North Pino Arroyos.  It is also consistent with the downstream hydrology for the City of Albuquerque=s North Albuquerque Acres Master Drainage Plan.
II. Flood Prone Area Mapstc \l1 "Flood Prone Area Maps
A. General

A hydraulic evaluation of major and minor arroyos in the study area was conducted on arroyos with future condition 100-year flow rates (Q100) greater than 10 cfs.  The analyses were performed to determine the need for hydraulic structures, erosion setback distances and energy grade line (EGL) elevations for arroyos not currently shown on Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS) mapping.  Flood Prone Area Maps were prepared to show EGL elevations and erosion setbacks based on these analyses.  The Flood Prone Area Maps provide standardized, specific information about required erosion setbacks and FIS floodplain information on a lot-by-lot basis.  The Flood Prone Area Maps are included as Volume II, Sheets 2 through 10.

B. Hydraulic Methodology

1. Minor Arroyos

The Energy Grade Line elevations for minor arroyos (Q100 between 10 and 100 cfs) were calculated using Manning=s equation or abbreviated HEC-RAS runs with two to four cross sections.  Representative cross sections were developed to characterize reaches of the arroyo using two-foot contour interval topographic mapping (T. Mann & Assoc., 1994).  Manning=s An@ values are reported in Table 1. 

EGL depths were developed for individual minor arroyo reaches with calculations made at arroyo junctions (where flow rates increase) or at significant changes in arroyo cross section.  EGL depths reported on the Flood Prone Area Maps are referenced to the lowest point in the arroyo flow line.  To determine the appropriate EGL depths at intermediate points linear interpolation can be used.  

Erosion setback (ESB) distances for minor arroyos were set at 25 feet on each side of the arroyo flow line.

2. Major Arroyos

Water surface profiles for major arroyos (Q100 > 100 cfs) were calculated using the U.S.C.O.E.  HEC-RAS computer program.  Future condition discharge rates from the Hydrology Report for North Albuquerque Acres/Sandia Heights Master Drainage Plan were used in the hydraulic analysis (BCPWD, 1998).  Arroyo cross section geometry was developed from two-foot contour interval topographical mapping (T. Mann and Assoc., 1994).  Cross sections were cut at 100-foot intervals along the arroyo centerline and at key sections such as roadway crossings.  Manning=s An@ values used in the analysis are given in Table 1.  Roadway culverts were accounted for in the HEC-RAS analysis where necessary.  

The reported Energy Grade Line elevations were based on a supercritical flow regime almost exclusively.  Exceptions to supercritical flow calculations were made at high roadway fill cross sections where a backwater could be created at which the HEC-RAS mixed flow regime option was used to establish a profile.  Results of HEC-RAS water surface profile calculations are provided in the Appendix.

EGL elevations are reported by station in tabular form on the Flood Prone Area Maps.  The maps also show the corresponding alignments and station (cross-section) location.  Flow velocity and depth were checked at cross sections located at existing dip sections to determine if BCPWD criteria were met (Section III.B).  

Erosion setback distance (ESB) for arroyos with 100 cfs< Q100<200cfs were calculated using the following equation:


ESB = (0.30)Q100
The above equation was developed by this consultant to provide for a smooth transition from the minimum erosion setback distance of 25 feet used for minor arroyos and the more theoretically rigorous methodology developed for AMAFCA in the Sediment and Erosion Design Guide (AMAFCA, 1994) that is applied to major arroyos.

Erosion setbacks for arroyos with Q100 >200 cfs were calculated using the AMAFCA Sediment and Erosion Design Guide methodology for center line setbacks.

	TABLE 1

SUMMARY OF MANNING=S n VALUES

	Natural Arroyo with Rock and Vegetation
	0.035
	Engineer=s Judgement

	Earth Bottom Channel 
	0.030
	(COA DPM, 1997)

	Asphalt Roadways
	0.017
	(COA DPM, 1997)


C. Map Information - Erosion Setbacks

The flood prone area maps show future condition 100-year flow rates, EGL elevations, erosion setbacks, FIS floodplains, and locations of major and minor avulsions.  EGL elevations are to be used to establish minimum pad elevations.   Erosion setback distances are controls on encroachments to arroyo channels.  The primary structure on a given property must be located no closer to the low point of the arroyo flow line than the erosion setback distance indicated on the Flood Prone Area Maps.  Where the 100-year flow rate is greater than 10 cfs drainage easements corresponding to the erosion setback line must be granted to the County at the time when a building permit is issued.  It is recommended that the easement be shown as one or more tangent lines with the maximum deviation from the true arroyo flow line being no more than one-quarter of the erosion setback distance.  However, the primary structure should be located more than the calculated ESB distance from the low point of the arroyo flow line.

III. Existing Facilitiestc \l1 "Existing Facilities
A. General

An inventory of existing road crossing drainage structures and storm drain facilities was conducted in the study area.  Road crossings included culverts and dip sections.  Field observations and culvert capacity calculations were used to determine if road crossings are acceptable when conveying the future condition 100-year discharge.  Road crossings of arroyos with 100-year peak discharge rates greater than 10 cfs were evaluated.  Existing storm drain facilities were evaluated to determine if they had adequate capacity to convey 100-year flows.  The inventory included arroyo crossings of collector and local streets in the study area but did not include driveway culverts.  Drainage structures with deficiencies were identified and a proposed remedy was developed.  This section describes the criteria and methods used in the inventory and summarizes the results.

B. Culvert Crossing and Dip Section Criteria

Deficiency criteria for crossing locations were developed based on the potential to cause injury and/or property damage when conveying the 100-year peak discharge flow.  Crossing deficiencies used in the evaluation are:


1. Avulsion

The culvert or dip section is unable to convey the 100-year peak discharge rate and the excess flow leaves the arroyo channel and seeks a different path.  The diversion of flow results in erosion and in some cases has the potential to damage property and cause personal injury.  

2. Velocity  Depth > 6.5 for Flow Crossing the Roadway (V  d > 6.5)

Crossings were given this deficiency if the product of flow velocity times flow depth (Vd) for the excess flow over the roadway is greater than 6.5.  This deficiency acknowledges the public safety concern associated with roadway overtopping because a vehicle crossing a flow under these conditions could potentially be swept downstream.  

3. Depth of Flow Over Roadway > 0.67' (d > 0.67')

A crossing has this deficiency if it is unable to convey the 100-year peak discharge rate and depth of flow over the roadway is greater than 0.67'.  This deficiency can occur in combination with a failure to meet Criteria 2.

4. Headwater Height to Diameter Ratio > 1.5 (HW/D > 1.5, culverts only)

This criteria compares the maximum depth of water at a culvert entrance (headwater) to the diameter of the culvert pipe.  If the required headwater depth is too great sedimentation will occur as the water ponds at the approach to the culvert entrance.  Sedimentation can occur to the point that the culvert is obstructed and flow will overtop the roadway.  A deficiency was given to culverts that had a ratio of headwater to diameter greater than 1.5.    

5. Backwater flooding (when criteria 1 through 4 are met, culverts only)

Culvert crossings were examined for potential for flooding from water that backs up behind culvert entrances.  A deficiency was given if the potential for property damage from backwater flooding could exist that is distinct from avulsion or roadway overtopping.

C. Storm Drain Facility Criteria

Existing storm drains were evaluated for their capacity to convey the 100-year storm flow.  Capacity was calculated based on pressure flow with the hydraulic grade line (HGL) elevation below all manhole rim elevations plus street capacity based on flow being contained within the curb section.

D. Structure Evaluation Methodology

1. Field Survey of Existing Structures

Culvert and dip section crossings were identified using aerial photos, topographic mapping, and field investigation.  Crossing locations are shown on the Flood Prone Area Maps.  Existing culvert locations in NAA and SHS are noted by a number beginning in CV followed by the Zone Atlas Page number and an individual identification number.  Existing dip section notations in Sandia Heights - South begin with DS, the Zone Atlas Page number, and an individual identification number. 

Culvert crossing locations and dip sections were inspected in the field.  The type, size, and number of culverts was documented and the maximum freeboard available was measured.  The condition of the culvert and the arroyo channel was noted for each location.  Crossing were examined to identify locations where flooding could occur from potential backwater conditions.  Table 2 lists the existing culvert crossings and their locations.  Dip sections were field checked to rule out or confirm the existence of an obstructed or abandoned culvert.  Table 3 lists existing dip section crossings.

Storm drain facilities were examined in the field and visually checked against as-built drawings in cases where the drawings were available.  In cases where as-built drawings were not available the elevations of storm drain manholes and reach lengths were measured in the field.

2. Culvert and Dip Section Capacity Calculations

The capacity of each culvert location was determined using the maximum headwater available at the culvert(s) as determined by field measurement.  Capacity calculations were made using inlet control conditions with engineering nomographs (FHWA, 1985).  Table 2 lists the maximum capacity for each culvert along with the 100-year discharge rate for that location.  For cases where the 100-year discharge rate exceeded the culvert capacity, the roadway alignment was examined to determine if overtopping would occur or if avulsion would result.  The depth of flow over the roadway was calculated where roadways were overtopped and the flow rejoined the flow path on the other side of the roadway.  Overtopping flow depths for flows less than 100 cfs were calculated with Manning=s equation using a cross-section developed from topographic mapping of the location.  Water surface profiles using HEC-RAS were developed for arroyos where the 100-year discharge rate exceeded 100 cfs.   Roadway flow depths were acquired from HEC-RAS cross-sections at road crossings.  Water surface profile calculations are described in Section II.

Flow depths and velocities for dip sections with flow rates less than 100 cfs were calculated using Manning=s equation for a cross-section developed from topographic mapping.  HEC-RAS water surface profile calculations were used to determine flow depth and velocity through dip sections with flow rates greater than 100 cfs.

3. Storm Drain Capacity Calculations

Capacity calculations for existing storm drains were made by first checking the maximum capacity of the components of the system against the expected 100-year flow and then making calculations based on whether gravity flow or pressure flow was expected.  Maximum gravity flow for the pipe was calculated using Manning=s Equation with a flow depth equal to 0.94 times the pipe diameter (Brater and King 1982).  In cases where gravity flow was expected to be exceeded the system was assumed to flow full and the elevation of the HGL was determined.  Friction slopes were calculated using Manning=s Equation to determine the elevation of the water surface at manholes (Brater and King 1982).  HGL elevation calculations began at a known water surface elevation and proceeded upstream.  Street flow calculations were made for locations where storm drain capacity was exceeded using nomographs  in the City of Albuquerque Development Process Manual (COA 1997). 

E. Sandia Heights South

1. Culvert Inventory

Ninety-six existing culvert crossings and thirty-five dip section crossings were inventoried in Sandia Heights South.  Fifty of the Sandia Heights-South crossing locations were given a deficiency when conveying the 100-year peak discharge -- thirty-six culvert crossings and fourteen dip sections.  Table 2A lists culvert locations and any identified deficiencies.  Table 3 lists dip section crossings and notes deficiencies.   Six culvert crossings have flow over the roadway that results in either velocity times depth exceeding 6.5 (three locations) or flow depth greater than 0.67' (three locations).   Nine dip section crossings have a flow depth greater than  0.67' with five locations having a V  d > 6.5.  Roadway overtopping results in avulsion at nineteen culvert crossings and five dip section crossings.  Eleven culvert crossings have a headwater to diameter ratio exceeding 1.5 as their only deficiency.  Backwater flooding was not identified as a deficiency.  Tables 4 and 5 show deficient Sandia Heights South crossing locations grouped by discharge rate.  

2. Storm Drain Inventory

Existing storm drains in Sandia Heights South consist of facilities placed to intercept flows associated with development along the east side of Tennyson Street from Tramway Lane to San Antonio Drive.  Table 6 lists the storm drains identified and inventoried.  The Flood Prone Area  Maps show the locations of the existing storm drains.  Existing storm drains in Sandia Heights South were found to be adequate under the previously mentioned criteria.  Pressure flow conditions were predicted at the southernmost end of the Tennyson Street drain system (San Rafael to San Antonio) but it was determined that the HGL would be below manhole rim elevations.  Storm drains are shown on the Drainage Infrastructure Maps, presented as Volume II, Sheets 12 through 20.

	TABLE 2A

CULVERT CROSSINGS - SANDIA HEIGHTS SOUTH

	Road Name


	Location

Number


	Type


	Dimensions


	Capacity

(cfs)
	100-year Discharge Rate

(cfs)
	Comments



	Bighorn Ridge Drive
	CV-C23-04

STA 29+90
	RCP
	30"
	34
	405
	$ d > 0.67'

	
	CV-C23-50

STA 25+95
	RCP
	24"
	26
	8
	

	
	CV-C23-51

STA 17+40
	RCP
	24"
	26
	17
	

	Bighorn Ridge Road
	CV-C23-08

STA 11+75
	RCP
	2 - 36"
	120
	668
	$ V  d > 6

$ d > 0.67'

	
	CV-C23-09

STA 15+00

STA 15+70
	RCP
	1 - 24"

1 - 48"


	55

220

275 Total
	98
	

	
	CV-C23-10

STA 19+55
	RCP
	48"
	150
	105
	

	
	CV-C23-53

STA 30+55
	RCP
	30"
	38
	 < 10
	

	
	CV-C23-54

STA 24+40
	RCP
	15"
	15
	 < 10
	Heavy sedimentation in approach channel and pipe entrance (nearly plugged)

	Black Bear Loop
	CV-C23-31

STA 18+40
	RCP
	18"
	13
	 < 10
	Entrance nearly 2 silted in, heavy brush in approach channel and discharge area

	
	CV-C23-34

STA 30+05
	CMP
	24"
	22
	55
	$ HW/D > 1.5

$ Avulsion 

Entrance nearly a silted in, light brush in approach channel

	
	CV-C23-39

STA 26+40
	RCP
	18"
	13
	9
	Entrance a to 2 silted in, heavy brush at each end

	
	CV-C23-52

STA 15+40
	RCP
	12"
	6
	28
	Entrance nearly plugged with sediment

$ HW/D > 1.5

	Black Bear Road


	CV-C23-02

STA 28+65
	RCP
	2 - 24"
	52
	720
	$ HW/D > 1.5

$ Avulsion

	
	CV-C23-03

STA 12+40
	CMP

RCP


	2 - 39"  30"

2 - 24"


	67

46

113 Total
	1173
	$ HW/D > 1.5 (RCP)

$ Avulsion

	
	CV-C23-07

STA 35+35

STA 36+25
	RCP
	2 - 15"
	17
	514
	$ HW/D > 1.5

$ d > 0.67'

Pipes silted in

	
	CV-C23-35

STA 41+80
	RCP
	18"
	14
	45
	Entrance silted in, heavy brush in approach channel

$ V  d < 6

	Black Bear Road
	CV-C23-47

STA 31+45
	RCP
	24"
	26
	25
	Pipe silted in

	
	CV-C23-48

STA 29+35
	CMP
	18"
	10
	 < 10
	Entrance damaged, discharge end plugged with sediment

	Bluebird Lane
	CV-C23-19

STA 16+60

STA 17+30
	CMP
	2 - 24"
	44
	65
	$ HW/D > 1.5 

North culvert entrance damaged, both ends 2 silted in

	
	CV-C23-26

STA 23+15
	RCP
	42"
	82
	42
	

	
	CV-C23-29

STA 19+15
	CMP
	24"
	18
	15
	

	
	CV-C23-38

STA 13+05
	CMP
	18"
	12
	44
	$ HW/D > 1.5

	Cedar Hill Place
	CV-C23-43

STA 13+70
	RCP
	24"  18"
	16
	18
	

	Cougar Loop


	CV-C23-27

STA 33+55
	RCP
	24"
	21
	 < 10
	

	
	CV-C23-28

STA 36+50
	RCP
	24"
	26
	34
	$ HW/D > 1.5

$ V  d < 6

$ Entrance a silted in

	
	
	
	
	
	
	

	Juniper Hill Road
	CV-C23-01

STA 39+85
	RCP
	2 - 36"
	110
	718
	$ V  d > 6

$ d > 0.67'

	
	CV-C23-05

STA 55+40
	RCP
	30"
	30
	400
	$ V  d > 6

$ Avulsion

$ d > 0.67'

	
	CV-C23-11

STA 68+55
	RCP
	5 - 30"
	200
	908
	$ Avulsion

	
	CV-C23-16

STA 73+90
	RCP
	24"
	22
	29
	$ Avulsion

	
	CV-C23-18

STA 49+20
	RCP
	24"
	28
	77
	$  HW/D > 1.5

$ Avulsion

	
	CV-C23-45

STA 21+40
	RCP
	24"
	35
	32
	Entrance  blocked with debris

	
	CV-C23-46

STA 19+30
	RCP
	42"
	80
	158
	$ Avulsion

	
	CV-C23-49

STA 29+80
	RCP
	30"
	35
	13
	$ Entrance 2 silted in

	Live Oak Loop
	CV-C23-25

STA 21+75
	RCP
	2 - 42"

2 - 48"


	184

245

429 Total
	989
	$ HW/D > 1.5

$ Avulsion

	Live Oak Place
	CV-C23-32

STA 10+50
	RCP
	24"
	22
	65
	$ V  d < 6

	
	CV-C23-33

STA 14+00
	RCP
	24"
	22
	65
	$ d > 0.67'

$ V  d < 6

$ Does not restrict 100-yr access

	Live Oak Road
	CV-C23-56

STA 14+75
	RCP
	24"
	21
	 < 10
	

	Roadrunner Lane
	CV-C23-15

STA 13+50
	CMP
	2 - 24"
	34
	147
	$ Avulsion

$ Entrance 2 silted in

	
	CV-C23-40

STA 15+55
	CMP
	1 - 24"

1 - 18"


	16

7

23 Total
	59
	$ Avulsion 

$ Ends of 18" pipe damaged, silted in a of pipe diameter

	
	
	
	
	
	
	

	Tramway Lane


	CV-C23-14

STA 31+15
	RCP
	2 - 24"
	40
	218
	$ Avulsion

	
	CV-C23-22

STA 56+00
	RCP
	24"
	21
	104
	V  d < 6

	
	CV-C23-23

STA 54+20
	RCP
	24"
	26
	63
	$ HW/D > 1.5

$ Avulsion

$ V  d < 6

	
	CV-C23-24

STA 43+50
	CMP

RCP


	2 - 36"  24"

1 - 24"


	55

25

80 Total
	1195
	$ V  d > 6

$ d > 0.67'

AMAFCA Project Underway

	
	CV-C23-41

STA 18+35
	RCP
	12"
	6
	 < 10
	

	
	CV-C23-42

STA 21+80
	RCP
	24"
	25
	16
	Entrance a silted in

	
	CV-C23-55

STA 24+40
	RCP
	15"
	8
	7
	$ HW/D > 1.5

$ Q100 < 10 cfs

	White Oaks Drive
	CV-C23-17

STA 23+20
	RCP
	4 - 48"
	440
	971
	$ V  d > 6

$ d > 0.67'

	
	CV-C23-36

STA 13+95
	RCP
	18"
	15
	24
	$ HW/D > 1.5

$ V  d < 6

	
	CV-C23-55

STA. 24+40
	RCP
	15"
	8
	7
	

	Whitetail Road
	CV-C23-06

STA 12+45
	RCP
	30"
	35
	504
	$ Avulsion

$ d > 0.67', V  d = 5.8

	
	CV-C23-37

STA 19+70
	RCP
	18"
	14
	8
	

	San Antonio Drive
	CV-D21-01

STA 24+00
	CMP
	24"
	10
	4
	

	
	CV-D22-01

STA 88+2-0
	CMP
	24"
	18
	4
	

	Antelope Avenue
	CV-D23-02

STA 27+85
	RCP
	18"
	12
	192
	$ HW/D > 1.5

$ Avulsion

$ d > 0.67', V  d < 6

	
	CV-D23-37

STA 17+95
	RCP
	18"
	9
	50
	V  d < 6

	Big Horn Ridge Road
	CV-D23-38

STA 34+70
	RCP
	15"
	7
	34
	Entrance 2 silted in

V  d < 6



	Big Horn Ridge Road
	CV-D23-45

STA 43+10
	RCP
	15"
	11
	40
	$ Avulsion

$  HW/D > 1.5 

Entrance 2 filled with sediment

	Bluebell Drive
	CV-D23-26

STA 15+25
	RCP
	18"
	9
	9
	

	
	CV-D23-27

STA 12+35
	RCP
	24"
	21
	19
	

	Bobcat Boulevard
	CV-D23-13

STA 30+40
	RCP
	18"
	10
	72
	V  d < 6

	
	CV-D23-24

STA 14+60
	RCP
	24"
	18
	19
	V  d < 6

	
	CV-D23-25

STA 14+00
	RCP
	24"
	22
	29
	V  d < 6

	
	CV-D23-43

STA 17+60
	RCP
	15"
	7
	 < 10
	

	Eagle Ridge Drive
	CV-D23-47

STA 11+80
	CMP
	48"
	100
	97
	

	Eagle Ridge Lane
	CV-D23-50

STA 13+50
	CMP
	18"
	14
	24
	V  d < 6

	
	CV-D23-51

STA 10+80
	CMP
	18"
	11
	 < 10
	

	
	CV-D23-52

STA 14+70
	CMP
	2 - 36"
	96
	119
	V  d < 6

	Eagle Ridge Place
	CV-D23-48

STA 13+20
	CMP
	24"
	18
	41
	V  d < 6

	
	CV-D23-49

STA 15+30
	CMP
	2 - 30"
	52
	84
	V  d < 6

	Goldenrod Drive
	CV-D23-35

STA 13+20
	RCP
	24"
	27
	27
	

	Honeysuckle Drive
	CV-D23-39

STA 21+35
	RCP
	18"
	10
	 < 10
	

	
	
	
	
	
	
	

	Laurel Loop
	CV-D23-23

STA 32+10
	RCP
	24"
	26
	71
	$ HW/D > 1.5

$ V  d < 6

	
	CV-D23-30

STA 16+10
	RCP
	24"
	25
	33
	$ HW/D > 1.5

$ V  d < 6

	
	CV-D23-31

STA 14+25
	RCP
	18"
	12
	14
	$ HW/D > 1.5

$ V  d < 6

	
	CV-D23-32

STA 37+25
	RCP
	24"
	19
	22
	$ V  d < 6

	
	CV-D23-41

STA 30+45
	RCP
	24"
	22
	 < 10
	

	Lynx Loop
	CV-D23-04

STA 12+40
	RCP
	18"
	9
	147
	$ d > 0.67'

$ V  d < 6

Entrance 2 blocked with sediment

	Marigold Drive
	CV-D23-21

STA 21+25
	RCP
	24"
	19
	47
	

	
	CV-D23-34

STA 12+60
	RCP
	42"
	90
	50
	

	Quail Run Court
	CV-D23-29

STA 12+10
	RCP
	15"
	9
	17
	$ HW/D > 1.5

$ V  d < 6

	Quail Run Drive
	CV-D23-03

STA 13+90
	CMP
	42"
	65
	83
	$ Avulsion flows in      easement

	
	CV-D23-44

STA 19+40
	CMP
	42"  30"
	34
	76
	$ Avulsion flows in easement

	
	CV-D23-46

STA 13+90
	CMP
	42"
	60
	118
	$ Avulsion flows in easement

	Quail Run Loop
	CV-D23-20

STA 13+85
	CMP
	42"  30"
	40
	59
	$ HW/D > 1.5

$ Avulsion

	Red Oaks Loop
	CV-D23-06

STA 16+85
	RCP
	24"
	22
	106
	$ V  d < 6

	
	CV-D23-07

STA 25+45
	RCP
	24"
	17
	97
	$ Avulsion

	
	CV-D23-15

STA 13+80
	RCP
	24"
	17
	44
	

	
	CV-D23-16

STA 27+95
	RCP
	24"
	27
	11
	

	
	CV-D23-18

STA 34+70
	RCP
	24"
	15
	 < 10
	

	Tramway Lane
	CV-D23-01

STA 83+95
	RCP
	18"
	14
	221
	$ HW/D > 1.5

$ V  d < 6

	
	CV-D23-08

STA 137+00
	RCP
	24"
	16
	89
	$ V  d < 6

	
	CV-D23-14

STA 108+45
	RCP
	24"
	28
	62
	$ HW/D > 1.5

$ V  d < 6

	
	CV-D23-17

STA 113+20
	RCP
	24"
	21
	43
	$ V  d < 6

	
	CV-D23-19

STA 129+80
	RCP
	24"
	22
	 < 10
	

	
	CV-D23-36

STA 133+05
	RCP
	24"
	18
	 < 10
	

	White Oaks Drive
	CV-D23-42

STA 33+50
	RCP
	15"
	8
	53
	$ HW/D > 1.5

$ Avulsion 

Barrel a silted in


	TABLE 2B

CULVERT CROSSINGS - NORTH ALBUQUERQUE ACRES - PHASE I 

	Road Name


	Location

Number


	Type


	Dimensions


	Capacity

(cfs)
	100-year Discharge Rate

(cfs)
	Comments



	Eubank Boulevard
	B21-01
	CMP
	24"
	16
	<10
	

	Access Road
	CV-C22-15

STA 14+40
	RCP
	24"
	22
	15
	

	Anaheim Avenue
	CV-C22-04

STA 60+15
	RCP
	2 - 42"
	140
	92
	

	
	CV-C22-07

STA 57+50
	CMP
	24"
	30
	10
	

	
	CV-C22-08

STA 52+25
	CMP
	24"
	20
	5
	

	Corona
	CV-C22-16

STA 31+35
	RCP
	24"
	18
	6
	

	Cedar Hill Road
	CV-C22-13

STA 0+25
	RCP
	24"
	15
	< 10
	

	Lowell Street
	CV-C22-01

STA 22+20
	CMP
	3 - 30"
	120
	68
	

	
	CV-C22-02

STA 18+85
	CMP
	30"
	28
	34
	$ Avulsion

	
	CV-C22-05

STA 27+55
	RCP
	5 - 30"
	450
	150
	

	
	CV-C22-06

STA 32+60
	CBC
	4 - 10'  6'
	2200
	1292
	

	Oakland Avenue
	CV-C22-10

E. of Tennyson
	CMP
	24"
	22
	 < 10
	

	Signal Avenue
	CV-C22-17

STA 0+25
	RCP
	30"
	32
	48
	

	Tennyson Avenue
	CV-C22-09

STA 115+10
	CMP
	24"
	26
	 < 10
	

	
	CV-C22-11

STA 103+30
	CMP
	36"
	45
	15
	

	
	CV-C22-12

STA 95+55
	CMP
	48"
	110
	372
	$ Avulsion

	
	CV-C22-14

STA 88+10
	CBC
	2 - 10'  6'
	1240
	1207
	


	TABLE 3

DIP SECTION CROSSINGS - SANDIA HEIGHTS SOUTH

	Road Name
	Location Number
	100-year Discharge Rate (cfs)
	Comments

	Black Bear Road
	DS-C23-10

STA 44+00
	26
	$ V  d < 6

	Cougar Loop
	DS-C23-01

STA 15+00
	290
	$ d > 0.67'

	
	DS-C23-02

STA 25+50
	274
	$ Avulsion

	Juniper Hill Road
	DS-C23-07

STA 43+00
	14
	$ V  d < 6

	
	DS-C23-19

STA 25+00
	29
	$ Avulsion

	Live Oak Court
	DS-C23-13

STA 19+00
	996
	North Domingo Baca Diversion to South Domingo Baca Dam

$ V  d > 6

$ d > 0.67'

	
	DS-C23-14

STA 17+00
	996
	North Domingo Baca Diversion to South Domingo Baca Dam

$ V  d > 6

$ d > 0.67'

$ Improvement not required for 100-yr storm event access if DS-C23-13 is upgraded

	Live Oak Loop
	DS-C23-09

STA 11+00
	40
	$ V  d < 6

	
	DS-C23-15

STA 35+00
	979
	North Domingo Baca Diversion to South Domingo Baca Dam

$ V  d > 6

$ d > 0.67'

	
	DS-C23-16

STA 31+50
	10
	$ V  d < 6

	Pinon Hill Place
	DS-C23-05

STA 24+35
	640
	North Branch North Domingo Baca Arroyo

$ Avulsion

	
	DS-C23-06

STA 12+40
	640
	North Branch North Domingo Baca Arroyo

$ Avulsion

	Roadrunner Lane
	DS-C23-04

STA 22+50
	39
	$ V  d < 6

	Tramway Lane
	DS-C23-03

STA 27+00
	13
	$ V  d < 6

	
	DS-C23-08

STA 62+00
	100
	$ d > 0.67', V  d < 6

	
	DS-C23-12

STA 67+50
	1002
	North Domingo Baca Diversion to South Domingo Baca Dam

$ d > 0.67', V  d  = 4.8

	
	DS-C23-18

STA 37+00
	48
	$ V  d < 6

	Whiteoaks Drive
	DS-C23-11

STA 17+00
	12
	$ V  d < 6

	Bobcat Boulevard
	DS-D23-05

STA. 19+00
	10
	$ V  d < 6

	
	DS-D23-12

STA. 23+50
	2285
	South Domingo Baca Arroyo

$ d > 0.67'

$ V  d  > 6.5

	Eagle Ridge Drive
	DS-D23-14

STA 15+00
	34
	$ V  d < 6

	Honeysuckle Drive
	DS-D23-19

STA 13+75
	375
	$ V  d > 6.5

$ d > 0.67'

	Laurel Loop
	DS-D23-04

STA. 20+00
	91
	$ d > 0.67', V  d < 6

	
	DS-D23-13

STA 28+50
	24
	$ V  d < 6

	Lynx Loop
	DS-D23-01

STA. 20+00
	45
	$ V  d < 6

	
	DS-D23-02

STA. 29+00
	40
	$ V  d < 6

	
	DS-D23-11

STA. 36+00
	115
	$ V  d < 6

	Marigold Drive
	DS-D23-03

STA. 19+50(N)
	97
	$ V  d < 6

	
	DS-D23-07

STA. 14+50(N)
	61
	$ V  d < 6

	
	DS-D23-16

STA. 25+50(S)
	4245
	$ V  d > 6.5

$ d > 0.67'

	Morning Glory Place
	DS-D23-06

STA. 19+20
	36
	$ V  d < 6

	Paintbrush Drive
	DS-D23-18

STA 14+35
	47
	$ V  d < 6

	Quail Run Court
	DS-D23-08

STA. 14+00
	92
	$ V  d < 6

	
	DS-D23-10

STA. 19+00
	16
	$ V  d < 6

	Rockrose Road
	DS-D23-09

STA. 12+25
	17
	$ V  d < 6


	TABLE 4

SANDIA HEIGHTS SOUTH CULVERT CROSSING DEFICIENCIES

GROUPED BY 100-YEAR DISCHARGE RATE

	Q100
(cfs)
	Avulsion


	Roadway Overtopping
	HW/D >1.5

(only deficiency at that location)
	Backwater 

Flooding

(only deficiency at that location)

	
	
	Vd < 6.5
	Vd > 6.5
	
	

	
	
	d > 0.67'
	d < 0.67'
	d > 0.67'
	
	

	< 100

67 locations
	9
	
	--
	--
	10
	--

	100 < Q < 200

7 locations
	3
	1
	--
	--
	--
	--

	> 200 

14 locations
	7
	2
	--
	3
	--
	--

	Subtotals
	19
	3
	0
	3
	11
	0

	Total = 36


	TABLE 5 

 SANDIA HEIGHTS SOUTH DIP SECTION CROSSING DEFICIENCIES

GROUPED BY 100-YEAR DISCHARGE RATE

	Q100
(cfs)
	Avulsion


	Roadway Overtopping

	
	
	Vd < 6.5
	Vd > 6.5

	
	
	d > 0.67'
	d < 0.67'
	d > 0.67'

	< 100

20 locations
	1
	1
	--
	--

	100 < Q < 200

2 locations
	--
	1
	--
	--

	> 200 

9 locations
	4
	2
	--
	5

	Subtotals
	5
	4
	0
	5

	Total = 14


F. North Albuquerque Acres

1. Culvert Inventory

Nineteen existing culvert crossings were inventoried in North Albuquerque Acres.  Two locations were given a deficiency when conveying the 100-year peak discharge.  One of the existing deficient crossings results in an avulsion of approximately 6 cfs (CV-C22-02).  Because the 6 cfs avulsion is relatively small and will rejoin its original basin flow west of Lowell Street CV-C22-02 was not recommended for an improvement.  The culvert crossing for the La Cueva at Tennyson Street results in an avulsion of approximately 100 cfs (CV-C22-12).  Proposed improvements for this crossing and for improvements where drainage structures do not exist are discussed in Section V.  Table 2B lists culvert locations and associated deficiencies. 

2. Storm Drain Inventory

Existing storm drains in North Albuquerque Acres are found on Eubank Boulevard from San Rafael to Santa Monica and on Santa Monica connecting to the Eubank storm drain system.  These storm drains intercept flows from the former North Pino Arroyo and its tributaries south of Coronado Avenue and east of Lowell Street.   Extensive storm drains were installed as part of the Tramway Boulevard project and the Paseo del Norte intersection project in the late 1980's and early 90's.  Additional facilities were built as part of the subdivision process in Tennyson from San Rafael to San Antonio.  All if the existing North Albuquerque Acres storm drains were found to have adequate capacity.  Table 6 lists the storm drains and their locations.  Proposed storm drains are discussed in Section V.

3.  Street Review

The original road grid system imposed on North Albuquerque Acres by the 1930's platting has been problematic from a drainage stand point.  As dedicated roads have been bladed numerous minor tributaries as well as some major arroyos have been diverted along the road instead of crossing it.  As part of this drainage study road profiles were developed to maintain or help restore natural patterns.   This review of road profiles included numerous locations where Adust control@ paving has been put down as well as some of the Aengineered@ roads.  Not included were major facilities like Tramway Boulevard or the soon to be reconstructed Paseo del Norte.

	TABLE 6

 EXISTING STORM DRAIN CAPACITY 

	
	100-YR Street Cap. (cfs)
	Storm Drain Size (in)

and Location
	SD

Slope (%)
	SD Capacity (cfs)
	Q-100 YEAR (cfs)
	100-YR OK?

	Tennyson Storm Drain B Sandia Heights South

	San Francisco to San Rafael Sta. 26+50 

to 36+75
	20

20

20


	24 (Sta. 36+75 to 35+76)

24 (Sta. 35+76 to 33+18)

24 (Sta. 33+18 to 28+48)

30 (Sta. 28+48 to 27+82)

30 (Sta. 26+50 to 27+82)
	0
	16

28

23

47

47
	13

34

34

49

10
	Y

Y

Y

Y

Y

	San Rafael to San Antonio Sta. 10+00 

to 24+00
	24

24
	24 (Sta. 24+00 to 21+16)

30 (Sta. 21+16 to 19+77)

30 (Sta. 19+77 to 15+64)

36 (Sta. 15+64 to 11+49)

36 (Sta. 11+49 to 10+00)
	0.9%

1.2%

1.0%

0.5%
	20

42

38

43

22
	22

34

34

34

57
	Y

Y

Y

Y

Y(1)

	Corona to Anaheim 

Sta. N20+70  to N24+60
	
	24 (Sta. N24+60 to N23+25)

30 (Sta. N23+25 to N20+70)
	0.5%

0.75%
	15

33
	10

37
	Y

Y

	SD crossing Tennyson at Sta. N46+40
	
	36 (Crosses at Sta. N46+40)
	1.5%*


	47
	35
	Y

	Eubank Storm Drain B North Albuquerque Acres

	San Rafael to Santa Monica  Sta. 21+30 

to 29+50
	
	42 (Sta. 29+50 to 27+30)

48 (Sta. 27+30 to 24+30)

54 (Sta. 24+30 to 21+30)
	1.7%

2.6%

3.3%
	121

215

333
	111

142

283
	Y

Y

Y

	Santa Monica Storm Drain B North Albuquerque Acres

	At Eubank Sta. 9+50 

to 11+75
	
	54 (Sta. 11+75 to 9+50)
	4.5%
	386
	255
	Y


* Estimated

(1) HGL above top of pipe but does not rise above manhole rim elevation

IV. Drainage Infrastructure Plan for Sandia Heights-Southtc \l1 "Drainage Infrastructure Plan for Sandia Heights-South
A. Criteria

1.
General

The area east of Tennyson from San Antonio to the Pueblo of Sandia boundary is characterized by relatively steep slopes from 5 to 10% up the U.S. Forest Service boundary at the base of the Sandia Mountains.  Most of the area was platted in the 1960's and, east of Tramway, is served by a meandering paved road network that follows the natural contours of the land.  As originally developed the numerous arroyo tributary flow paths had culvert pipes or concrete paved dip-sections installed at most road crossings.  As previously mentioned, approximately half of these road crossing structures have inadequate capacity to meet current standards.

2. Road Crossing Criteria

The road crossing criteria discussed in Section III were utilized in determining proposed drainage improvements.  These include not only limitations on velocity and depth of flow but also limitations on headwater depth in relation to culvert diameter to control sedimentation problems.  Where possible road grades were left unchanged to avoid unnecessary driveway relocations and to comply with the wishes of local residents who seem to feel that the numerous dips and hills help to keep driving speeds down.  In a limited number of cases it was necessary to allow a portion of the 100-year flow to overtop the roadway while conveying the major portion of the flow in the proposed structure.  This was required because the cost associated with a larger structure was prohibitive or the vertical realignment necessary would require relocation of existing driveways.  At locations where limited roadway overtopping is allowed to occur the flow depth and depth times velocity criteria are met in the proposed design.  In other cases significant flows were allowed to continue to cross roads if there was a readily identifiable alternate access route to the affected home sites. 

3. Local Avulsions

The major avulsion issue in the Sandia Heights area is the potential for constricted or inadequate road crossing structures to force water into a new flow path during the course of a major storm.  This very issue has been raised at specific locations by FEMA during its review of Letter of Map Revision applications as well as in reference to the flood plain re-study effort for the North Domingo Baca Arroyo.  Therefore, the avulsion issue was given a major emphasis in the development of the infrastructure plan and the prioritization of proposed facilities.

B. Facilities Proposed by Future Public and Private Sector Projects

1. General

From the early 1980's to the early 1990's there were several major public works projects that had a significant impact on drainage issues in the area.  These included the AMAFCA dams on the North and South Domingo Baca Arroyos west of Tramway, the Tramway/Paseo del Norte Intersection Project (storm drains and channel improvements) and the Tramway Widening Project (storm drains).  In addition, there were minor storm drain improvements along Tennyson as part of the subdivision process.  These projects established the basic drainage infrastructure for the Sandia Heights area.  Future plans to date have included the following project.

2. North Domingo Baca Channel and Multibox Culvert on Tramway Lane

AMAFCA has developed plans and, at the time of this writing, is constructing a reach of channel on the North Domingo Baca Arroyo between Tramway and Tramway Lane.  At the eastern end of the project a multibox culvert for the Tramway Lane crossing is proposed.  

C. Major Elements of the Sandia Heights-South Infrastructure Plan

1. General

Of the fifty substandard drainage crossings in the Sandia Heights-South area thirty-two are relatively minor culvert improvements.  These involve either replacement of an existing structure with a larger pipe or the installation of additional barrels.  These improvements are identified on Table 7 by size and location, including preliminary construction cost estimates, and shown on the Drainage Infrastructure Maps.  The remaining eighteen proposed structures are of a more substantial nature and are shown on the Conceptual Design Plan and Profile Sheets, consisting of either concrete box culverts or four or more 48" culvert pipes.  These are described in more detail below.  Existing storm drain facilities in Sandia Heights-South were found to be adequate.  

2. Main Branch of the North Domingo Baca Arroyo

The main branch of the North Domingo Baca Arroyo enters Sandia Heights near the east end of Cedar Hills Road at Pinon Hill Place.  The proposed revised floodplain adversely impacts several existing homes on Pinon Hill Place.  The arroyo flows to the west and crosses Tramway Boulevard midway between Live Oak Road and Cedar Hill Road.  Immediately east of Tramway Boulevard AMAFCA is constructing a channel and a multi box culvert on Tramway Lane.  Additional structures are required at the following locations:

-
Sta 12+50 and Sta 24+35
Pinon Hill Place
5-48" CMP Culverts and a 72" RCP Storm Drain

-
Sta 12+50


Black Bear Road
3-10'x5' Concrete Box Culverts

-
Sta 28+60


Black Bear Road
2-10'x5' Concrete Box Culverts

-
Sta 39+85


Juniper Hill Road
2-10'x5' Concrete Box Culverts

3. North Domingo Baca Tributary

A major tributary to the North Domingo Baca Arroyo enters Sandia Heights near the intersection of Bighorn Ridge Drive and Bighorn Ridge Road.  It joins the main branch of the North Domingo Baca just east of the proposed structure at Sta 12+50 of Black Bear Road.  The following structures are proposed:

-
Sta 35+60 
Black Bear Road
1-10'x4' Concrete Box Culvert


-
Sta 12+50
Whitetail Road
1-10'x4' Concrete Box Culvert


-
Sta 55+40
Juniper Hill Road
1-10'x4' Concrete Box Culvert


-
Sta 29+50 
Bighorn Ridge Drive
1-10'x4' Concrete Box Culvert 

4. South Domingo Baca Tributary

A former southern tributary to the North Domingo Baca Arroyo was diverted to the South Domingo Baca Dam at Tramway and is now referred to as the South Domingo Baca Tributary.  It enters Sandia Heights in several smaller tributary channels along Bighorn Ridge Drive.  The proposed structures are:

-
Sta 68+00
Tramway Lane
3-10'x4' Concrete Box Culverts

-
Sta 17+00
Live Oak Court
2-10'x5' Concrete Box Culverts

-
Sta 21+60
Live Oak Loop
2-10'x5' Concrete Box Culverts

-
Sta 34+90
Live Oak Loop
10-48" CMP Culverts

-
Sta 23+85
Whiteoaks Drive
3-10'x4' Concrete Box Culverts

-
Sta 68+50
Juniper Hill Road
2-10'x5' Concrete Box Culverts

-
Sta 11+80
Bighorn Ridge Road
6-48" CMP Culverts

5. Main Branch of the South Domingo Baca arroyo

The main branch of the South Domingo Baca Arroyo enters Sandia Heights near the east end of Honeysuckle Drive.  It crosses Tramway Boulevard just south of San Bernardino Avenue.  A concrete lined channel extends east from the bridge at Tramway to just west of Bobcat Boulevard.  A structure is proposed to replace an existing dip section on Bobcat Boulevard.

-
Sta 23+65
Bobcat Boulevard
6-10'x5' Concrete Box Culverts

6. Pino Arroyo


The Pino Arroyo enters Sandia Heights between Honeysuckle Drive and Eagle Ridge Drive.  It passes out of the project area south of San Antonio Avenue immediately before it crosses Tramway in a major concrete box structure.  The only proposed structure is a replacement for a dip-section at Marigold Drive.

-
Sta 21+60
Marigold Drive
10-10'x4' Concrete Box Culverts


INSERT TABLE 7  Sandia Heights Proposed Drainage Structures


TABLE 7 (cont)

V. Drainage Infrastructure Plan for North Albuquerque Acres - Phase Itc \l1 "Drainage Infrastructure Plan for North Albuquerque Acres - Phase I
A. Criteria
1. General

The area west of Tennyson from San Antonio to Elena is characterized by a relatively uniform 3 to 4 % gradient from east to west.  The street grid that was originally imposed over it at the time of the original plat has been largely maintained even though no consideration was given to drainage patterns.  Over the years, as streets and roads have been bladed in the decomposed granite soil, numerous minor arroyo tributaries and a few major arroyos as well have been diverted from their original flow path to follow a new course down the road cuts roughly parallel to the natural flow patterns.  The cumulative effect of these numerous flow diversions has been a substantial redirection of the natural drainage patterns to unpredictable new flow paths following the most recently graded available alignments.  Therefore, the proposed vertical alignments, and in some cases adjustments to the horizontal alignments, of existing unpaved roads should be seen as integral to the overall drainage plan for the area.  

2. Restoration and Maintenance of Natural Drainage Patterns

One of the major goals of the infrastructure plan is to restore to the extent possible the natural drainage patterns by the installation of sufficient road crossing structures to allow flow to cross the Right-of-Way instead of being diverted along the Right-of-Way.  In some cases, because of existing development or structures, this was not desirable or possible and provisions had to be made for the new flow path until it rejoined a natural arroyo or an engineered flood control facility with sufficient capacity.  In other cases, in order to make full use of existing flood control facilities flows have been re-routed or diverted in proposed facilities.  In most instances this is done in order to get flows to one of the two major AMAFCA detention dams or in some cases to the County=s future Paseo del Norte or Eubank storm drains.

3. Road Crossing Criteria

Where flows cross streets and roads the proposed structures are sized to meet the previously mentioned County road crossing standards.  These include not only limitations on velocity and depth of flow but also limitations on the headwater depth in relation to culvert diameter to limit sedimentation problems.  In some instances lined or paved road side ditches are proposed when flow within the public Right-of-Way is sufficient to justify these measures.  In these areas special attention will need to be given in the future to private driveway culvert installations so as to not restrict the ditch flow capacity.

4. Local Avulsions

There are numerous locations where the natural arroyos can potentially change flow paths either over time or during a major runoff event.  Most of the major arroyo avulsions are fully discussed in the AMAFCA La Cueva, El Camino and North Camino Arroyos Drainage Facility Plan (AMAFCA, 1998).  As part of this study effort additional minor avulsion locations have been identified, typically where one of the minor arroyos can follow alternate flow paths for a few hundred feet or more before rejoining the main (current) flow path.  In some cases this has been taken care of with adjustments to road grades.  In others, facilities have been proposed on private property to effectively mitigate the situation.  Since the benefit from these measures is largely to private property owners funding for many of these measures may be from the parties concerned.  In other cases, where the threat is to existing development or public facilities a more active County role could be justified.

B. Facilities Proposed by Future Public and Private Sector Projects

1. General

Over the last ten years there have been several planning efforts for public and private infrastructure in the North Albuquerque Acres area.  These have resulted in proposed drainage related projects that are in various stage of planning and design.  These have been incorporated in this study to ensure a properly functioning drainage system.  The major elements of these projects are discussed below:

2. Primrose Pointe

Primrose Pointe is a 160-acre subdivision currently under development located between Lowell and Tennyson north of Anaheim.  It is traversed by the main branch of the North Domingo Baca Arroyo and the southern tributary of the La Cueva Arroyo.  The North Domingo Baca Arroyo has recently been channelized in a Anaturalistic@ facility with armored sides and extensive grade control structures.  The facility terminates just west of Lowell after making the road crossing in a multiple concrete box structure.  A similar treatment is proposed for the South La Cueva Tributary when development proceeds to that portion of the site.  Since these designs are reviewed by BCPWD, AMAFCA and FEMA no further analysis of these facilities was conducted as part of this project.    

3. Paseo del Norte Storm Drains  

Planning for the future widening of Paseo del Norte has been in the planning stages for more than ten years.  The conceptual storm drainage plan was developed by AMAFCA in the early 1990's and is currently being implemented by the BCPWD=s consultant for the design of this major transportation facility.  The major elements of this plan are to collect road drainage and runoff from adjacent properties and discharge them to the South Domingo Baca Dam at Lowell and the North Domingo Baca Dam east of  Eubank.  Since these plans are in the construction design phase no further study effort was devoted to the Paseo del Norte corridor.    

4. Eubank Storm Drains

BCPWD is the lead agency on the North Eubank Corridor Study which includes the portion of Eubank from San Antonio to Paseo del Norte.  Preliminary drainage design is being coordinated between the County=s consultant on that project and this project.  The existing Eubank storm drain south of Coronado and the future Eubank storm drain from San Francisco to Palomas will serve as an outfall for most of the drainage west of Tennyson and south of Paseo del Norte in the project area. 

5.
Lowell and Palomas Storm Drains

The AMAFCA North and South Domingo Baca and Paseo del Norte Corridor Drainage Master Plan (AMAFCA, 1991) proposed storm drainage facilities in Lowell and Palomas that have been incorporated into this project.  The Lowell facility picks up runoff from south of the South Domingo Baca Dam and routes it to the dam through the emergency spillway.  This substantially reduces the flow to the future Eubank system. Downstream facilities on the South Domingo Baca Arroyo have been sized assuming this facility will be in place in the future.  Therefore, it is important to provide for the construction of this facility to preserve the overall functioning of the South Domingo Baca drainage system.  The Palomas facility was proposed to convey the discharge from the South Domingo Baca Dam principal spillway to the future Eubank storm drain.  This facility would eliminate the highly erosive detention dam surface discharge that currently travels overland for over a mile before it is intercepted by an improved facility at Holbrook. 

C. Major Elements of the North Albuquerque Acres Infrastructure Plan

1. General

The drainage infrastructure for North Albuquerque Acres is far less developed than that of Sandia Heights.  Given the history of the subdivision this is not surprising.  However, of the seventeen drainage structures evaluated only one proved to be deficient.  Numerous additional drainage structures are proposed; four storm drain systems; one major channel and two minor channelization projects; and 122 road crossing culverts and dip sections including eighteen major facilities described in more detail below.  All proposed structures are summarized, including construction cost estimates, in Table 8.  In addition, the proposed infrastructure plan emphasizes road and street alignment adjustments as well as providing for safe arroyo crossings and avulsion control.  The proposed road adjustments are an integral part of the drainage system.

2. Road Grades and Horizontal Alignments Adjustments

a. Road Grades

Included in the Infrastructure Plan are seventy-four preliminary roadway plan and profile sheets at 1"=100' for most of the non-engineered roads between Tennyson and Eubank.  These are attached as Volume III, Sheets 2 through 87.  The exceptions being those streets that will be constructed as part of the Primrose Pointe subdivision and those being designed as part of the County=s Paseo del Norte project.  The plan and profile (P&P) sheets cover approximately thirty-five miles of County roads and streets.  Where possible, consistent with providing reasonable sight distance and minimizing driveway relocations, the vertical alignments remain at existing grades.  Where necessary grades were raised to accommodate proposed culverts or to maintain drainage basin separation and in some cases lowered to provide for dip sections.  Also shown on the P&P sheets are the proposed roadway culvert pipes and concrete box culverts discussed below.

b. Horizontal Alignment Adjustments  

Also shown on the Plan and Profile sheets (Volume III) are several proposed adjustments to road horizontal alignments.  While these proposals are intended to provide drainage benefits by either eliminating costly road crossing structures or to minimize the impact of roadway embankments in floodplain areas, they also provide some relief to the overall rectangular grid system and help accomplish some of the goals of the County=s NAA Transportation Plan.  Proposed alignment adjustments include the following:

- Elena Drive
From approximately 600-feet east to 400-feet west of Lowell the La Cueva Arroyo runs in the original Elena right-of-way.  In this area a shift in the Elena alignment some 30-feet to the south is proposed to minimize its impact on the arroyo.  This places it in the general path of the roadway currently in use.  It is further recommended that a gap in road improvements be made by constructing cul-de-sacs on either side of the current arroyo crossing west of Lowell.  This cul-de-sac will eliminate the need for one major multi box culvert while having limited impact on property access.  A cul-de-sac in this general area was also proposed by the County=s NAA Transportation Plan. 

- Glendale
The La Cueva Arroyo also crosses through the intersection of Glendale and Browning.  In order to provide for safe access through this intersection given its current configuration three major multiple concrete box culverts or bridges would be required.  By shifting Glendale to the south on the east side of the intersection some 200-feet and by diverting a northern tributary to the main branch east of Browning this number can be reduced to one.  These proposed modifications are shown on the Plan and Profile sheets.

- Eagle Rock
The La Cueva Arroyo crosses the Eagle Rock/Eubank intersection in a fashion similar to the Glendale/Browning intersection.  A similar proposal for shifting Eagle Rock to the south some 200-feet would reduce the number of major drainage structures at this location from two to one.


INSERT   TABLE 8    North Albuquerque Acres Proposed Drainage Structures
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3.
Channelization

Given the low density development characteristic of the North Albuquerque Acres area channelization of the major arroyos was considered to be a measure of last resort.  The only major additional channelization project in the Phase I area made by the AMAFCA La Cueva, El Camino and North Camino Arroyo Facilities Plan (December 1998) is the reach of the La Cueva from Browning to Eubank.  Because of numerous major avulsion locations in this reach and the 300  to 500-foot wide floodplain an improved conveyance of some form is inevitable.  The most economical solution would be a soil cement or concrete lined channel following the general alignment shown on the P&P sheets.  While other arroyo treatments are feasible that might be more aesthetically acceptable or fit better into some yet to be defined open space or park scheme, such options would carry a more burdensome construction and right-of-way cost.  Therefore, unless some other entity covers the additional costs as part of their plan it seems likely that a lined channel will ultimately be constructed.  This proposed channel, following the lead of AMAFCA on this issue, is included on Table 8.  The structures associated with the channel are included as road crossing structures for Browning, Modesto and Eubank.

Other minor channelization proposals are:

-
Approximately 800-feet of riprap channel on the La Cueva Tributary south of Modesto to control Avulsion Number 2.

-
Approximately 300-feet of riprap channel on the La Cueva Tributary south of Double Eagle Elementary from the outfall of the proposed Lowell Storm Drain to the concrete box culvert at Richfield.  This channel, by reducing inlet energy losses, will allow for a single 10'x4' concrete box culvert at the Richfield road crossing.

4. Storm Drains

a. Proposed Facilities

While the primary focus of drainage improvements in this area was to maintain existing drainage patterns in the natural arroyos there were several locations where storm drains are being recommended in addition to those that are being planned as part of the Paseo del Norte and Eubank transportation projects.  These are:

-
A 78" storm drain from Lowell and Oakland to the south side of Double Eagle Elementary School parking lot to safely convey the 100-year flow rate of 750 cfs across Lowell without adversely impacting the school.   A desilting basin is proposed east of Lowell at the main storm drain inlet.

-
A 48"-54" storm drain in Palomas to convey the South Domingo Baca Dam discharge to a future Eubank storm drain.  The dam discharge is of extended duration and highly erosive and the provision of a closed conduit from the dam to Eubank was proposed by the AMAFCA North and South Domingo Baca Arroyos and Paseo del Norte Corridor Drainage Management Plan (AMAFCA, 1991).
-
A 48"-60" storm drain in Lowell from Coronado to the South Domingo Baca Dam to convey flows from several minor South Domingo Baca Arroyo tributaries to the dam.  This facility was also  proposed by the AMAFCA North and South Domingo Baca Arroyos and Paseo del Norte Corridor Drainage Management Plan (AMAFCA, 1991).
-
A 30"-96" storm drain in Eubank with an outfall to the existing South Domingo Baca Arroyo at Ranchitos.  While this is primarily a transportation related project the Eubank storm drain will function to collect several minor branches of the arroyo which currently join just west of Eubank near Ranchitos.  In order to keep the discharge at the outfall at existing condition 100-year levels until a facility is designed to convey flows from Eubank to Holbrook an interim 7-acre foot detention pond is proposed located between Pino and Ranchitos east of Eubank.

b. Related Storm Drain Issues

Other major storm drainage facilities were considered and rejected due to the excessive cost of the projects.  These included a possible major facility to pick up one or both branches of the southern tributary to the La Cueva Arroyo at Lowell and convey the flows to the diversion channel to the North Domingo Baca Dam at Browning in a large diameter pipe in Signal and/or Richfield.  Cost estimates associated with these alternatives are contained in the Appendix.  While the benefit of this proposal included the removal of more than twelve lots from floodplain the cost exceeded that of the adopted recommendation by over $500,000.  While the proposal has considerable merit it should probably not be pursued further unless the property owners come forward with a proposal to make up the differential cost.  Similar proposals for the conveyance of the North Domingo Baca Arroyo from Lowell to the NDB Dam were examined by an engineering consultant, Molzen-Corbin and Associates, for Bernalillo County Public Works in 1997.  While their report made no specific recommendations, the cost of the conveyance structures compared to the public benefit seemed excessive without substantial private property owner participation.

5. Major Culverts

a. General

Where major arroyos and their tributaries cross road and street right-of-way there is generally little alternative to providing either multi-pipe or concrete box culverts.  Our analysis of road crossing hydraulics indicates that in most cases the Bernalillo County Drainage Ordinance criteria for either depth < .67' or velocity times depth < 6.5 cannot be met for flows crossing normal to the street R/W of over 150 cfs.   This is in addition to the high water surface and avulsion potential of major flows over streets.  However, due to the expense of these structures our proposed facilities utilize a headwater to depth ratio of up to 1.5 and, in some cases, allow up to 150 cfs to flow over the road at the 100-year storm level.  At locations where limited roadway overtopping was allowed to occur the flow depth times velocity criteria is met in the proposed design.  The following are the major culvert installations (concrete box culverts or four or more 48" pipes) recommended for the Phase I portion of the North Albuquerque Acres area.  

b. El Camino Arroyo

The El Camino arroyo passes through the northwestern portion of the Phase I area, entering North Albuquerque Acres midway between Eubank and Browning.  All structures have been sized assuming that a major upstream avulsion from the North Camino, located near the access road to the Juan Tabo picnic area, has been controlled.

-
Sta 15+20
Florence Avenue
6-48" CMP Culverts

-
Sta 71+25
Eubank Boulevard
2-10'x4' Concrete Box Culverts

c. La Cueva Arroyo

The main branch of the La Cueva Arroyo enters North Albuquerque Acres near Elena and Lowell.  As indicated above, the Elena crossing has been eliminated by the placement of cul-de-sacs on Elena.  The number of other structures has been reduced by modifications to several street alignments.  Concrete Box Culverts are proposed at the following locations.

-
Sta 66+25
Browning Street
6-10'x6' Concrete Box Culverts

-
Sta 27+00
Modesto Avenue
2-10'x8' Concrete Box Culverts or bridge over channel.

-
Sta 56+50
Eubank Boulevard
2-10'x8' Concrete Box Culverts or bridge over channel.

-
Sta 46+00
Elena Drive

4-48" CMP Culverts


d. South La Cueva Tributary

There are two branches to the South La Cueva Tributary.  The northern branch enters North Albuquerque Acres after passing along the edge of Sandia Heights and under Tramway Boulevard in a 72" RCP that discharges just west of Tennyson, north of Modesto.  At Browning and Signal it is diverted to the North Domingo Baca Dam.
The southern branch enters North 

Albuquerque Acres at Cedar Hills and Tennyson.  After passing through Primrose Pointe it crosses Lowell and joins the northern branch at Browning.  The Lowell crossing will be part of the Primrose Pointe infrastructure.  Additional multiple concrete box structures are required at the following locations:

-
Sta 78+45
Modesto Avenue
2-10'x4' Concrete Box Culverts with downstream riprap channel, see discussion in Section V.C.3.

-
Sta 60+60
Richfield 

1-10'x4' Concrete Box Culvert (Approach to inlet is by riprap lined channel so does not have to be designed for inlet control, see Section V.C.3.)

-
Sta 22+35
Signal Avenue
3-10'x4' Concrete Box Culverts

-
Sta 32+00
Signal Avenue
3-10'x4' Concrete Box Culverts

-
Sta 40+50
Browning Street
4-10'x4' Concrete Box Culverts

e. Minor La Cueva Tributaries

There are several minor tributary arroyos that have significant flow rates prior to joining the main branch of the arroyo.  These require major structures at the following locations.

-
Sta 18+75

Elena Drive

4-48" CMP Culverts



-
Sta 46+00

Eubank Boulevard
4-48" CMP Culverts

-
Sta 60+30

Browning Street
4-48" CMP Culverts

f. North Domingo Baca Arroyo

The North Domingo Baca Arroyo is confined to an improved conveyance from Tramway Boulevard to Lowell Street, where it crosses in 4-10'x5' concrete box culverts built as part of the Primrose Pointe infrastructure.  It proceeds west to the North Domingo Baca Dam, crossing Corona Avenue twice.  Major structures are required at the following locations:

-
Sta 46+25
Corona Avenue
4-10'x4' Concrete Box Culverts

-
Sta 16+00
Corona Avenue
4-10'x4' Concrete Box Culverts

-
Sta 29+10 
Browning street
4-10'x4' Concrete Box Culverts

g. Pino Arroyo


The North Pino Arroyo is cut off and diverted to the Pino Dam at Tramway Boulevard.  A significant portion of the remaining flows west of Tramway are diverted south at the AMAFCA facility at Santa Monica between Lowell and Browning.  The last remaining significant tributary is intercepted by the Eubank storm drain interim pond north of Pino Avenue.  Major structures are required at the following locations:

-
Sta 15+50
Pino Avenue

1-10'x4' concrete Box Culvert

VI. Prioritization of Infrastructure Requirementstc \l1 "Prioritization of Infrastructure Requirements
A. General

The total estimated construction cost for the facilities listed in Tables 7 and 8, including the proposed La Cueva Channel from Browning to Eubank but not counting the significant amount of road related work, is $10,963,061.00.  This  is probably beyond the capacity of Bernalillo County to construct in the near future.  Therefore, a system of prioritization was established in order to determine the most critical components.

B. Scoring System

The scoring system adopted was weighted toward establishing threats to life and property as the highest priority.  Since avulsions carry increased risks simply because of the uncertainty they cause as well as the potential threat to life and property they were also given extra weight.  The following point system was used:

	TABLE 9

WEIGHTED POINT SYSTEM

	CONDITION
	POINTS

	Avulsion, Q > 100 cfs
	20

	Avulsion, Q < 100 cfs
	10

	Residential Flooding
	10/dwelling unit

	Depth of Flow over Road >.67'
	10

	Velocity X Depth > 6.5
	10

	Q > 200 cfs
	10

	100 cfs < Q < 200 cfs
	5

	Culvert Hw/d > 1.5
	5


C. Results

A total of 181 projects have been identified in Sandia Heights-South and Phase I of North Albuquerque Acres.   The results of the weighted scoring are shown on Tables 10 and 11, respectively.  The total score for each project ranged from 0 for many of the minor culverts in North Albuquerque Acres to 150 for the proposed La Cueva Channel.  Of the total of 181 structures, 108 had a score of 10 or higher.  These are the locations where there is a threat, under certain conditions, to public safety and/or private property.  These projects should be built as soon as funds are available.  Cooperation with transportation agencies and AMAFCA is essential not only in terms of pursuing common strategies but in finding ways to share in the cost and implementation of this plan.

The remaining structures are necessary to fully met the criteria discussed in this report but do not pose an immediate hazard to the public.  In most cases the installation of these structure can wait until future road and/or utility work is being done in the general area of the proposed structure.


INSERT TABLE 10  Prioritization of Sandia Heights Drainage Infrastructure
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