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Introduction: The Warehouse as Value Engine, Not Cost Center 
The warehouse sits at the intersection of supply chain strategy and operational execution. It is where 
inventory decisions become physical reality, where transportation economics meet order fulfillment 
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requirements, and where customer service levels are either achieved or missed. For decades, warehouses 
were managed as necessary cost centers — real estate and labor to be minimized. That framing has been 
fundamentally displaced by the recognition that warehouse performance directly drives revenue, 
customer retention, and working capital efficiency. 

 

A world-class warehouse operation delivers orders accurately and on time, manages inventory with 
precision, deploys labor efficiently, uses space effectively, and adapts to changing volume and product 
mix with minimal disruption. It accomplishes all of this while continuously improving — reducing cost per 
unit, improving accuracy, and increasing throughput without proportionate increases in resource 
consumption. 

 

This guide covers the complete warehouse and distribution operations discipline: facility design and layout 
principles, slotting optimization, the receiving and put-away process, the full order fulfillment cycle from 
pick through ship, warehouse management systems, labor management, dock operations, returns 
processing, and the continuous improvement practices that sustain warehouse performance over time. 
The Meridian Industrial Components case study shows a manufacturer consolidating its fragmented 
distribution infrastructure into a purpose-designed hub distribution center. 

 

 MERIDIAN INDUSTRIAL COMPONENTS — GUIDE 7 CONTEXT 
Through Guides 1-6, MIC rationalized its supply base, improved demand planning, optimized 
inventory, built supplier partnerships, and transformed its transportation network. Guide 1 
identified that MIC's network included three plants plus a central warehouse used primarily 
as an overflow location rather than a strategic distribution hub. The Guide 1 network redesign 
called for establishing a purpose-built hub distribution center (DC) to serve as the primary 
outbound fulfillment point and inbound consolidation hub. Guide 7 follows MIC's operations 
team through the design, launch, and optimization of the Midwest Hub DC. 

 

Section 1: Warehouse Design and Layout Principles 
The Warehouse as a System 
A warehouse is a system with inputs (inbound freight, supplier deliveries), processes (receiving, put-away, 
storage, picking, packing, shipping), and outputs (outbound orders, returned goods, waste). Effective 
warehouse design optimizes the entire system for the specific product characteristics, order profiles, and 
service requirements of the operation — not generic best practices applied without context. 

 

The most common warehouse design failure is designing for current requirements and discovering that the 
design cannot accommodate growth, changing order profiles, or new product types. Warehouse design 
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should be based on a 5-to-10 year demand projection for throughput volume, SKU count, order size 
distribution, and service level requirements — not just the current snapshot. 

 

Warehouse Layout: The Flow Principle 
Effective warehouse layout is governed by one overarching principle: maximize the flow of product through 
the facility with minimum travel distance and handling steps. Every unnecessary step, every non-linear 
product path, and every cross-flow between inbound and outbound streams adds cost, time, and error 
risk. The best layouts are those where product flows in a single, logical direction from receiving through 
shipping with no backtracking or crossing. 

 

Layout Type Flow Pattern Best For Key Advantage Key Limitation 

U-Shape 
(Through-
flow 
reversed) 

Receiving and 
shipping on same 
wall; product flows in 
a U pattern through 
the facility 

Facilities with 
limited dock doors; 
mixed 
inbound/outbound 
dock management; 
cross-docking 
operations 

Inbound and 
outbound docks 
share space, 
enabling flexible 
dock allocation; 
efficient for cross-
docking 

Travel distances 
can be long for 
large facilities; 
inbound and 
outbound 
operations can 
interfere with 
each other at 
dock 

I-Shape 
(Straight-
through) 

Receiving on one end; 
shipping on opposite 
end; product flows in a 
straight line 

High-throughput 
facilities; separation 
of inbound and 
outbound 
operations; 
facilities with clear 
flow separation 

Clean separation of 
inbound and 
outbound; no cross-
traffic; maximum 
flow clarity 

Requires docks 
on both ends of 
building; cannot 
mix inbound and 
outbound dock 
doors; larger 
footprint needed 

L-Shape Receiving on one leg; 
shipping on the other; 
product turns 90 
degrees through the 
facility 

Corner lots or 
irregular building 
shapes; operations 
where inbound and 
outbound must be 
on different building 
faces 

Flexible for irregular 
sites; clear flow 
separation 

Corner creates 
travel distance 
inefficiency; 
difficult to 
expand without 
disrupting flow 

Hybrid / 
Zone-Based 

Multiple flow paths 
optimized for different 
product types or 
velocity classes; fast-
movers on direct path; 
slow-movers in 
dedicated zone 

Large, complex 
operations with very 
different product 
velocity profiles; 
facilities combining 
ambient and 
temperature-
controlled storage 

Maximizes 
efficiency for each 
product type; allows 
concurrent flows for 
different order types 

More complex to 
manage; requires 
clear zone 
definition and 
transition rules; 
can create labor 
allocation 
challenges 
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Space Utilization: Cube Efficiency 
Warehouse space is priced and measured in square feet, but inventory is stored in cubic feet. The gap 
between these two dimensions — floor-level thinking versus cubic thinking — is the source of one of the 
most consistent inefficiencies in warehouse management. A warehouse operating at 65% floor utilization 
but 30% cubic utilization is leaving 40% of its usable storage capacity unused above the racking, even as it 
considers expansion. 

 

Storage System Best Application Cube 
Utilization 

Selectivity Cost Profile 

Selective Pallet 
Racking 

Standard reserve 
storage; mixed SKU 
pallets; any product 
that is stored and 
retrieved one pallet 
at a time 

Moderate: 
limited by 
aisle space 
(40-50% floor 
efficiency) 

Very high: 
100% access 
to every 
pallet 

Low investment; 
flexible; industry 
standard 

Double-Deep 
Racking 

High-volume, few-
SKU operations; 
where every 
location has 2+ 
pallets of the same 
SKU 

Higher than 
selective: 
fewer aisles 
needed 

Low: only 
front pallet 
immediately 
accessible; 
requires 
reach truck 

Moderate 
investment; 
specialized 
forklift required 

Drive-In / Drive-
Through Racking 

High-volume, very-
low-SKU-count 
operations; cold 
storage where 
minimizing air 
volume matters; 
LIFO product 
acceptable 

Very high: 
minimal aisle 
space 

Very low: 
LIFO only; 
limited 
access to 
individual 
pallets 

Moderate 
investment; slow 
cycle times; 
product rotation 
challenges 

Push-Back Racking Medium-velocity 
products; LIFO 
acceptable; 2-6 
pallets deep per 
lane 

High: 2-6 
deep storage 
with 
gravity/push-
back 
mechanism 

Moderate: 
front access 
only but 
gravity feeds 
next pallet 

Higher 
investment; good 
throughput for 
right product 
profile 

Pallet Flow (Gravity 
Flow) 

High-velocity 
products requiring 
FIFO rotation; 
perishables; high-
turn A items 

High: deep 
lane storage 
with 
automatic 
FIFO rotation 

Moderate: 
front access 
only; 
automatic 
FIFO from 
back 

Higher 
investment; 
excellent for 
high-velocity 
FIFO product 

Narrow Aisle / Very 
Narrow Aisle (VNA) 

High-cube 
environments 
where storage 
density is 

Very high: 
aisles 6-8 
feet vs. 11-13 
feet standard 

High: 
selectivity 
maintained 
with wire-

High investment 
(specialized 
forklifts + wire 
guidance + 
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paramount; large 
facilities justifying 
specialized 
equipment 

guided or rail 
equipment 

concrete floor 
requirements) 

Automated Storage 
and Retrieval 
Systems (AS/RS) 

Very high-density 
storage; high-
throughput 
operations; 
temperature-
controlled 
environments; high 
labor cost 
environments 

Extremely 
high: full 
cube 
utilization 
from floor to 
ceiling 

Computer-
controlled 
access to 
any location 

Very high 
investment; 
transformative 
throughput for 
right applications 

Mezzanine / Multi-
Level Pick Module 

High-SKU, small-
item, high-order-
count operations; e-
commerce picking; 
forward pick zones 
above reserve 
storage 

Very high: 
vertical 
stacking of 
pick 
locations 

High: pick-
level access 
to all SKUs 
on each level 

High investment; 
excellent for 
high-velocity 
piece-pick 
operations 

 

 BEST PRACTICE: DESIGN TO 85% UTILIZATION, OPERATE AT 80% 
Warehouse design targets of 100% utilization are operationally catastrophic. A warehouse 
operating at 100% capacity has no room for seasonal inventory builds, new product 
introductions, receipt of large inbound shipments, or any deviation from the assumed 
product mix. Design for 85% utilization at peak, and manage to 80% in normal operations. 
The 15-20% buffer is not wasted space — it is operational flexibility. Organizations that allow 
utilization to creep above 85% consistently experience degrading throughput, accuracy, and 
labor efficiency as congestion becomes the primary operational constraint. 

 

Section 2: Slotting Optimization 
Slotting is the assignment of specific SKUs to specific storage locations within the warehouse. It is one of 
the most impactful and most frequently neglected optimization opportunities in warehouse management. 
Poor slotting forces pickers to travel excessive distances, creates ergonomic hazards, and generates order 
fulfillment delays that have nothing to do with inventory availability or labor capacity. Optimal slotting 
reduces picker travel distance by 20-40% and improves picks per hour by 15-30% — with no additional 
capital investment. 

 

Slotting Principles 
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Slotting Principle Application Rationale Measurement 

Velocity-Based 
Slotting (Golden Zone) 

Highest-velocity items (A 
items by pick frequency) 
assigned to golden zone: 
waist-to-shoulder 
height, closest to pick 
start/end point; C items 
in top and bottom 
positions 

Minimizes travel and reach 
time for most frequently 
picked items; ergonomic 
benefit reduces fatigue and 
injury for high-touch items 

Picks per hour before 
and after; travel 
distance per order; 
ergonomic incident 
rate 

Cube-Based Slotting SKU assigned to slot size 
appropriate for its 
volume and 
replenishment 
frequency; large-unit 
items in pallet locations; 
small-unit items in bin or 
shelf locations 

Prevents space waste from 
over-slotted items; 
prevents under-slotted 
items that require frequent 
replenishment interrupting 
pick flow 

Slot fill rate (actual 
inventory vs. slot 
capacity); 
replenishment 
frequency per slot 

Family Grouping Related SKUs (same 
product family, same 
customer order 
frequency) slotted in 
proximity to each other 

Reduces travel when 
related items are 
frequently ordered 
together; improves multi-
line order picking efficiency 

Average travel 
distance for multi-line 
orders; order 
completion time 

Weight-Based 
Placement 

Heaviest items slotted in 
bottom pick positions or 
nearest shipping; 
lightest items in upper 
positions 

Ergonomic: heavy items 
should never require 
reaching overhead; 
package integrity: heavy 
items loaded first / on 
bottom of pick cart or 
carton 

Workers comp 
claims; package 
damage rate; 
ergonomic 
assessment scores 

Seasonal and 
Promotional Slotting 

Flexible slot 
assignments that shift 
based on seasonality or 
promotional events; A 
items for the season in 
prime slots; off-season 
items relocated to 
secondary positions 

Maintains slotting 
optimization as velocity 
profile changes with 
season or promotions 

Slot velocity index 
(actual picks per slot 
vs. slot tier 
benchmark); re-
slotting event 
frequency 

 

Slotting Analysis Process 
1. Pull pick history: Extract at least 90 days of pick history by SKU and pick location. Calculate picks 

per day, units per pick, and cube moved per day for each SKU. 
2. Classify by velocity: Rank all active SKUs by pick frequency (not unit volume). ABC classification 

by picks: A = top 20% of picks frequency; B = next 30%; C = bottom 50%. 
3. Map current slot assignments: Record current slot tier for each SKU. Identify mismatches: A 

items in C-tier slots; C items occupying golden zone locations. 
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4. Calculate travel distance impact: Estimate travel distance improvement from re-slotting 
mismatches. Prioritize re-slotting events by travel distance reduction opportunity. 

5. Execute re-slotting: Move items to optimal slots during low-volume periods. Update WMS slot 
assignments before physical moves. Verify WMS accuracy after each move. 

6. Review quarterly: Demand patterns change. Re-run slotting analysis quarterly; execute re-slotting 
events as needed to maintain optimization. 

 

 COMMON ERROR: SLOTTING BY SUPPLIER RATHER THAN BY VELOCITY 
One of the most common warehouse slotting failures is organizing storage by supplier or 
product category rather than by pick velocity — all items from Supplier A in aisle 3, all 
fasteners in aisle 7. This organization may seem logical for receiving and inventory 
management but is operationally counterproductive for order picking. A picker filling a multi-
line customer order must visit all the aisles where the ordered items live, regardless of their 
pick frequency. If high-velocity items are spread across all aisles by supplier, every order 
requires an end-to-end warehouse tour. Velocity-based slotting concentrates the high-
frequency picks into a small zone, reducing travel by 20-40% for most orders. 

 

Section 3: Receiving and Put-Away Operations 
Receiving is the gateway through which all inventory enters the warehouse. Its quality directly determines 
the accuracy of inventory records, the speed with which product becomes available for order fulfillment, 
and the financial accuracy of payables and inventory accounts. Receiving errors that are not caught at the 
dock become picking errors, shipping errors, customer complaints, and inventory discrepancies — all 
significantly more expensive to resolve than a receiving error caught at receipt. 

 

The Receiving Process 
 

Receiving 
Step 

Activity Quality Control Point Technology 
Support 

Common 
Failure Mode 

Advance 
Shipment 
Notification 
(ASN) 

Supplier sends 
electronic ASN 
before shipment 
arrives; WMS pre-
receives the 
shipment, creating 
expected receipt 
against open PO 

Verify ASN matches open 
PO: quantities, items, 
expected delivery date 

EDI 856 ASN; 
WMS pre-
receipt; dock 
scheduling 
system 

ASN not sent 
or inaccurate; 
WMS not 
configured to 
require ASN; 
receiving team 
bypasses pre-
receipt 

Dock 
Assignment 

Carrier checks in; 
dock assignment 
made based on 

Verify carrier identity; 
check appointment 
schedule; assign to 

Dock 
scheduling 
system (YMS); 

Unscheduled 
arrivals 
creating dock 
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and 
Scheduling 

product type, 
available doors, and 
inbound schedule 

appropriate dock 
(temperature, height, 
hazmat) 

carrier check-in 
kiosk 

congestion; 
wrong dock 
assigned for 
product type 

Physical 
Verification 

Count 
pieces/cases/pallets 
against bill of lading; 
verify seals on trailer; 
inspect for visible 
damage before 
unloading 

Note any 
overage/shortage/damage 
(OS&D) on POD before 
driver leaves; photograph 
damage 

RF scanner or 
mobile device; 
camera 
documentation 

Signing clean 
POD for 
damaged 
shipment; not 
noting OS&D 
before driver 
departs; time 
pressure 
overriding 
thorough 
inspection 

Product 
Identification 
and Counting 

Scan barcodes or 
RFID tags on received 
items; verify item 
identity and quantity 
against PO and ASN 

Blind receiving (count 
without reference to 
expected quantity) 
reduces tendency to 
accept whatever arrives; 
verify each line 

WMS barcode 
scanning; RFID 
readers at dock; 
voice-directed 
receiving 

Matching PO 
expectations 
rather than 
actual count; 
not scanning 
each item 
(case counting 
instead of 
piece counting 
for high-value 
items) 

Quality 
Inspection 

Sample inspection of 
received goods 
against quality 
specifications; full 
inspection for new 
suppliers or following 
quality incidents 

Record inspection results 
in QMS; tag and hold non-
conforming material 

WMS quality 
hold function; 
QMS 
integration; 
digital 
inspection 
records 

Skipping 
inspection 
under time 
pressure; 
sampling rate 
too low to 
catch 
systematic 
supplier 
quality issue 

System 
Receipt and 
Putaway 
Directive 

Confirm receipt in 
WMS; system 
generates put-away 
task with optimal 
location assignment; 
assign to put-away 
associate 

Verify WMS receipt 
matches physical count 
before generating put-
away tasks 

WMS put-away 
directive; RF 
scanner; voice 
direction 

Confirming 
receipt before 
physical count 
complete; put-
away to wrong 
location 
without WMS 
verification 

Physical Put-
Away 

Move product from 
staging area to 
assigned storage 
location; scan 

Scan both the item and 
the destination location 
before confirming put-
away 

RF scanner; 
barcode at every 
storage 
location; voice 
confirmation 

Putting away to 
wrong location 
without 
scanning; 
scanning 
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confirmation at 
destination location 

location but 
not item; 
overriding 
system 
location 
directive 

 

 BEST PRACTICE: BLIND RECEIVING 
Blind receiving is the practice of asking receiving associates to count what is physically on 
the pallet or in the carton and report that count to the WMS, without first seeing the expected 
quantity from the purchase order or ASN. This eliminates the unconscious bias toward 
accepting whatever arrives — if an associate expects 48 units, they often count until they 
reach 48 rather than counting accurately. Blind receiving discovers true receiving 
discrepancies that quantity-confirmation receiving misses. The WMS then compares the 
blind count to the expected quantity and flags discrepancies for supervisor resolution. The 
accuracy improvement consistently exceeds the modest additional receiving time. 

 

Cross-Docking: Receiving Without Storage 
Cross-docking is the process of transferring inbound freight directly from receiving docks to outbound 
docks with minimal or no storage in between. Product moves across the dock rather than into storage, 
dramatically reducing handling steps, storage cost, and fulfillment cycle time. Cross-docking is most 
effective when inbound shipments can be matched to outbound orders with minimal handling — a natural 
fit for retail replenishment, distribution of pre-sorted supplier shipments, and time-sensitive product flows. 

 

Cross-Dock Type Description When to Use Requirements Key 
Benefit 

Pre-Distribution 
Cross-Dock 

Supplier ships pre-
sorted, store-ready 
cases; receiver breaks 
supplier pallets into 
store-specific pallets 
without opening cases 

When supplier can 
sort by 
destination; retail 
distribution; 
supplier with 
strong order 
management 

Supplier capability 
to sort and label by 
destination; ASN 
accuracy; 
WMS/supplier 
integration 

Minimal DC 
handling; 
very fast 
throughput; 
labor cost 
reduction 
of 40-60% 
vs. put-
away and 
pick 

Consolidation 
Cross-Dock 

Multiple inbound 
shipments from 
different suppliers 
consolidated into a 
single outbound load 

When multiple 
suppliers ship 
small quantities to 
the same 
destination; 

Coordinated 
supplier delivery 
scheduling; dock 
space for staging; 
outbound load 

Converts 
multiple 
LTL 
inbounds 
into single 
TL 
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to a destination; no 
storage 

inbound 
consolidation hub 

consolidation 
timing 

outbound; 
freight cost 
reduction; 
simplified 
receiving 

Deconsolidation 
Cross-Dock 

Single large inbound 
shipment broken into 
multiple smaller 
outbound shipments 
to different 
destinations 

Import containers 
being broken down 
for regional 
distribution; 
distributor hub 
operations 

Sufficient dock 
space; outbound 
carrier 
coordination; WMS 
for carton-level 
tracking 

Avoids 
regional DC 
inventory 
holding; 
direct flow 
from 
import to 
destination 

Opportunistic 
Cross-Dock 

When a received item 
matches an open 
outbound order, 
bypass storage and 
route directly to 
outbound staging 

When inbound 
receipt can 
immediately fill 
outstanding 
customer order; 
demand > 
inventory situation 

Real-time WMS 
cross-reference of 
inbound receipt 
against open 
orders; fast 
outbound 
processing 
capability 

Reduces 
order cycle 
time; 
reduces 
storage 
handling; 
maximizes 
product 
velocity 

 

Section 4: Order Picking Methods and Optimization 
Order picking is the most labor-intensive operation in most warehouses — typically consuming 50 to 70 
percent of total warehouse labor hours. It is also the operation most directly linked to order accuracy and 
customer satisfaction. Picking method selection determines how efficiently that labor is deployed and how 
accurately orders are filled. The wrong picking method for a given operation profile is one of the most 
common and costly warehouse design errors. 

 

Picking Methods Compared 
 

Picking 
Method 

How It Works Best For Throughput Accuracy 
Potential 

Labor 
Efficiency 

Discrete 
(Single 
Order) 
Picking 

One picker, one 
order at a time; 
picker travels 
entire pick path 
to fill one order 
before starting 
next 

Low-volume 
operations; 
high-value 
orders 
requiring 
dedicated 
attention; 
operations 

Low to 
medium 

High: 
dedicated 
attention to 
one order; 
errors 
immediately 
visible 

Low: full pick 
path traveled 
for each order 
regardless of 
size 
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with few 
orders per day 

Batch 
Picking 

Picker fills 
multiple orders 
simultaneously 
on one pass 
through pick 
path; items 
sorted to orders 
during or after 
picking 

Medium-high 
order volume 
with similar 
pick paths; 
operations 
where 
batching can 
reduce travel 
by 50%+ 

High: fewer 
pick path 
passes for 
same 
number of 
orders 

Moderate: 
sorting adds 
error 
opportunity; 
requires 
strict 
discipline or 
sorting 
technology 

High: 
dramatically 
reduces travel 
time per order 
picked 

Zone 
Picking 
(Sequential) 

Warehouse 
divided into 
zones; each 
picker owns a 
zone; order 
container 
passes from 
zone to zone; 
each picker 
adds items 
from their zone 

Large facilities 
with wide SKU 
range; 
operations 
where product 
characteristics 
vary by zone 
(temperature, 
size, hazmat) 

Medium: 
container 
must wait 
at each 
zone 

Moderate: 
each picker 
responsible 
for their zone; 
zone 
boundary 
errors 
possible 

Moderate: each 
picker only 
travels their 
zone; wait time 
between zones 
limits 
throughput 

Zone 
Picking 
(Concurrent 
/ Pick-and-
Pass) 

Multiple pickers 
work their 
zones 
simultaneously; 
items 
consolidated 
after all zones 
complete 

High-
throughput 
operations; 
automated 
sorting 
consolidation 
after zone pick 

Very high: 
parallel 
zone 
picking 
eliminates 
sequential 
wait 

Moderate: 
consolidation 
adds 
complexity; 
sorter 
accuracy 
critical 

Very high: full 
parallelism; 
each picker 
maximally 
efficient in their 
zone 

Wave 
Picking 

Picks released 
in coordinated 
waves aligned 
with shipping 
schedules and 
carrier pickup 
windows; all 
picks for a wave 
executed 
concurrently 

High-volume 
fulfillment 
operations; 
operations 
with defined 
shipping 
windows; 
carrier-
committed 
pickup times 

Very high: 
maximizes 
throughput 
in defined 
windows 

High: wave 
planning 
ensures 
picks 
complete 
before 
shipping 
deadline 

High: labor 
concentrated 
in waves rather 
than spread 
continuously 

Pick-to-
Light 

Light display on 
each pick 
location 
illuminates with 
quantity when 
that location is 
included in 
current pick; 
picker confirms 

High-velocity 
forward pick 
area; e-
commerce 
fulfillment; 
high-accuracy 
requirements 
for small-item 
picking 

Very high: 
fastest 
piece-pick 
method in 
dense pick 
areas 

Very high: 
visual 
confirmation; 
error rate 
typically 
<0.1% 

Very high: 
minimal paper; 
no RF scanner 
required; 
fastest 
confirmation 
method 
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by pressing 
light button 

Voice 
Picking 
(Pick-by-
Voice) 

Picker wears 
headset; WMS 
issues voice 
instructions; 
picker 
responds 
verbally 
confirming 
location and 
quantity 

Ambient and 
cold storage 
operations; 
hands-free 
picking for 
bulky or 
hazardous 
items; 
operations 
with high 
product 
variation 

High: 
continuous 
direction; 
no screen 
to look at 

Very high: 
check-digit 
confirmation; 
voice 
response 
verification; 
error rate 
typically 0.1-
0.5% 

High: hands-
free; works in 
cold and 
outdoor 
environments 

Goods-to-
Person 
(GTP) 

Automated 
systems 
(shuttles, 
robots, 
carousels, 
AS/RS) bring 
storage units to 
a stationary 
picker 
workstation 

Very high-
volume, high-
SKU 
operations; e-
commerce 
fulfillment; 
high labor cost 
environments; 
operations 
justifying 
automation 
investment 

Extremely 
high: picker 
never 
travels; 
robot 
travels; 
throughput 
2-5x 
manual 

Very high: 
system-
controlled; 
picker 
confirms 
from 
workstation 

Transformative: 
single picker 
can achieve 
throughput of 
3-5 manual 
pickers 

 

 SELECTING THE RIGHT PICKING METHOD: KEY QUESTIONS 
What is your average order line count? (1-3 lines: discrete; 4+ lines: batch or wave) 
What is your daily order volume? (< 200 orders: discrete or zone; 200-2,000: 
batch/wave/zone; > 2,000: consider GTP or automation) 
What is the pick density in your pick area? (High density favors pick-to-light; low density 
favors RF or voice) 
What is your order accuracy requirement? (>99.5% drives toward pick-to-light, voice, or GTP) 
What is your temperature or product environment? (Cold storage and hazmat favor voice 
picking) 
What are your shipping windows? (Defined carrier pickup windows favor wave picking) 
What is your labor cost and availability situation? (High labor cost and tight availability favor 
automation investment) 
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Section 5: Packing, Shipping, and Dock Operations 
Pack Operations 
Pack operations transform picked items into shipment-ready packages. The pack station is where order 
accuracy is verified, pack materials are applied, cartons or pallets are prepared for shipment, and shipping 
labels are generated. Pack operations affect freight cost (through carton selection and packaging 
efficiency), customer experience (through presentation and protection), and sustainability (through 
material consumption and recyclability). 

 

Pack Decision Options Cost Driver Customer Impact Best Practice 

Carton Selection Pre-defined 
carton sizes vs. 
custom/on-
demand carton 
making; right-size 
carton for each 
order vs. 
standard sizes 

DIM weight 
billing: oversized 
cartons create 
excessive cube 
and freight cost 
surcharges 

Excessive void fill 
wastes materials 
and signals poor 
quality attention; 
damaged goods 
from under-sized 
packaging affects 
satisfaction 

Carton optimization 
systems (5-7 
standard sizes 
covering 95% of 
order cube 
profiles); on-
demand carton 
making for 
operations with 
extreme order size 
variation 

Void Fill and 
Dunnage 

Air pillows, paper 
fill, foam 
peanuts, kraft 
paper, custom 
molded foam, no-
void-fill 
corrugated design 

Material cost; 
labor time to fill; 
DIM weight 
impact 

Protective fill 
prevents damage; 
presentation quality 
signals brand care 

Right-size carton 
first to minimize 
void; use 
sustainable fill 
materials; 
eliminate void fill 
entirely for suitable 
products with right-
size corrugated 

Verification at 
Pack 

Weight check; 
barcode scan 
verification; 
vision systems; 
pack-and-scan 
confirmation 

Labor time at 
pack station vs. 
cost of shipping 
error 

Shipping wrong item 
is the highest-cost 
accuracy failure: 
return shipping, 
replacement, 
customer service, 
and relationship 
damage 

Weight verification 
at pack catches 
quantity errors; 
barcode scan 
verification catches 
item substitution 
errors; both 
together achieve 
>99.9% shipment 
accuracy 

Labeling and 
Documentation 

Carrier label 
generation; 
packing list; 
hazmat 
documentation; 
international 

Label errors 
cause carrier 
rejection and 
delivery failure; 
documentation 

Incorrect address 
causes non-
delivery; missing 
documentation 
causes customs 
holds 

Integrated WMS-to-
carrier label 
generation; address 
validation at order 
entry; auto-
generate all 
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commercial 
invoice 

errors cause 
customs delays 

required 
documentation 
from single WMS 
trigger 

 

Dock Operations and Scheduling 
Dock operations — the physical interface between the warehouse and the transportation network — are 
one of the most visible performance factors in a distribution center. Carrier detention charges, missed 
pickup windows, damaged loads, and shipping errors all originate at the dock. Yet dock management is 
often the least systematized function in the warehouse, managed through informal communication and 
manual scheduling. 

 

Dock Management 
Element 

Best Practice Cost of Not Doing It Technology 
Enabler 

Appointment 
Scheduling 

All inbound and outbound carriers 
scheduled to specific dock doors 
and time windows; no walk-in 
receiving without appointment 
except with supervisor approval 

Unscheduled arrivals 
create dock congestion; 
congestion causes 
detention (carrier 
charges $50-100/hour 
after free time); labor 
productivity collapses 
during dock congestion 

Dock 
scheduling 
system (YMS: 
Yard 
Management 
System); 
carrier self-
scheduling 
portal; WMS 
dock schedule 
integration 

Yard Management Track all trailers in the yard: 
location, status (loaded, empty, 
spotted for unloading, staged for 
loading); optimize spot 
assignments 

Lost trailers in yard 
create receiving delays; 
poor spot management 
forces unnecessary 
truck moves; empty 
trailer shortage causes 
shipping delays 

YMS with yard 
map and trailer 
tracking; RFID 
trailer tags for 
automated 
location; WMS 
integration for 
load status 

Load Planning Plan trailer loading sequence 
before loading begins: floor-
loaded vs. palletized; load 
stability; delivery sequence for 
multi-stop loads; weight 
distribution 

Poor load planning 
causes damage to 
freight; delivery 
sequence errors require 
entire unload at 
customer; weight 
distribution issues 
create safety and 
regulatory risk 

WMS load 
planning 
module; trailer 
visualization 
tool; weight 
calculation 
integration 

Carrier Detention 
Management 

Track carrier free time from arrival 
to departure; escalate 

Detention charges for 
outbound carriers 

YMS detention 
clock tracking; 
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approaching detention threshold; 
dock manager authority to 
expedite release 

waiting for loading: $75-
200/hour; inbound 
carrier detention when 
unloading delayed; 
relationship damage 
with carriers 

automated 
alert at 75% of 
free time 
consumed; 
carrier 
detention 
reporting by 
dock door and 
day 

Seal and Security Inspect and verify trailer seals 
before unloading; record seal 
numbers; photograph any broken 
or missing seals before driver 
departure; CCTV at all dock doors 

Unsealed trailer creates 
liability for shortage 
claims; inability to 
dispute theft or loss 
claims without visual 
evidence; regulatory 
exposure for regulated 
products 

CCTV system 
with dock 
coverage; 
digital seal 
inspection 
records in 
WMS; door 
sensor 
integration 

 

Section 6: Warehouse Management Systems (WMS) 
A Warehouse Management System (WMS) is the operational technology platform that directs, records, and 
optimizes all warehouse activity. It is the system of record for inventory location and quantity, the engine 
that generates picking, put-away, and replenishment tasks, and the data source for warehouse 
performance measurement. Without a WMS, warehouse operations depend on paper, memory, and 
individual knowledge — all of which are fragile, inaccurate, and unscalable. 

 

Core WMS Capabilities 
 

WMS Module Function Business Value Implementation 
Priority 

Inventory Location 
Management 

Tracks inventory quantity and 
location at the specific 
storage location level (bin, 
slot, bay); supports multiple 
units of measure; lot and 
serial number tracking 

Foundation of warehouse 
accuracy; enables accurate 
pick direction; basis for cycle 
counting; eliminates "I know 
it's here somewhere" 

Priority 1: must 
be operational 
before any other 
module adds 
value 

Receiving and Put-
Away 

Receives against POs/ASNs; 
directs put-away to optimal 
location based on slotting 
rules; confirms receipt and 
put-away via scan 

Inventory accuracy from 
point of receipt; eliminates 
paper receiving; directed put-
away eliminates suboptimal 
location decisions 

Priority 1: first 
function to 
implement; 
accuracy at 
receipt prevents 
downstream 
errors 
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Order Management 
and Wave Planning 

Accepts orders from 
ERP/OMS; plans pick waves 
based on shipping schedule, 
carrier cutoffs, and pick area 
capacity; releases waves to 
picking floor 

Aligns picking activity with 
shipping schedule; prevents 
missed carrier pickups; 
balances labor load across 
shift 

Priority 1: 
required for any 
managed pick 
operation 

Picking Direction Generates optimized pick 
tasks; routes pickers 
efficiently through the pick 
path; supports discrete, 
batch, zone, and wave pick 
methods; integrates with RF, 
voice, and light systems 

Labor efficiency: optimized 
routing reduces travel time 
20-40%; accuracy: system-
directed picking vs. paper or 
memory 

Priority 1: core 
operational 
capability; drives 
labor ROI 

Replenishment 
Management 

Monitors forward pick 
locations; generates 
replenishment tasks when 
pick location reaches reorder 
point; directs replenishment 
from reserve to forward pick 

Prevents pick zone stockouts 
that halt picking; maintains 
forward pick zone at optimal 
fill level; directs labor 
efficiently 

Priority 2: critical 
for operations 
with separate 
reserve and 
forward pick 
areas 

Labor Management Tracks individual associate 
productivity by task type; 
calculates engineered 
standards for comparison; 
identifies performance gaps; 
manages incentive programs 

Labor accountability: 
manages to engineered 
standards; identifies training 
needs; supports 
performance management; 
prevents productivity drift 

Priority 2: builds 
on operational 
data from picking 
and receiving 
modules 

Shipping and Load 
Management 

Manages trailer loading; 
generates shipping 
documentation; produces 
carrier labels; integrates with 
TMS for rate and carrier 
selection; creates manifest 

Shipping accuracy; carrier 
compliance; freight audit 
support; customer ASN 
generation 

Priority 1: 
required for 
accurate, 
compliant 
shipping 

Analytics and 
Reporting 

Warehouse performance 
dashboards: throughput, 
accuracy, labor productivity, 
space utilization; carrier 
performance; exception 
management 

Management visibility; 
continuous improvement 
data foundation; operational 
accountability 

Priority 3: builds 
on transaction 
data from all 
other modules; 
value increases 
with data history 

 

 COMMON ERROR: GOING LIVE ON WMS WITHOUT ACCURATE INVENTORY AS THE 
STARTING POINT 
A WMS goes live with the inventory that is in the system on go-live day. If that inventory is 
inaccurate — wrong quantities, wrong locations, items in the system that are not physically 
there — the WMS will direct pickers to locations with no product, generate put-away tasks to 
occupied locations, and produce picking errors on its first day of operation. The resulting 
chaos destroys user trust in the system within days. The mandatory prerequisite for WMS go-
live is a full physical inventory count that accurately populates the system before any WMS-
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directed operations begin. This count must be completed and reconciled — not 
approximated or partially done. 

 

WMS Implementation: The Critical Path 
7. Physical inventory count and system load: Complete full physical count; load accurate inventory 

positions before go-live. No exceptions. 
8. Location master setup: Every storage location in the facility labeled with barcode; location master 

loaded in WMS with position, dimensions, and zone attributes. 
9. Slotting configuration: Slotting rules configured in WMS before go-live; system-directed put-away 

and picking requires slot assignments to be correct. 
10. Integration testing: ERP-to-WMS order flow; WMS-to-carrier label generation; YMS dock 

scheduling; TMS rate integration — all tested end-to-end with real transactions before go-live. 
11. Parallel operation period: Run WMS and previous system in parallel for 2-4 weeks; reconcile 

discrepancies before cutting over completely. Builds confidence before dependency. 
12. Training and change management: Every associate trained on their role-specific WMS functions 

before go-live; supervisor training on exception handling and reporting; management training on 
dashboards. 

 

Section 7: Labor Management and Productivity 
Labor is typically 50 to 65 percent of total warehouse operating cost. In an era of tight labor markets, rising 
wages, and constrained automation budgets, labor management is one of the most consequential 
operational disciplines in warehouse management. The difference between a well-managed and a poorly 
managed warehouse labor operation is typically 20 to 35 percent in productivity — meaning the same 
number of associates producing 20 to 35 percent more throughput, or the same throughput with 20 to 35 
percent fewer associates. 

 

Engineered Labor Standards 
Engineered labor standards (ELS) are scientifically derived time standards for each warehouse task: 
picking a case from a specific storage tier, performing a put-away to a specific location type, completing a 
pack station operation. They are derived from time-motion study or the Methods-Time Measurement (MTM) 
system and represent the expected time for a qualified associate performing the task at a sustainable, 
100% efficiency pace. 

 

ELS enable warehouse managers to: calculate the labor requirement for a planned volume of work before 
the work is performed; measure actual associate performance against the standard in real time; identify 
performance gaps warranting coaching, training, or reassignment; and quantify the labor cost impact of 
slotting changes, layout modifications, or process redesigns. 



 

19 | P a g e  
 

 

Labor Management 
Element 

Description Implementation 
Requirement 

Expected 
Productivity 
Impact 

Engineered Labor 
Standards (ELS) 

Task-level time standards for 
all measurable warehouse 
activities; expressed as units 
per hour or minutes per task 

Time-motion study or MTM 
development; WMS 
integration to capture 
actual task times; 
standards library 
maintained as processes 
change 

10-20% 
productivity 
improvement 
from standards 
alone 
(Hawthorne 
effect + 
accountability) 

Indirect Labor 
Tracking 

Tracking of non-productive 
time: meetings, breaks, 
travel, maintenance, training; 
benchmark indirect vs. direct 
labor ratio 

WMS labor module or labor 
management system 
(LMS); associate activity 
tracking throughout shift 

Identifies indirect 
time bloat; 
typical finding: 
25-35% of shift 
time is indirect; 
target <20% 

Real-Time 
Performance Visibility 

Supervisor dashboard 
showing associate 
productivity vs. standard in 
real time; enables immediate 
coaching for performance 
below threshold 

WMS LMS module; real-
time data feed to 
supervisor interface; 
mobile or fixed display 
devices 

Real-time 
visibility enables 
real-time 
coaching; 
prevents shift-
end productivity 
surprises 

Performance-Based 
Incentives 

Variable compensation tied 
to productivity vs. standard: 
associates achieving above 
100% of standard earn 
incremental pay; quality 
gates required (accuracy 
threshold to qualify) 

Clear standard definition; 
accurate quality 
measurement; transparent 
calculation methodology; 
payroll integration 

15-25% 
productivity 
improvement 
from incentive 
programs in 
operations where 
implemented 
correctly; 
requires quality 
safeguard to 
prevent 
accuracy-for-
speed trade-off 

Cross-Training and 
Flexible Deployment 

Associates trained across 
multiple work areas 
(receiving, picking, packing, 
replenishment); labor 
deployed dynamically to 
bottleneck based on real-
time volume 

Training program for each 
function; certification 
tracking; labor deployment 
system (WMS LMS or 
manual scheduling) 

Reduces labor 
waste from 
function-specific 
imbalances; 
eliminates "I'm 
done, nothing to 
do" while another 
area is 
overloaded 
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 BEST PRACTICE: QUALITY GATES IN LABOR INCENTIVE PROGRAMS 
Labor incentive programs that reward speed without quality gates reliably produce both: 
associates work faster and cut corners on accuracy. The result is a productivity gain and an 
accuracy loss — a net negative when the cost of picking errors (re-pick, reship, customer 
complaint, return) is calculated. All labor incentive programs must include accuracy 
thresholds: an associate who picks at 130% of standard with 98% accuracy earns the 
incentive; an associate who picks at 130% of standard with 95% accuracy does not. 
Accuracy measurement must be independent of the picking process — verification at pack, 
customer complaint tracking, and cycle count discrepancy attribution are the primary tools. 

 

Section 8: Returns Processing (Reverse Logistics) 
Returns processing — the reverse flow of goods from customer back through the distribution network — is 
one of the most neglected and costly elements of warehouse operations. Return rates of 5 to 15 percent 
are common in industrial distribution and reach 20 to 30 percent or more in e-commerce. Each return 
involves receiving, inspection, disposition decision, and either restocking, repair, refurbishment, recycling, 
or disposal — all at cost and with complex inventory accounting implications. 

 

The Returns Processing Workflow 
 

Returns Stage Activity Decision Point System Support KPI 

Return 
Authorization 

Customer requests 
return; RMA (Return 
Merchandise 
Authorization) issued; 
return shipping label 
generated or 
customer arranges 
return freight 

Approve or deny 
return based on 
policy (within return 
window, eligible 
product, condition 
requirements); 
collect return 
reason code 

ERP/OMS return 
authorization 
module; RMA 
tracking; return 
reason 
classification 

Return 
authorization 
cycle time 
(customer 
request to RMA 
issuance) 

Inbound 
Receipt 

Return arrives at DC; 
received against RMA; 
physical condition 
inspected; disposition 
recommendation 
made by receiver 

Physical condition 
assessment: 
sellable as-is; 
requires inspection; 
damaged; wrong 
item returned 

WMS return 
receipt; RMA 
matching; 
condition code 
entry 

Returns receipt 
cycle time; 
returns on dock > 
24 hours (target: 
zero) 

Inspection and 
Grading 

Detailed inspection 
against product 
specifications; grade 
assigned (A: 
new/sellable; B: minor 
defect/discount sell; 

Grade assignment 
drives disposition; 
cause code drives 
supplier claim or 
customer charge-
back decision 

WMS quality 
inspection; grade 
and cause code 
library; automatic 
disposition 
routing by grade 

Inspection 
accuracy; 
inspection 
throughput; 
grade 
distribution trend 
(early signal of 
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C: refurbish; D: scrap); 
cause code assigned 

quality or 
packaging 
issues) 

Disposition 
Execution 

Based on grade: A 
items restocked to 
sellable location; B 
items to outlet or 
discount channel; C 
items to 
repair/refurbishment; 
D items to disposal or 
recycling 

Speed of 
disposition 
execution 
determines how 
quickly returned 
value is recovered; 
items sitting in 
returns staging lose 
value daily 

WMS disposition 
routing; 
refurbishment 
work order 
system; 
disposal/recycling 
vendor integration 

Days to 
disposition; % 
restocked within 
48 hours; 
recovery value 
rate (revenue 
recovered / 
original cost) 

Financial 
Processing 

Customer credit 
issued; supplier claim 
initiated if return due 
to supplier quality 
issue; inventory 
adjustment posted; 
returned value 
recorded 

Credit accuracy and 
timeliness affects 
customer 
relationship; 
supplier claims 
require 
documentation and 
follow-up 

ERP credit memo 
generation; 
supplier claims 
management; 
inventory 
adjustment 
posting 

Credit issuance 
cycle time; 
supplier claim 
recovery rate; 
return handling 
cost per unit 

 

 COMMON ERROR: RETURNS AS AN AFTERTHOUGHT IN DC DESIGN 
Returns processing areas are frequently an afterthought in distribution center design: a 
corner of the facility with no defined flow, insufficient space, inadequate lighting, and no 
dedicated staffing. The result is a returns backlog that grows unchecked, items waiting weeks 
for disposition and losing value daily, and no visibility to the financial impact. Returns should 
be designed into the DC layout with defined flow, adequate space (typically 5-10% of total 
facility footprint), dedicated receiving capacity, and staffed processing capability matched to 
expected return volume. The financial recovery from prompt, disciplined returns processing 
consistently exceeds the cost of the dedicated capacity. 

 

Section 9: Warehouse Automation and Technology 
Warehouse automation has historically been capital-intensive and operationally rigid: fixed conveyors, 
AS/RS systems, and sortation equipment that required years of ROI and resisted operational changes. The 
past decade has seen a transformation in the automation landscape: flexible, scalable, software-driven 
automation systems that can be deployed in months rather than years, right-sized to operation scale, and 
reconfigured as the business changes. 

 

Automation 
Technology 

Description Best Application Typical ROI 
Horizon 

Key 
Consideration 
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Autonomous Mobile 
Robots (AMRs) 

Self-navigating robots 
that move goods, 
totes, or shelves 
through the facility; 
work alongside human 
associates without 
fixed infrastructure 

Goods-to-person 
picking; inventory 
transport; order tote 
movement; batch 
pick consolidation 

18-36 
months 

Flexible: no fixed 
infrastructure; 
scalable (add 
robots as volume 
grows); works in 
existing facilities; 
lower investment 
than fixed 
automation 

Automated Guided 
Vehicles (AGVs) 

Vehicles that follow 
fixed paths (magnetic 
tape, wire, laser); used 
for pallet transport, 
trailer loading, and 
high-throughput 
internal transport 

High-volume pallet 
movement between 
defined points; 
trailer 
loading/unloading; 
high-throughput 
internal transport 

24-48 
months 

Fixed paths limit 
flexibility; higher 
infrastructure 
investment than 
AMRs; best for 
high-volume, 
predictable 
routes 

Goods-to-Person 
(GTP) Shuttle 
Systems 

Automated shuttle 
systems retrieve 
storage units (totes, 
cartons, trays) from 
high-density racking 
and deliver to human 
pick stations 

High-throughput 
piece-pick 
operations; e-
commerce 
fulfillment; very high 
SKU count with 
moderate-to-high 
velocity 

36-60 
months 

High capital cost; 
transformative 
throughput; 
footprint 
efficiency 
exceptional; 
requires stable 
product profile 

Sorter Systems 
(Cross-Belt, Shoe, 
Tilt-Tray) 

High-speed 
automated sortation 
of individual items or 
cartons to defined 
destinations (shipping 
lanes, pack stations, 
returns processing) 

High-volume 
outbound sort; 
returns disposition; 
batch pick 
consolidation; 
multi-carrier sort 

36-60 
months 

High capital cost; 
high throughput; 
requires volume 
to justify; 
dimensioning 
and weight 
capture enables 
freight 
optimization 

Collaborative 
Robots (Cobots) for 
Pick and Pack 

Robot arms or vision-
guided robots that 
pick items from bins 
or conveyors and 
place in cartons; work 
alongside human 
pickers 

Piece picking from 
bins; carton 
packing; palletizing 
and depalletizing; 
high-volume 
repetitive tasks 

24-48 
months 

Reliability 
improving 
rapidly; SKU 
variety and item 
presentation 
requirements 
limit applicability 
for complex pick 
profiles; best for 
specific product 
families 

Automated 
Conveyor and 
Sortation 

Fixed conveyor 
systems for carton 
transport; automated 
label application; scan 

High-volume parcel 
operations; 
fulfillment centers 
with defined flow 

36-60 
months 

Fixed 
infrastructure; 
high-volume 
requirement for 
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tunnels for barcode 
capture; print-and-
apply labeling 

paths; operations 
justifying fixed 
infrastructure 

economics; 
enables very high 
throughput with 
reduced labor; 
less flexible than 
AMR-based 
alternatives 

Voice and Wearable 
Technology 

Voice-directed 
picking; smart glasses 
with overlay 
instructions; wearable 
scanners; hands-free 
confirmation devices 

Any pick 
environment; 
particularly valuable 
in cold storage, 
high-reach, or 
hazmat 
environments 

12-24 
months 

Lower 
investment than 
robotic 
automation; 
significant 
accuracy and 
productivity 
improvement; 
works in existing 
facility layout 
without 
modification 

 

 THE AUTOMATION INVESTMENT DECISION FRAMEWORK 
Step 1: Quantify the labor cost at current and projected volume — automation ROI is driven 
primarily by labor cost avoidance 
Step 2: Assess labor availability — tight labor markets accelerate automation ROI by 
increasing risk of not having it 
Step 3: Evaluate volume stability — automation is most economic where volume and product 
mix are predictable; high variability favors flexible AMRs over fixed automation 
Step 4: Model total cost of ownership — capital, maintenance, software, integration, and 
reconfiguration costs over 5-7 year horizon 
Step 5: Pilot before full commitment — most automation vendors offer pilot programs; 
validate throughput and accuracy claims in your actual operation before full investment 
Step 6: Plan for transition — automation implementation requires process redesign, layout 
modification, and retraining; transition period reduces throughput temporarily before 
improvement is realized 

 

Section 10: Case Study — Meridian Industrial Components Midwest Hub DC 
MERIDIAN INDUSTRIAL COMPONENTS: DESIGNING AND LAUNCHING THE 
MIDWEST HUB DC 
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Design Requirements and Facility Selection 
MIC's supply chain team develops the design requirements for the Midwest Hub DC based on the Guide 1 
network analysis and the inventory optimization work from Guide 4. The hub DC is designed to: consolidate 
inbound freight from suppliers before distribution to plants; serve as the primary outbound fulfillment point 
for MIC's 47 customer delivery locations; and hold the finished goods safety stock that was previously 
scattered across three plant storage areas. 

 

Design Parameter Requirement Rationale Design Solution 

Total square footage 185,000 sq ft Projected 5-year 
throughput at 80% 
utilization target; 20% 
expansion provision 
designed into building 
shell 

Greenfield build in industrial 
park; I-shape layout for clean 
inbound/outbound 
separation 

Storage capacity 12,000 pallet 
positions (reserve); 
2,400 forward pick 
locations 

Covers 60 days of 
outbound demand at 
target inventory turns of 
6.5x; forward pick zone 
covers A and B items 

Selective pallet racking for 
reserve; shelving and flow 
rack for forward pick zone 

Dock doors 22 inbound; 18 
outbound; 4 flex 
(inbound or 
outbound) 

Based on peak daily 
shipment volume plus 
20% surge capacity 

Dock levelers on all doors; 
inbound and outbound on 
opposite walls (I-shape) 

Throughput capacity 8,500 outbound 
cartons/day peak; 
6,200 inbound 
cases/day 

Peak season 
requirement plus 15% 
surge buffer 

Pick-to-light in forward zone 
(A/B items); RF voice picking 
in reserve zone (C items and 
bulky) 

Labor model 42 FTEs at full 
operation; 60 FTEs 
at seasonal peak 

Based on engineered 
labor standards for 
projected order profile 

WMS with labor 
management module; cross-
training program across all 
functions 

Technology Tier 2 WMS 
(Manhattan 
Associates); YMS; 
TMS integration; 
pick-to-light in 
forward zone 

WMS and YMS required 
for operational discipline 
at scale; pick-to-light for 
high-velocity forward 
pick area 

Phased implementation: 
WMS and receiving first; 
pick-to-light in Phase 2 
(Month 4) 

Returns processing 1,800 sq ft 
dedicated returns 
area; 2 FTE 
dedicated returns 
staff 

5% return rate 
assumption on 
outbound volume 

Defined returns flow: 
receive, inspect, grade, 
disposition within 24 hours 
target 
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Launch and Ramp-Up Results 
The Midwest Hub DC goes live in Month 1 with receiving and storage operations. Outbound picking and 
shipping begins in Month 2 as plant inventory is transferred to the hub. By Month 6, the hub is at full 
operational capacity and the three plant storage areas have been decommissioned as primary inventory 
locations. 

 

Performance Metric Month 1 (Go-
Live) 

Month 3 Month 6 Month 12 
Target 

Inventory Record Accuracy 
(IRA) 

98.2% (full count 
before go-live) 

98.7% 99.1% >99.5% 

Order Pick Accuracy 98.6% (voice 
picking, manual 
verification) 

99.1% 99.4% (pick-to-
light live in Month 
4) 

>99.5% 

On-Time Shipping (pick 
complete and shipped on day 
promised) 

94.1% (ramp-up 
period; wave 
planning issues) 

96.8% 98.3% >98.5% 

Picks per hour (productive, 
excluding indirect time) 

82 picks/hr (no 
standards; 
baseline) 

94 picks/hr 
(standards 
implemented 
Month 2) 

108 picks/hr 
(pick-to-light + 
optimization) 

>110 
picks/hr 

Dock appointment 
compliance (inbound) 

71% (carriers 
unfamiliar with 
new DC) 

84% 93% >95% 

Returns disposition within 24 
hours 

Not tracked 
initially 

61% within 24 
hours 

84% within 24 
hours 

>90% 
within 24 
hours 

Space utilization (pallet 
positions, average) 

34% (inventory 
still transferring 
from plants) 

62% 78% Manage to 
75-80% 

Total DC operating cost per 
outbound carton 

$4.82 (ramp-up 
inefficiency) 

$3.91 $3.44 <$3.25 

 

 MIC INSIGHT: THE SLOTTING DISCOVERY AT MONTH 3 
When MIC's warehouse manager ran the first slotting analysis at Month 3, he discovered that 
31% of the top-velocity A items had been placed in C-tier (floor or high-bay) pick locations 
during initial stocking — because the team prioritized filling available space quickly rather 
than assigning by velocity. The slotting correction took one weekend shift and 4 associates to 
execute. The result: average picks per hour increased from 94 to 108 in the following month. 
A single weekend slotting event produced a 15% labor productivity improvement — 
equivalent to adding 6 FTEs of capacity without hiring anyone. 
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Section 11: Warehouse KPIs and Performance Management 
 

KPI Definition World Class 
Target 

Frequency Owner 

Order Pick Accuracy (Orders shipped with no 
picking errors / Total orders 
shipped) x 100 

>99.5% Daily Warehouse 
Operations 

On-Time Shipping (Orders shipped on 
committed date / Total 
orders) x 100 

>98.5% Daily Warehouse 
/ Customer 
Service 

Picks per Hour (PPH) Total picks completed / 
Total productive labor hours 

Operation-specific; 
benchmark against 
engineered 
standard 

Daily / Per 
shift 

Warehouse 
Operations 

Inventory Record 
Accuracy (IRA) 

(Locations counted with 
correct system qty) / Total 
locations counted 

>99.5% Weekly 
(from 
cycle 
counts) 

Warehouse 
Operations 

Receiving Accuracy (Lines received without 
discrepancy) / Total lines 
received 

>99% Daily Receiving 

Dock-to-Stock Time Average time from carrier 
arrival to product available 
in WMS for picking 

<4 hours for 
standard receipts 

Daily Receiving / 
Warehouse 

Returns Processing 
Cycle Time 

Average time from return 
receipt to disposition 
complete 

<24 hours Weekly Returns / 
Warehouse 

Space Utilization Occupied locations / Total 
available locations 

Manage to 75-85%; 
escalate above 
88% 

Weekly Warehouse 
Manager 

DC Cost per Unit 
Shipped 

Total DC operating cost / 
Total units shipped 

Operation-specific; 
track trend and 
benchmark 

Monthly Finance / 
DC 
Manager 

Carrier Detention 
Charges 

Total detention charges 
paid to carriers per period 

Target $0; any 
detention requires 
root cause 

Weekly Dock / 
Warehouse 
Manager 
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Section 12: Best Practices, Common Errors, and Tips 
Ten Principles of Warehouse Excellence 
 

# Principle Why It Matters 

1 Design for 85% utilization peak, 
operate at 80% — space buffer is 
operational flexibility, not waste 

Warehouses at 95%+ utilization consistently degrade in 
throughput, accuracy, and labor efficiency as congestion 
becomes the primary constraint 

2 Slot by pick velocity, not by 
supplier or product category 

Velocity-based slotting reduces picker travel 20-40%; the 
fastest ROI improvement available with no capital investment 

3 Achieve >99% IRA before 
implementing WMS-directed 
operations — the WMS amplifies 
inaccuracy as much as accuracy 

A WMS directing picks to wrong or empty locations destroys 
operator trust and produces worse performance than paper-
based systems 

4 Design receiving for accuracy 
first, speed second — errors 
caught at dock cost 10x less than 
errors found at customer 

Every receiving error that escapes becomes a picking error, a 
shipping error, a customer complaint, or an inventory 
discrepancy 

5 Implement engineered labor 
standards before incentive 
programs — you cannot reward 
performance you cannot measure 

Incentive programs without standards create gaming; 
standards provide the objective measurement that makes 
incentives fair and effective 

6 Build quality gates into any labor 
incentive program — reward picks 
per hour AND accuracy, not picks 
per hour alone 

Speed-only incentives reliably trade accuracy for throughput; 
the quality gate prevents this and sustains both metrics 
simultaneously 

7 Treat returns as a financial 
recovery operation with defined 
process, not an administrative 
burden 

Items sitting in returns staging lose value daily; every day 
without disposition is a dollar written off unnecessarily 

8 Never go live on WMS without a 
full physical inventory count as 
the starting point 

WMS go-live on inaccurate inventory produces a catastrophic 
first day; the mandatory pre-condition is accurate starting 
inventory 

9 Evaluate automation on total cost 
of ownership over 7 years, not just 
purchase price 

Automation economics require long time horizons; short 
payback analysis consistently understates ROI for correctly 
implemented systems 

10 Conduct quarterly slotting 
reviews and execute re-slotting as 
velocity profiles change 

Optimal slotting is a moving target; demand patterns change 
seasonally and over time; quarterly review maintains the 
productivity advantage of optimal slotting 

 

Five Critical Warehouse Failures 
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 CRITICAL FAILURE 1: OPERATING WITHOUT WMS IN A FACILITY ABOVE 30,000 SQUARE 
FEET 
Paper-based and spreadsheet-based warehouse management fails predictably as facility 
size, SKU count, and order volume grow beyond what human memory and manual tracking 
can reliably manage. Inventory accuracy below 95%, picking accuracy below 97%, and labor 
productivity below potential are the systematic consequences of operating without WMS at 
meaningful scale. The investment in a mid-market WMS ($100K-$400K annually for SaaS) is 
justified at freight organizations shipping more than $5-10M and warehouses handling more 
than 500-1,000 daily orders. 

 

 CRITICAL FAILURE 2: DESIGNING THE LAYOUT FOR CURRENT REQUIREMENTS WITHOUT 
GROWTH PLANNING 
Warehouse layouts optimized for today's volume, today's product mix, and today's order 
profile are obsolete within 3-5 years in any growing business. Expanding a warehouse whose 
layout was not designed for expansion requires either a disruptive redesign or increasingly 
expensive workarounds: temporary overflow, offsite storage, and operational complexity that 
costs more than a correctly designed facility would have. The 5-to-10 year demand projection 
is not a nice-to-have in facility design — it is the primary design input. 

 

 CRITICAL FAILURE 3: ELIMINATING RETURNS PROCESSING BUDGET DURING COST 
REDUCTION INITIATIVES 
Returns processing is frequently targeted in cost reduction initiatives because its cost is 
visible and its revenue recovery is not well-measured. The result: understaffed returns areas, 
growing returns backlogs, increasingly stale inventory sitting in staging, and accelerating 
value loss. The mathematics of returns processing economics are straightforward: a $50 
item returned and dispositioned within 24 hours recovers $45-50 in value (resell or credit). 
The same item sitting in staging for 30 days and receiving further handling damage recovers 
$15-20. The cost of not processing returns promptly is always higher than the cost of 
processing them. 

 

 CRITICAL FAILURE 4: LABOR INCENTIVE PROGRAMS WITHOUT ACCURACY 
MEASUREMENT 
This error appears repeatedly because the instinct — reward faster workers — seems 
intuitively sound. The mechanism of failure is equally intuitive once understood: associates 
who are measured only on speed learn that cutting corners on verification increases their 
pay. Pick-to-light acknowledgment without reading the label. Scan-and-go without verifying 
quantity. Batch consolidation without checking item identity. The resulting accuracy 
deterioration is subtle at first and catastrophic at scale. Accuracy measurement must be 
independent of the associate doing the picking — verification at pack, customer complaints 
attributed to originating picker, and cycle count discrepancy attribution are the tools. 
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 CRITICAL FAILURE 5: IGNORING DOCK SCHEDULING AND PAYING THE DETENTION 
CONSEQUENCES 
Detention charges — carrier fees for time waiting at a dock beyond the standard free time 
window — are a direct cash consequence of poor dock management that many organizations 
treat as an unavoidable cost of doing business. At $75-200 per hour, a warehouse with 10 
detention events per week at 2 hours average is paying $78,000-$208,000 per year in 
avoidable charges. The solution — appointment scheduling enforced through YMS, dock 
assignment matched to inbound volume, and operational discipline to unload within free 
time — requires process investment that pays back in weeks from detention charge 
elimination alone. 

 

 
 

QUICK REFERENCE: WAREHOUSE AND DISTRIBUTION OPERATIONS 

 

Picking Method Selection Guide 
 

If Your Operation Has... Consider... Key Requirement 

< 200 orders/day, low pick 
density 

Discrete (single order) 
picking 

Simple; no special tooling; works in any 
WMS 

200-2,000 orders/day, 
moderate density 

Batch picking or zone-
wave combination 

WMS batch release; cart or tote for batch 
consolidation 

> 2,000 orders/day, high pick 
density, A items concentrated 

Pick-to-light in forward 
zone + zone-wave for 
reserve 

Pick-to-light infrastructure; WMS 
integration; forward zone slotting discipline 

Cold storage, hazmat, or heavy-
bulky picks 

Voice picking throughout Voice hardware and WMS integration; 
check-digit confirmation 

Very high volume, high SKU, 
automation budget 

Goods-to-person AMR or 
shuttle system 

Significant capital investment; ROI justified 
at high labor cost and volume 

Defined shipping windows with 
carrier commitments 

Wave picking released 
against shipping 
schedule 

WMS wave planning module; wave release 
aligned to carrier pickup times 

 

Warehouse KPI Quick Reference 
 

KPI World Class Acceptable Action Required 
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Order Pick Accuracy >99.5% 98.5-99.5% <98.5%: root cause and corrective 
action; <97%: process redesign 

On-Time Shipping >98.5% 96-98.5% <96%: wave planning review; capacity 
assessment; priority protocol 

Picks Per Hour vs. 
Standard 

> 100% 85-100% <85%: coaching; slotting review; process 
improvement; indirect time audit 

Inventory Record 
Accuracy 

>99.5% 97-99.5% <97%: intensify cycle counting; root 
cause all discrepancies 

Dock-to-Stock Time < 4 hrs 4-8 hrs > 8 hrs: receiving process review; dock 
scheduling; staffing assessment 

Space Utilization 75-80% 80-85% > 88%: expansion trigger; overflow 
solution needed 

DC Cost per Unit 
Shipped 

Track trend and 
benchmark 

 Rising trend without volume decline: 
process improvement initiative 

 

Slotting Tier Reference 
 

Slot Tier Position Height Range Assign To Ergonomic 
Priority 

Golden Zone 
(Prime) 

Closest to pick 
start; eye level 

30" - 60" from 
floor 

A items: highest pick 
frequency SKUs 

Highest: most 
reaches per 
shift occur 
here 

Silver Zone Adjacent to golden 
zone; slight reach 

18" - 72" from 
floor 

B items: medium 
frequency SKUs 

Medium: 
acceptable 
reach and 
travel 

Bronze Zone (Top) Top rack positions; 
above golden zone 

> 72" from floor C items: low frequency; 
lightweight 

Lower: 
infrequent 
access; 
lightweight 
items only 

Floor (Bottom) 
Zone 

Floor level; below 
golden zone 

0" - 18" from 
floor 

C items; heavy items 
(ergonomic for heavy lift) 

Lower 
frequency; 
heavy items 
benefit from 
floor position 
for lift 

Reserve / 
Overflow 

Remote storage 
areas; high bay 
racking 

Any height Bulk reserve stock 
awaiting replenishment 

Forklift access; 
not hand-pick 
zone 

 



 

31 | P a g e  
 

 
 

Sources and Further Reading 
 

Frazelle, E. World-Class Warehousing and Material Handling (2nd ed.). McGraw-Hill. The definitive 
practitioner reference on warehouse design, operations, and technology; covers layout, slotting, picking 
methods, automation, and performance management with depth and practicality. 

 

Tompkins, J., White, J., Bozer, Y. & Tanchoco, J. Facilities Planning (4th ed.). Wiley. Comprehensive 
academic and practitioner reference on facility layout, material handling system design, and warehouse 
engineering; essential for facility design practitioners. 

 

Richards, G. Warehouse Management: A Complete Guide to Improving Efficiency and Minimizing Costs in 
the Modern Warehouse (3rd ed.). Kogan Page. Practical guide covering all aspects of warehouse 
operations including WMS selection, automation assessment, and lean warehouse principles. 

 

CSCMP (Council of Supply Chain Management Professionals): cscmp.org. Annual State of Logistics 
Report; CLTD certification covering distribution center operations and logistics; benchmarking data for DC 
performance metrics. 

 

Warehouse Education and Research Council (WERC): werc.org. Annual DC Measures benchmark study; 
the industry standard benchmarking source for warehouse KPIs across industries and operation types; 
essential for performance contextualization. 

 

MHI (Material Handling Industry): mhi.org. Industry association for warehouse automation and material 
handling technology; annual Innovation Report on emerging warehouse technology trends; ProMat 
tradeshow resource for automation evaluation. 

 

Gartner Magic Quadrant for Warehouse Management Systems. gartner.com. Annual WMS vendor 
assessment; essential for technology selection across tiers from enterprise to mid-market; covers cloud 
and on-premise options. 

 

Modern Materials Handling: mmh.com. Industry publication covering warehouse operations, automation, 
and technology; annual Warehouse/DC Operations Survey; case studies of warehouse technology 
implementation across industries. 
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